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Foreword, 1st Edition

This text was developed under the aegis of the American Society of Colon and Rectal  Surgeons 
(ASCRS). It represents an attempt to cover the field of colon and rectal surgery with input 
from expert surgeons who have, in one way or another, shown special interest or expertise in 
specific areas of the specialty.

The book will hopefully serve as a source of useful information and perhaps even guidance 
to surgeons whose practice is confined to the specialty of colon and rectal surgery, and also to 
general surgeons, surgery residents, and medical students with an interest in surgery.

The finished product represents significant efforts from authors who have taken time from 
their busy schedules to set into writing their often unique perspectives. I know for certain that 
no author of any chapter in this book has a light schedule, but that fact validates each author’s 
selection for authorship.

Special acknowledgment is due the editors, Bruce Wolff, David Beck, John Pemberton, and 
Steven Wexner. This project simply would not have come together without their efforts on 
many levels.

Finally, Jim Fleshman must be singled out for special recognition. The idea of an ASCRS-
sponsored text began with Jim – an idea that he advocated, developed, nurtured, and forced 
until it became realized in the substance you now hold.

Robert Fry, MD  
Emilie and Roland deHellebranth  

Professor of Surgery  
Chief, Division of Colon and Rectal Surgery  

The Hospital of the University of Pennsylvania



  



vii

Foreword, 2nd Edition

The American Society of Colon and Rectal Surgeons (ASCRS) Textbook was originally 
conceived as a means of providing state of the art information to residents in training and 
fully trained surgeons seeking maintenance of certification and to support the mission of 
the ASCRS to continue to be the world’s most established authority on colon and rectal 
disease. The second edition perpetuates these goals. This textbook has been significantly 
reorganized in response to the numerous important changes in our specialty. All chapters 
were rewritten and updated and new chapters have been added. While several authors from 
the first edition were retained, for the majority of chapters, new authors were selected. Most 
of these internationally acclaimed contributors are active members of the ASCRS who rou-
tinely contribute to our literature. These respected individuals have carefully crafted chap-
ters which provide a comprehensive summary of the subject with an appropriate mixture of 
detailed personal experience and comprehensive literature review. This approach provides 
the reader with a very open-minded, evidence-based approach to all aspects of colorectal 
disease.

At the inception of the first edition, the editorial board was designed to be a rotating group 
of experts selected by the ASCRS Executive Council. As the two senior editors of this edition, 
it has been our distinct pleasure and honor to work with this edition’s editorial board. They 
have sacrificed time and energy to achieve what we believe continues to be the standard in 
colon and rectal surgery. For the sake of ease of use and consistency, the Table of Contents 
correlates with the Core Curriculum established by the Association of Program Directors in 
Colon and Rectal Surgery and the key topics used by the American Board of Colon and Rectal 
Surgery. Furthermore, the Practice Parameters developed by the ASCRS Standards Committee 
have been incorporated into the text appendix. As occurred with the first edition, the proceeds 
from this textbook and any related publications will be utilized by the ASCRS Executive 
Council to sponsor the research and education efforts of the society.

The second edition continues to provide what the fellows and members of the ASCRS and 
trainees at all levels agree is the definitive source of knowledge in colon and rectal surgery. We 
are honored to have been a part of this ongoing monumental achievement and thank the leaders 
of the ASCRS for their continued support of the textbook. We thank our predecessors Bruce 
Wolf and Jim Fleshman, whose significant commitments as the co-senior editors of the first 
edition ensured the success of the textbook. We gratefully acknowledge our coeditors for their 
major contributions and rest comfortably as we leave the editorial board, knowing that future 
editions will continue to benefit from their dedication and expertise. We thank each chapter 
author and coauthor for their devotion to this task and to the mission of the ASCRS as without 
their individual and collective efforts the second edition would not be at such a tremendously 
high standard. We are grateful to the authors and coauthors of the first edition upon whose 
labors the foundation of this edition was easily laid. We also thank Sharon Beck for her sup-
port during this effort and our Developmental Editor Elektra McDermott for her extraordinary 
efforts which ensured the timely and professional completion of this second edition. Finally, 
we want to specially acknowledge the loss of our friend and colleague, W. Douglas Wong, 
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past president of the ASCRS. During the production of this edition, Doug passed away after a 
 courageous battle with a terrible disease. He made numerous major contributions to our spe-
cialty and to this textbook. Although Doug will be missed, his innovations and teachings will 
endure and continue to benefit surgeons and patients throughout the world.

David E. Beck, MD, FASCRS 
Steven D. Wexner, MD, FASCRS

April 2011
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Preface

Drs. David Beck and Steven Wexner (Senior Editors) as well as the other members of the 
editorial board, Drs. Patricia Roberts, Theodore Saclarides, Michael Stamos, and Anthony 
Senagore, are to be congratulated on their successful completion of the second edition of the 
American Society of Colon and Rectal Surgeons (ASCRS) Textbook. The table of contents 
has been changed to reflect recent changes in the Core Curriculum for training Residents in 
colon and rectal surgery and format changes have been made to improve the presentation of 
the material. At least one third of the material has been completely renewed to reflect advances 
in the science of our specialty.

The ASCRS Textbook has rapidly become a major resource for training, read by almost 
all trainees interested in our specialty. The purpose of the text was originally to provide a 
standardized reference for evidence-based recommendations, referenced to ASCRS practice 
parameter guidelines were available. The first edition has been downloaded onto the  Web-based 
Colon and Rectal Education System as the reference for all the educational efforts of the 
ASCRS Continuing Medical Education Committee. Our society, as owners and editors of 
the ASCRS Textbook, can be proud to be one of the few national organizations with its own 
comprehensive textbook from which certification and recertification materials can be drawn. 
Using an entire society as the pool of authors, allows the ASCRS Textbook, as much as pos-
sible, to avoid personal bias in the materials presented.

The ASCRS Manual for Residents in training at all levels has also been released this past 
year. The current Editorial Board has condensed the material from each chapter of the first 
Edition of the ASCRS Textbook to provide students and residents rapid access to a succinct, 
distilled version of the ASCRS Textbook. The production of these two educational resources 
adds evidence that the ASCRS is “the” authority on colorectal disease and has within its 
membership individuals who can claim the status of “expert.” Their contribution has made 
the ASCRS Textbook a success and should be considered a major selfless contribution to our 
society and specialty.

As time passes, our specialty and the body of knowledge surrounding it certainly change. 
The existence of this ASCRS Textbook and the mechanism which perpetuates it guaran-
tees that we always have the most up-to-date information available to our members and 
trainees. The proceeds from the sale of the ASCRS Textbook also flow into the Education 
Foundation of the ASCRS to bring independence from outside sponsorship to our national 
meeting. The Executive Council of the ASCRS is fully supportive of this effort by the 
Editorial Board of the ASCRS Textbook and gratefully recognizes their contribution and 
that of the group of experts who provide new and updated chapters for each successive 
edition.
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Please remember the sacrifice of time and effort that made this publication possible. Strive to 
add to the knowledge which one day changes our practice and our specialty. Use this ASCRS 
Textbook to show the world that the ASCRS is THE authority on colorectal disease as we 
improve patient care.

James W. Fleshman, MD  
Senior Editor of the First Edition of the ASCRS  

Textbook of Colon and Rectal Surgery 
Immediate Past President of the American Society of Colon  

and Rectal Surgeons 
Professor of Surgery Washington University in St, Louis
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Anatomy and Embryology
José Marcio Neves Jorge and Angelita Habr-Gama

Although much of our fundamental understanding of the 
anatomy of the colon, rectum, and anus comes from the 
efforts of researchers of the nineteenth and early twentieth 
centuries, comprehensive observations of this region had 
been made as early as 1543 by Andreas Vesalius through 
anatomic dissections.1 However, anatomy of this region, 
especially that of the rectum and anal canal, is so intrinsi-
cally related to its physiology that much can be appreciated 
only in the living. Thus, it is a region in which the surgeon 
has an advantage over the anatomist through in vivo dissec-
tion, physiologic investigation, and endoscopic examination. 
However, anatomy of the pelvis is also challenging to the 
surgeon: the pelvis is a narrow space, packed with intesti-
nal, urologic, gynecologic, vascular, and neural structures, 
all confined within a rigid and deep osseous–muscular cage. 
Therefore, detailed anatomy of this region is difficult to learn 
in the setting of an operating room and it demands not only 
observations in vivo, but historical reviews, anatomy labora-
tory studies, including dissections of humans and animals, 
with in-depth descriptions and drawings and sometimes 
associated with physiologic evaluation. Based on these stud-
ies, some controversial concepts of the anatomy, especially 
of the rectum and anal canal, have been actually changed.2–8 
In addition, virtual reality models have been designed to 
improve visualization of three-dimensional structures and 
more properly teach anatomy, pathology, and surgery of the 
anorectum and pelvic floor.9

Anatomy

Anus and Rectum

Anal Canal Structure, Anus, and Anal Verge

The anal canal is anatomically peculiar and has a complex 
physiology, which accounts for its crucial role in continence 
and, in addition, its susceptibility to a variety of diseases. 
The anus or anal orifice is an anteroposterior cutaneous slit 

that, along with the anal canal, remains virtually closed at 
rest, as a result of tonic circumferential contraction of the 
sphincters and the presence of anal cushions. The edge of 
the anal orifice, the anal verge or margin (anocutaneous line 
of Hilton), marks the lowermost edge of the anal canal and 
is sometimes the level of reference for measurements taken 
during sigmoidoscopy. Others favor the dentate line as a 
landmark because it is more precise. The difference between 
the anal verge and the dentate line is usually 1–2 cm. The 
epithelium distal to the anal verge acquires hair follicles, 
glands, including apocrine glands, and other features of normal 
skin, and is the source of perianal hidradenitis suppurativa, 
inflammation of the apocrine glands.

Anatomic Versus Surgical Anal Canal

Two definitions are found describing the anal canal (Fig  
ure 1-1). The “anatomic” or “embryologic” anal canal is only 
2.0 cm long, extending from the anal verge to the dentate 
line, the level that corresponds to the proctodeal membrane. 
The “surgical” or “functional” anal canal is longer, extend-
ing for approximately 4.0 cm (in men) from the anal verge to 
the anorectal ring (levator ani). This “long anal canal” con-
cept was first introduced by Milligan and Morgan10 and has 
been considered, despite not being proximally marked by 
any apparent epithelial or developmental boundary, useful 
both as a physiologic and surgical parameter. The anorectal 
ring is at the level of the distal end of the ampullary part 
of the rectum and forms the anorectal angle, and the begin-
ning of a region of higher intraluminal pressure. Therefore, 
this definition correlates with digital, manometric, and sono-
graphic examinations.

Anatomic Relations of the Anal Canal

Posteriorly, the anal canal is related to the coccyx and anteri-
orly to the perineal body and the lowest part of the posterior 
vaginal wall in the female, and to the urethra in the male. The 
ischium and the ischiorectal fossa are situated on either side. 
The fossa ischiorectal contains fat and the  inferior  rectal 



2 J.M.N. Jorge and A. Habr-Gama

 vessels and nerves, which cross it to enter the wall of the 
anal canal.

Muscles of the Anal Canal

The muscular component of the mechanism of continence 
can be stratified into three functional groups: lateral compres-
sion from the pubococcygeus, circumferential closure from the 
internal and external anal sphincter, and angulation from 
the puborectalis (Figure 1-2). The internal and external anal 
sphincters, and the conjoined longitudinal are intrinsically 
related to the anal canal, and are addressed here.

Internal Anal Sphincter

The internal anal sphincter represents the distal 2.5- to 4.0-cm 
condensation of the circular muscle layer of the rectum. As a 
consequence of both intrinsic myogenic and extrinsic auto-
nomic neurogenic properties, the internal anal sphincter is 
a smooth muscle in a state of continuous maximal contrac-
tion, and represents a natural barrier to the involuntary loss 
of stool and gas.

The lower rounded edge of the internal anal sphincter can 
be felt on physical examination, about 1.2 cm distal to the 
dentate line. The groove between the internal and external 
anal sphincter, the intersphincteric sulcus, can be visualized 
or easily palpated. Endosonographically, the internal anal 

sphincter is a 2- to 3-mm-thick circular band and shows a 
uniform hypoechogenicity.

External Anal Sphincter

The external anal sphincter is the elliptical cylinder of stri-
ated muscle that envelops the entire length of the inner tube 
of smooth muscle, but it ends slightly more distal than the 
internal anal sphincter. The external anal sphincter was ini-
tially described as encompassing three divisions: subcutane-
ous, superficial, and deep.10 Goligher et al.11 described the 
external anal sphincter as a simple, continuous sheet that 
forms, along with the puborectalis and levator ani, one fun-
nel-shaped skeletal muscle. The deepest part of the exter-
nal anal sphincter is intimately related to the puborectalis 
muscle, which can actually be considered a component of 
both the levator ani and the external anal sphincter muscle 
complexes. Others considered the external anal sphincter 
as being subdivided into two parts, deep (deep sphincter 
and puborectalis) and superficial (subcutaneous and super-
ficial sphincter).6,12,13 Shafik14 proposed the three U-shaped 
loop system, but clinical experience has not supported this 
schema. The external anal sphincter is more likely to be one 
muscle unit, attached by the anococcygeal ligament posteri-
orly to the coccyx, and anteriorly to the perineal body, not 
divided into layers or laminae. Nevertheless, differences in 

Figure 1-1. Anal canal.
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the arrangement of the external anal sphincter have been 
described between the genders.15 In the male, the upper half 
of the external anal sphincter is enveloped anteriorly by the 
conjoined longitudinal muscle, whereas the lower half is 
crossed by it. In the female, the entire external anal sphincter 
is encapsulated by a mixture of fibers derived from both lon-
gitudinal and internal anal sphincter muscles.

Endosonographically, the puborectalis and the external 
anal sphincter, despite their mixed linear echogenicity, are 
both predominantly hyperechogenic, with a mean thickness 
of 6 mm (range, 5–8 mm). Distinction is made by position, 
shape, and topography. Recently, both anal endosonography 
and endocoil magnetic resonance imaging have been used 
to detail the anal sphincter complex in living, healthy sub-
jects.16–19 These tests provide a three-dimensional mapping 
of the anal sphincter; they help to study the differences in the 
arrangement of the external anal sphincter between the sexes 
and uncover sphincter disruption or defect during vaginal 
deliveries. In addition, there is some degree of “anatomical 
asymmetry” of the external anal sphincter, which accounts 
for both radial and longitudinal “functional asymmetry” 
observed during anal manometry.20

The automatic continence mechanism is formed by the 
resting tone, maintained by the internal anal sphincter, mag-
nified by voluntary, reflex, and resting external anal sphincter 
contractile activities. In response to conditions of threatened 
incontinence, such as increased intraabdominal pressure and 
rectal distension, the external anal sphincter and  puborectalis 

reflexively and voluntarily contract further to prevent fecal 
leakage. Because of muscular fatigue, maximal voluntary 
contraction of the external anal sphincter can be sustained 
for only 30–60 s. However, the external anal sphincter and 
the pelvic floor muscles, unlike other skeletal muscles, 
which are usually inactive at rest, maintain unconscious rest-
ing electrical tone through a reflex arc at the cauda equina 
level. Histologic studies have shown that the external anal 
sphincter, puborectalis, and levator ani muscles have a pre-
dominance of type I fibers, which are a peculiarity of skeletal 
muscles connecting tonic contractile activity.21

Conjoined Longitudinal Muscle

Whereas the inner circular layer of the rectum gives rise 
to the internal anal sphincter, the outer longitudinal layer, 
at the level of the anorectal ring, mixes with fibers of the 
levator ani muscle to form the conjoined longitudinal mus-
cle. This muscle descends between the internal and external 
anal sphincter, and ultimately some of its fibers, referred to 
as the corrugator cutis ani muscle, traverse the lowermost 
part of the external anal sphincter to insert into the peria-
nal skin. Some of these fibers may enter the fat of the ischi-
orectal fossa.22 Other sources for the striated component 
of the conjoined longitudinal muscle include the puborec-
talis and deep external anal sphincter, the pubococcygeus 
and top loop of the external anal sphincter, and the lower 
fibers of the  puborectalis.7,23,24 In its descending course, the  

Figure 1-2. Muscles of the anal canal.
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conjoined longitudinal muscle may give rise to medial 
extensions that cross the internal anal sphincter to contrib-
ute the smooth muscle of the submucosa (musculus canalis 
ani, sustentator tunicae mucosae, Treitz muscle, musculus 
submucosae ani).25

Possible functions of the conjoined longitudinal muscle 
include attaching the anorectum to the pelvis and acting as 
a skeleton that supports and binds the internal and external 
sphincter complex together.22 Haas and Fox26 consider that 
the meshwork formed by the conjoined longitudinal muscle 
may minimize functional deterioration of the sphincters after 
surgical division and act as a support to prevent hemorrhoidal 
and rectal prolapse. In addition, the conjoined longitudinal 
muscle and its extensions to the intersphincteric plane divide 
the adjacent tissues into subspaces and may actually have a 
role in the septation of thrombosed external hemorrhoids and 
containment of sepsis.7 Finally, Shafik23 ascribed to the con-
joined longitudinal muscle the action of shortening and wid-
ening of the anal canal as well as eversion of the anal orifice, 
and proposed the controversial term evertor ani muscle. In 
addition to this primary function during defecation, a limited 
role in anal continence, specifically a potentialization effect 
in maintaining an anal seal, has also been proposed.23

Epithelium of the Anal Canal

The lining of the anal canal consists of an upper mucosal 
(endoderm) and a lower cutaneous (ectoderm) segment 
 (Figure 1-1). The dentate (pectinate) line is the “saw-
toothed” junction between these two distinct origins of 
venous and lymphatic drainage, nerve supply, and epithe-
lial lining. Above this level, the intestine is innervated by 
the sympathetic and parasympathetic systems, with venous, 
arterial, and lymphatic drainage to and from the hypogastric 
vessels. Distal to the dentate line, the anal canal is inner-
vated by the somatic nervous system, with blood supply and 
drainage from the inferior hemorrhoidal system. These dif-
ferences are important when the classification and treatment 
of hemorrhoids are considered.

The pectinate or dentate line corresponds to a line of anal 
valves that represent remnants of the proctodeal membrane. 
Above each valve, there is a little pocket known as an anal 
sinus or crypt. These crypts are connected to a variable num-
ber of glands, in average 6 (range, 3–12).27,28 The anal glands 
first described by Chiari in 187829 are more concentrated in 
the posterior quadrants. More than one gland may open into 
the same crypt, whereas half the crypts have no communi-
cation. The anal gland ducts, in an outward and downward 
route, enter the submucosa; two-thirds enter the internal anal 
sphincter, and half of them terminate in the intersphincteric 
plane.28 Obstruction of these ducts, presumably by accumu-
lation of foreign material in the crypts, may lead to perianal 
abscesses and fistulas.30 Cephalad to the dentate line, 8–14 
longitudinal folds, known as the rectal columns (columns of 
Morgagni), have their bases connected in pairs to each valve 
at the dentate line. At the lower end of the columns are the 

anal papillae. The mucosa in the area of the columns consists 
of several layers of cuboidal cells and has a deep purple color 
because of the underlying internal hemorrhoidal plexus. This 
0.5- to 1.0-cm strip of mucosa above the dentate line is known 
as the anal transition or cloacogenic zone. Cephalad to this 
area, the epithelium changes to a single layer of columnar 
cells and macroscopically acquires the characteristic pink 
color of the rectal mucosa.

The cutaneous part of the anal canal consists of modified 
squamous epithelium that is thin, smooth, pale, stretched, 
and devoid of hair and glands. The terms pecten and pecten 
band have been used to define this segment.31 However, as 
pointed out by Goligher, the round band of fibrous tissue 
called pecten band, which is divided in the case of anal fis-
sure (pectenotomy), probably represents the spastic internal 
anal sphincter.11,32

Rectum

Both proximal and distal limits of the rectum are controversial: 
the rectosigmoid junction is considered to be at the level of 
the third sacral vertebra by anatomists but at the sacral prom-
ontory by surgeons, and likewise, the distal limit is regarded 
to be the muscular anorectal ring by surgeons and the dentate 
line by anatomists. The rectum measures 12–15 cm in length 
and has three lateral curves: the upper and lower are convex 
to the right and the middle is convex to the left. These curves 
correspond intraluminally to the folds or valves of Houston. 
The two left-sided folds are usually noted at 7–8 cm and at 
12–13 cm, respectively, and the one on the right is gener-
ally at 9–11 cm. The middle valve (Kohlrausch’s plica) is the 
most consistent in presence and location and corresponds to 
the level of the anterior peritoneal reflection. Although the 
rectal valves do not contain all muscle wall layers from a 
clinical point of view, they are a good location for perform-
ing a rectal biopsies because they are readily accessible with 
minimal risk of perforation.13,33 The valves of Houston must 
be negotiated during proctosigmoidoscopy; they are absent 
after mobilization of the rectum, and this is attributed to the 
5-cm length gained after complete surgical dissection. The 
rectal mucosa is smooth, pink, and transparent, which allows 
visualization of small and large submucosal vessels. This 
characteristic “vascular pattern” disappears in inflammatory 
conditions and in melanosis coli.

The rectum is characterized by its wide, easily distensible 
lumen, and the absence of taeniae, epiploic appendices, haus-
tra, or a well-defined mesentery. The prefix “meso,” in gross 
anatomy, refers to two layers of peritoneum that suspend an 
organ. Normally, the rectum is not suspended but entirely 
extraperitoneal on its posterior aspect, and closely applied 
to the sacral hollow. Consequently, the term “mesorectum” 
is anatomically inaccurate. An exception, however, is that 
a peritonealized mesorectum may be noted in patients with 
procidentia. But, the word “mesorectum” has gained wide-
spread popularity among surgeons to address the  perirectal 
areolar tissue, which is thicker posteriorly, containing  terminal 
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branches of the inferior mesenteric artery and enclosed by 
the fascia propria.34,35 The “mesorectum” may be a metastatic 
site for a rectal cancer and is removed during surgery for rec-
tal cancer without neurologic sequelae because no function-
ally significant nerves pass through it.

The upper third of the rectum is anteriorly and laterally 
invested by peritoneum; the middle third is covered by 
peritoneum on its anterior aspect only. Finally, the lower 
third of the rectum is entirely extraperitoneal because the 
anterior peritoneal reflection occurs at 9.0–7.0 cm from the 
anal verge in men and at 7.5–5.0 cm from the anal verge in 
women.

Anatomic Relations of the Rectum

The rectum occupies the sacral concavity and ends 2–3 cm 
anteroinferiorly from the tip of the coccyx. At this point, it 
angulates backward sharply to pass through the levators and 
becomes the anal canal. Anteriorly, in women, the rectum 
is closely related to the uterine cervix and posterior vaginal 
wall; in men, it lies behind the bladder, vas deferens, seminal 
vesicles, and prostate. Posterior to the rectum lie the median 
sacral vessels and the roots of the sacral nerve plexus.

Fascial Relationships of the Rectum

The parietal endopelvic fascia lines the walls and floor of the 
pelvis and continues on the internal organs as a visceral pel-
vic fascia (Figure 1-3A, B). Thus, the fascia propria of the 
rectum is an extension of the pelvic fascia, enclosing the rec-
tum, fat, nerves, the blood, and lymphatic vessels. It is more 
evident in the posterior and lateral extraperitoneal aspects of 
the rectum.

The lateral ligaments or stalks of the rectum are distal 
 condensations of the pelvic fascia that form a roughly trian-
gular structure with a base on the lateral pelvic wall and an 
apex attached to the lateral aspect of the rectum.32 Still a sub-
ject of misconception, the lateral stalks comprise essentially 
connective tissue and nerves, and the middle rectal artery 
does not traverse them. Branches, however, course through 
in approximately 25% of cases.36 Consequently, division of 
the lateral stalks during rectal mobilization is associated with 
a 25% risk of bleeding. Although the lateral stalks do not 
contain important structures, the middle rectal artery and the 
pelvic plexus are both closely related, running, at different 
angles, underneath it.37 One theoretical concern in ligation of 
the stalks is leaving behind lateral mesorectal tissue, which 
may limit adequate lateral or mesorectal margins during can-
cer surgery.34,35,38

The presacral fascia is a thickened part of the parietal 
endopelvic fascia that covers the concavity of the sacrum and 
coccyx, nerves, the middle sacral artery, and presacral veins. 
Operative dissection deep to the presacral fascia may cause 
troublesome bleeding from the underlying presacral veins. 
Presacral hemorrhage occurs as frequently as 4.6–7.0% of 
resections for rectal neoplasms, and despite its venous nature, 
can be life threatening.39–41 This is a consequence of two fac-
tors: the difficulty in securing control because of retraction 
of the vascular stump into the sacral foramen and the high 
hydrostatic pressure of the presacral venous system. The pre-
sacral veins are avalvular and communicate via basivertebral 
veins with the internal vertebral venous system. The adven-
titia of the basivertebral veins adheres firmly to the sacral 
periosteum at the level of the ostia of the sacral foramina, 
mainly at the level of S3-4. With the patient in the lithotomy 

Figure 1-3. Fascial relationships of the rectum: A male, B female.
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position, the presacral veins can attain hydrostatic pressures 
of 17–23 cm H

2
O, two to three times the normal pressure of 

the inferior vena cava.40

The rectosacral fascia is an anteroinferiorly directed thick 
fascial reflection from the presacral fascia at the S-4 level 
to the fascia propria of the rectum just above the anorectal 
ring.42 The rectosacral fascia, classically known as the fascia 
of Waldeyer, is an important landmark during posterior rec-
tal dissection.2,42

The visceral pelvic fascia of Denonvilliers is a tough fas-
cial investment that separates the extraperitoneal rectum 
anteriorly from the prostate and seminal vesicles or vagina.43 
Therefore, three structures lie between the anterior rectal wall 
and the seminal vesicles and prostate: anterior mesorectum, 
fascia propria of the rectum, and Denonvilliers’ fascia. A 
consensus has generally been reached about the anatomy of 
the plane of posterior and lateral rectal dissection, but ante-
riorly, the matter is more controversial. The anterior plane of 
rectal dissection may not necessarily follow the same plane 
of posterior and lateral dissection, and the use of the terms 
close rectal, mesorectal, and extramesorectal have been 
recently suggested to describe the available anterior planes.44 
The close rectal or perimuscular plane lies inside the fascia 
propria of the rectum, and therefore it is more difficult and 
bloody than the mesorectal plane. The mesorectal plane rep-
resents the continuation of the same plane of posterior and 
lateral dissection of the rectum. This is a natural anatomic 
plane and consequently more appropriate for most rectal 
cancers. Finally, the extramesorectal plane involves resec-
tion of the Denonvilliers’ fascia, with the exposure of pros-
tate and seminal vesicles, and is associated with high risk of 
mixed parasympathetic and sympathetic injury because of 
damage of the periprostatic plexus.

Urogenital Considerations

Identification of the ureters is advisable to avoid injury to 
their abdominal or pelvic portions during colorectal opera-
tions. On both sides, the ureters rest on the psoas muscle in 
their inferomedial course; they are crossed obliquely by the 
spermatic vessels anteriorly and the genitofemoral nerve pos-
teriorly. In its pelvic portion, the ureter crosses the pelvic brim 
in front of or a little lateral to the bifurcation of the common 
iliac artery, and descends abruptly between the peritoneum 
and the internal iliac artery. Before entering the bladder in 
the male, the vas deferens crosses lateromedially on its supe-
rior aspect. In the female, as the ureter traverses the posterior 
layer of the broad ligament and the parametrium close to the 
side of the neck of the uterus and upper part of the vagina, it 
is enveloped by the vesical and vaginal venous plexuses and 
is crossed above and lateromedially by the uterine artery.

Arterial Supply of the Rectum and Anal Canal

The superior hemorrhoidal artery is the continuation of the 
inferior mesenteric artery, once it crosses the left iliac ves-
sels. The artery descends in the sigmoid mesocolon to the 

level of S-3 and then to the posterior aspect of the rectum. 
In 80% of cases, it bifurcates into right, usually wider, and 
left terminal branches; multiple branches are present in 
17%.45 These divisions, once within the submucosa of the 
rectum, run straight downward to supply the lower rectum 
and the anal canal. Approximately five branches reach the 
level of the rectal columns, and condense in capillary plex-
uses, mostly at the right posterior, right anterior, and left 
lateral positions, corresponding to the location of the major 
internal hemorrhoidal groups.

The superior and inferior hemorrhoidal arteries represent 
the major blood supply to the anorectum. In addition, it is 
also supplied by the internal iliac arteries.

The contribution of the middle hemorrhoidal artery varies 
with the size of the superior hemorrhoidal artery; this may 
explain its controversial anatomy. Some authors report the 
absence of the middle hemorrhoidal artery in 40–88%46,47, 
whereas others identify it in 94–100% of specimens.45 It 
originates more frequently from the anterior division of the 
internal iliac or the pudendal arteries, and reaches the rectum. 
The middle hemorrhoidal artery reaches the lower third of 
the rectum anterolaterally, close to the level of the pelvic 
floor and deep to the levator fascia. It therefore does not run 
in the lateral ligaments, which are inclined posterolaterally.2 
The middle hemorrhoidal artery is more prone to be injured 
during low anterior resection, when anterolateral dissection 
of the rectum is performed close to the pelvic floor and the 
prostate and seminal vesicles or upper part of the vagina are 
being separated.37 The anorectum has a profuse intramural 
anastomotic network, which probably accounts for the fact 
that division of both superior and middle hemorrhoidal arter-
ies does not result in necrosis of the rectum.

The paired inferior hemorrhoidal arteries are branches of 
the internal pudendal artery, which in turn is a branch of the 
internal iliac artery. The inferior hemorrhoidal artery arises 
within the pudendal canal and is throughout its course entirely 
extrapelvic. It traverses the obturator fascia, the ischiorectal 
fossa, and the external anal sphincter to reach the submu-
cosa of the anal canal, ultimately ascending in this plane. 
Klosterhalfen et al.4 performed postmortem angiographic, 
manual, and histologic evaluations and demonstrated that 
in 85% of cases the posterior commissure was less well 
 perfused than were the other sections of the anal canal. In 
addition, the blood supply could be jeopardized by contusion 
of the vessels passing vertically through the muscle fibers 
of the internal anal sphincter with increased sphincter tone. 
The resulting decreased blood supply could lead to ischemia 
at the posterior commissure, in a pathogenetic model of 
 primary anal fissure.

Venous Drainage and Lymphatic Drainage  
of the Rectum and Anal Canal

The anorectum also drains, via middle and inferior hemor-
rhoidal veins, to the internal iliac vein and then to the infe-
rior vena cava. Although it is still a controversial subject, 
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the presence of communications among these three venous 
systems may explain the lack of correlation between por-
tal hypertension and hemorrhoids.48 The paired inferior and 
middle hemorrhoidal veins and the single superior hemor-
rhoidal vein originate from three anorectal arteriovenous 
plexuses. The external hemorrhoidal plexus, situated subcu-
taneously around the anal canal below the dentate line, con-
stitutes when dilated the external hemorrhoids. The internal 
hemorrhoidal plexus is situated submucosally, around the 
upper anal canal and above the dentate line. The internal 
hemorrhoids originate from this plexus. The perirectal or 
perimuscular rectal plexus drains to the middle and inferior 
hemorrhoidal veins.

Lymph from the upper two-thirds of the rectum drains 
exclusively upward to the inferior mesenteric nodes and then 
to the paraaortic nodes. Lymphatic drainage from the lower 
third of the rectum occurs not only cephalad, along the supe-
rior hemorrhoidal and inferior mesentery arteries, but also 
laterally, along the middle hemorrhoidal vessels to the inter-
nal iliac nodes. Studies using lymphoscintigraphy have failed 
to demonstrate communications between inferior mesenteric 
and internal iliac lymphatics.49 In the anal canal, the dentate 
line is the landmark for two different systems of lymphatic 
drainage: above, to the inferior mesenteric and internal iliac 
nodes, and below, along the inferior rectal lymphatics to 
the superficial inguinal nodes, or less frequently along the 
inferior hemorrhoidal artery. In the female, drainage at 5 cm 
above the anal verge in the lymphatic may also spread to the 
posterior vaginal wall, uterus, cervix, broad ligament, fal-
lopian tubes, ovaries, and cul-de-sac, and at 10 cm above the 
anal verge, spread seems to occur only to the broad ligament 
and cul-de-sac.50

Innervation of the Rectum and Anal Canal

Innervation of the Rectum

The sympathetic supply of the rectum and the left colon 
arises from L-1, L-2, and L-3 (Figure 1-4A, B). Pregangli-
onic fibers, via lumbar sympathetic nerves, synapse in the 
preaortic plexus, and the postganglionic fibers follow the 
branches of the inferior mesenteric artery and superior rectal 
artery to the left colon and upper rectum. The lower rectum 
is innervated by the presacral nerves, which are formed by 
fusion of the aortic plexus and lumbar splanchnic nerves. 
Just below the sacral promontory, the presacral nerves form 
the hypogastric plexus (or superior hypogastric plexus). Two 
main hypogastric nerves, on either side of the rectum, carry 
sympathetic innervation from the hypogastric plexus to the 
pelvic plexus. The pelvic plexus lies on the lateral side of the 
pelvis at the level of the lower third of the rectum, adjacent 
to the lateral stalks.

The parasympathetic fibers to the rectum and anal canal 
emerge through the sacral foramen are called the nervi eri-
gentes (S-2, S-3, and S-4). They pass laterally, forward, and 
upward to join the sympathetic hypogastric nerves at the pel-
vic plexus. From the pelvic plexus, combined  postganglionic 

parasympathetic and sympathetic fibers are distributed to 
the left colon and upper rectum via the inferior mesenteric 
plexus, and directly to the lower rectum and upper anal canal. 
The periprostatic plexus, a subdivision of the pelvic plexus 
situated on Denonvilliers’ fascia, supplies the prostate, 
seminal vesicles, corpora cavernosa, vas deferens, urethra, 
ejaculatory ducts, and bulbourethral glands. Sexual function 
is regulated by cerebrospinal, sympathetic, and parasympa-
thetic components. Erection of the penis is mediated by both 
parasympathetic (arteriolar vasodilatation) and sympathetic 
inflow (inhibition of vasoconstriction).

All pelvic nerves lie in the plane between the peritoneum 
and the endopelvic fascia and are in danger of injury during 
rectal dissection. Permanent bladder paresis occurs in 7–59% 
of patients after abdominoperineal resection of the rectum51; 
the incidence of impotence is reported to range from 15 to 
45%, and that of ejaculatory dysfunction from 32 to 42%.52 
The overall incidence of sexual dysfunction after proctec-
tomy has been reported to reach 100% when wide dissection 
is performed for malignant disease53–55; however, this kind 
of procedure is unnecessary and these rates are much lower 
for benign conditions, such as inflammatory bowel disease 
(0–6%).53,54,56,57 Dissections performed for benign conditions 
are undertaken closer to the bowel wall, thus reducing the 
possibility of nerve injury.58

Trauma to the autonomic nerves may occur at several 
points. During high ligation of the inferior mesenteric artery, 
close to the aorta, the sympathetic preaortic nerves may be 
injured. Division of both superior hypogastric plexus and 
hypogastric nerves may occur also during dissection at the 
level of the sacral promontory or in the presacral region. In 
such circumstances, sympathetic denervation with intact 
nervi erigentes results in retrograde ejaculation and bladder 
dysfunction. The nervi erigentes are located in the postero-
lateral aspect of the pelvis, and at the point of fusion with the 
sympathetic nerves are closely related to the middle hemor-
rhoidal artery. Injury to these nerves completely abolishes 
erectile function.56 The pelvic plexus may be damaged either 
by excessive traction on the rectum, particularly laterally, or 
during division of the lateral stalks when this is performed 
close to the lateral pelvic wall. Finally, dissection near the 
seminal vesicles and prostate may damage the periprostatic 
plexus, leading to a mixed parasympathetic and sympathetic 
injury. This can result in erectile impotence as well as a flac-
cid, neurogenic bladder. Sexual complications after rectal 
surgery are readily evident in men but are probably under-
diagnosed in women.59

Anal Canal

The internal anal sphincter is supplied by sympathetic (L-5) 
and parasympathetic nerves (S-2, S-3, and S-4) following 
the same route as the nerves to the rectum. The external 
anal sphincter is innervated on each side by the inferior rec-
tal branch of the pudendal nerve (S-2 and S-3) and by the 
perineal branch of S-4. Despite the fact that the puborectalis  



Figure 1-4. A, B Innervation of the colon, rectum, and anal canal.
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and external anal sphincter have somewhat different 
 innervations, these muscles seem to act as an indivisible 
unit.14 After unilateral transection of a pudendal nerve, exter-
nal anal sphincter function is still preserved because of the 
crossover of the fibers at the spinal cord level.

Anal sensation is carried in the inferior rectal branch of 
the pudendal nerve and is thought to have a role in main-
tenance of anal continence. The upper anal canal contains 
a rich profusion of both free and organized sensory nerve 
endings, especially in the vicinity of the anal valves.60 Orga-
nized nerve endings include Meissner’s corpuscles (touch), 
Krause’s bulbs (cold), Golgi-Mazzoni bodies (pressure), and 
genital corpuscles (friction).

Anorectal Spaces

The potential spaces of clinical significance in close relation 
to the anal canal and rectum include: ischiorectal, perianal, 
intersphincteric, submucosal, superficial postanal, deep post-
anal, supralevator, and retrorectal spaces (Figure 1-5A, B).

The ischiorectal fossa is subdivided by a thin horizontal 
fascia into two spaces: the perianal and ischiorectal. The 
ischiorectal space comprises the upper two-thirds of the ischi-
orectal fossa. It is pyramid-shaped, situated on both sides 
between the anal canal and the lower part of the rectum 
medially, and the side wall of the pelvis laterally.61 The apex 
is at the origin of the levator ani muscle from the obturator 
fascia; the base is the perianal space. Anteriorly, the fossa is 
bounded by the urogenital diaphragm and transversus perinei 
muscle. Posterior to the ischiorectal fossa is the sacrotuber-
ous ligament and the inferior border of the gluteus maximus. 
On the superolateral wall, the pudendal nerve and the inter-
nal pudendal vessels run in the pudendal canal (Alcock’s 
canal). The ischiorectal fossa contains fat and the inferior 
rectal vessels and nerves.

The perianal space surrounds the lower part of the anal 
canal and contains the external hemorrhoidal plexus, the 
subcutaneous part of the external anal sphincter, the lowest 
part of the internal anal sphincter, and fibers of the longitudi-
nal muscle. This space is the typical site of anal hematomas, 
perianal abscesses, and anal fistula tracts. The perianal space 
is continuous with the subcutaneous fat of the buttocks lat-
erally and extends into the intersphincteric space medially. 
The intersphincteric space is a potential space between the 
internal and external anal sphincters. It is important in the 
genesis of perianal abscess because most of the anal glands 
end in this space. The submucous space is situated between 
the internal anal sphincter and the mucocutaneous lining of 
the anal canal. This space contains the internal hemorrhoidal 
plexus and the muscularis submucosae ani. Above, it is con-
tinuous with the submucous layer of the rectum, and, inferi-
orly, it ends at the level of the dentate line.

The superficial postanal space is interposed between 
the anococcygeal ligament and the skin. The deep postanal 
space, also known as the retro-sphincteric space of  Courtney, 

is situated between the anococcygeal ligament and the 
 anococcygeal raphe. Both postanal spaces communicate 
posteriorly with the ischiorectal fossa and are the sites of 
horseshoe abscesses.

The supralevator spaces are situated between the peri-
toneum superiorly and the levator ani inferiorly. Medially, 
these bilateral spaces are limited by the rectum, and laterally 
by the obturator fascia. Supralevator abscesses may occur 
as a result of upward extension of a cryptoglandular infec-
tion or develop from a pelvic origin. The retrorectal space is 
located between the fascia propria of the rectum anteriorly 
and the presacral fascia posteriorly. Laterally are the lateral 
rectal ligaments and inferiorly the rectosacral ligament, and 
above the space is continuous with the retroperitoneum. The 
retrorectal space is a site for embryologic remnants and rare 
presacral tumors.

Pelvic floor Musculature

The muscles within the pelvis can be divided into three cat-
egories: (1) the anal sphincter complex; (2) pelvic floor mus-
cles; and (3) muscles that line the sidewalls of the osseous 
pelvis.61 Muscles in this last category form the external 
boundary of the pelvis and include the obturator internus 
and piriform. These muscles, compared with the other two 
groups, lack clinical relevance to anorectal diseases; how-
ever, they provide an open communication for pelvic infec-
tion to reach extrapelvic spaces. For example, infection from 
the deep postanal space, originated from posterior midline 
glands, can track along the obturator internus fascia and 
reach the ischiorectal fossa.

The anal sphincter and pelvic floor muscles, based on 
phylogenetic studies, derive from two embryonic cloaca 
groups, respectively, sphincteric and lateral compressor.62 
The sphincteric group is present in almost all animals. In 
mammals, this group is divided into ventral (urogenital) and 
dorsal (anal) components.63 In primates, the latter compo-
nents form the external anal sphincter. The lateral compres-
sor or pelvicaudal group connects the rudimentary pelvis to 
the caudal end of the vertebral column. This group is more 
differentiated and subdivided into lateral and medial com-
partments only in reptiles and mammals. The homolog of 
the lateral compartment is the ischiococcygeus, and of the 
medial, pelvicaudal compartment, the pubococcygeus and 
ileococcygeus. In addition, most primates possess a variably 
sized group of muscle fibers close to the inner border of the 
medial pelvicaudal muscle, which attaches the rectum to the 
pubis. In humans, the fibers are more distinct and known as 
the puborectalis muscle.

Levator Ani

The levator ani muscle, or pelvic diaphragm, is the major 
component of the pelvic floor. It is a pair of broad,  symmetric 
sheets composed of three striated muscles: ileococcygeus, 
pubococcygeus, and puborectalis (Figure 1-6A, B). A  variable 
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Figure 1-5. Paraanal and pararectal spaces. A Frontal view. B Lateral view.
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fourth component, the ischiococcygeus or coccygeus, is 
 rudimentary in humans and represented by only a few muscle 
fibers on the surface of the sacrospinous ligament. The levator 
ani is supplied by sacral roots on its pelvic surface (S-2, S-3, 
and S-4) and by the perineal branch of the pudendal nerve 
on its inferior surface. The puborectalis muscle receives 
additional innervation from the inferior rectal nerves.

The ileococcygeus muscles arise from the ischial spine 
and posterior part of the obturator fascia and course inferi-
orly and medially to insert into the lateral aspects of S-3 and 
S-4, the coccyx, and the anococcygeal raphe. The pubococ-
cygeus arises from the posterior aspect of the pubis and the 
anterior part of the obturator fascia; it runs dorsally alongside 
the anorectal junction to decussate with fibers of the opposite 

Figure 1-6. Levator ani muscle. A Superior. B Inferior surface.
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side at the anococcygeal raphe and insert into the anterior 
surface of the fourth sacral and first coccygeal segments.

The pelvic floor is “incomplete” in the midline where the 
lower rectum, urethra, and either the dorsal vein of the penis 
in men, or the vagina in women, pass through it. This defect 
is called the levator hiatus and consists of an elliptic space 
situated between the two pubococcygeus muscles. The hiatal 
ligament, originating from the pelvic fascia, keeps the intra-
hiatal viscera together and prevents their constriction during 
contraction of the levator ani. A possible (but controversial) 
dilator function has been attributed to the anococcygeal 
raphe because of its crisscross arrangement.14

The puborectalis muscle is a strong, U-shaped loop of stri-
ated muscle that slings the anorectal junction to the poste-
rior aspect of the pubis (Figure 1-7). The puborectalis is the 
most medial portion of the levator ani muscle. It is situated 
immediately cephalad to the deep component of the external 
sphincter. Because the junction between the two muscles is 
indistinct and they have similar innervation (pudendal nerve), 
the puborectalis has been regarded by some authors as a part 
of the external anal sphincter and not of the levator ani com-
plex.14,15 Anatomic and phylogenetic studies suggest that the 
puborectalis may be a part of the levator ani63 or of the exter-
nal anal sphincter.24,62 Embryologically, the puborectalis has 
a common primordium with the ileococcygeus and pubococ-
cygeus muscles, and it is never connected with the external 
anal sphincter during the different stages of development.6 In 
addition, neurophysiologic studies have implied that the inner-
vation of these muscles may not be the same because stimula-
tion of the sacral nerves results in  electromyographic activity 

in the  ipsilateral puborectalis muscle but not in the external 
anal sphincter.64 Currently, because of this controversy, the 
puborectalis has been considered to belong to both muscular 
groups, the external anal sphincter and the levator ani.65

The Anorectal Ring and the Anorectal Angle

Two anatomic structures of the junction of the rectum and 
anal canal are related to the puborectalis muscle: the anorec-
tal ring and the anorectal angle. The anorectal ring, a term 
coined by Milligan and Morgan10 is a strong muscular ring 
that represents the upper end of the sphincter, more precisely 
the puborectalis, and the upper border of the internal anal 
sphincter, around the anorectal junction. Despite its lack of 
embryologic significance, it is an easily recognized bound-
ary of the anal canal appreciated on physical examination, 
and it is of clinical relevance because division of this struc-
ture during surgery for abscesses or fistula inevitably results 
in fecal incontinence.

The anorectal angle is thought to be the result of the ana-
tomic configuration of the U-shaped sling of puborectalis 
muscle around the anorectal junction. Whereas the anal 
sphincters are responsible for the closure of the anal canal 
to retain gas and liquid stool, the puborectalis muscle and 
the anorectal angle are designed to maintain gross fecal con-
tinence. Different theories have been postulated to explain 
the importance of the puborectalis and the anorectal angle 
in the maintenance of fecal continence. Parks et al.66 opined 
that increasing intraabdominal pressure forces the anterior 
rectal wall down into the upper anal canal, occluding it by 

Figure 1-7. The anteriorly directed pull of the puborectalis contributes to the angulation between the rectum and anal canal, the anorectal 
angle.
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a type of flap valve mechanism that creates an effective 
seal.  Subsequently, it has been demonstrated that the flap 
mechanism does not occur. Instead, a continuous sphincteric 
occlusion-like activity that is attributed to the puborectalis 
is noted.67,68

Colon

General Considerations

The colon is a capacious tube that roughly surrounds the 
loops of small intestine as an arch. Named from the Greek 
koluein (“to retard”), the colon is variable in length, averag-
ing approximately 150 cm, which corresponds to one-quarter 
the length of the small intestine. Its diameter can be substan-
tially augmented by distension – it gradually decreases from 
7.5 cm at the cecum to 2.5 cm at the sigmoid. In humans, 
the colon is described to be somewhere between the short, 
straight type with a rudimentary cecum, such as that of the 
carnivores, and a long sacculated colon with a capacious 
cecum, such as that of the herbivores.

Anatomic differences between the small and large intes-
tines include position, caliber, degree of fixation, and, in the 
colon, the presence of three distinct characteristics: the tae-
niae coli, the haustra, and the appendices epiploicae. The three 
taeniae coli, anterior (taenia libera), posteromedial (taenia 
mesocolica), and posterolateral (taenia omentalis), represent 
bands of the outer longitudinal coat of muscle that traverse 
the colon from the base of the appendix to the rectosigmoid 
junction, where they merge. The muscular longitudinal layer 
is actually a complete coat around the colon, although it is 
considerably thicker at the taeniae.69 The haustra or haus-
tral sacculations are outpouchings of bowel wall between 
the taeniae; they are caused by the relative shortness of the 
taeniae, about one-sixth shorter than the length of the bowel 
wall.13 The haustra are separated by the plicae semilunares or 
crescentic folds of the bowel wall, which give the colon its 
characteristic radiographic appearance when filled with air 
or barium. The appendices epiploicae are small appendages 
of fat that protrude from the serosal aspect of the colon.

Cecum

The cecum is the sacculated segment (Latin caecus, “blind”) 
of the large bowel that projects downward as a 6- to 8-cm 
blind pouch below the entrance of the ileum. Usually situ-
ated in the right iliac fossa, the cecum is almost entirely or at 
least in its lower half, invested with peritoneum. However, its 
mobility is usually limited by a small mesocecum. The ileum 
terminates in the posteromedial aspect of the cecum; the 
angulation between these two structures is maintained by the 
superior and inferior ileocecal ligaments. These ligaments, 
along with the mesentery of the appendix, form three perice-
cal recesses or fossae: superior ileocecal, inferior ileocecal, 
and retrocecal. Viewed from the cecal lumen, the ileocecal 
junction is represented by a narrow, transversely situated, 

slit-like opening known as the ileocecal valve or the valve de 
Bauhin. At either end, the two prominent semilunar lips of 
the valve fuse and continue as a single frenulum of mucosa. 
A circular sphincter, the ileocecal sphincter, originates from 
a slight thickening of the muscular layer of the terminal 
ileum. A competent ileocecal valve is related to the critical 
closed-loop type of colonic obstruction. However, ileocecal 
competence is not always demonstrated on barium enema 
studies. Instead of preventing reflux of colonic contents into 
the ileum, the ileocecal valve regulates ileal emptying. The 
ileocecal sphincter seems to relax in response to the entrance 
of food into the stomach.70 As in the gastroesophageal junc-
tion, extrasphincteric factors such as the ileocecal angulation 
apparently have a role in the prevention of reflux from the 
colon to the ileum.71

Appendix

The vermiform appendix is an elongated diverticulum that 
arises from the posteromedial aspect of the cecum about 
3.0 cm below the ileocecal junction. Its length varies from 2 
to 20 cm (mean, 8–10 cm), and it is approximately 5 mm in 
diameter. The appendix, because of its great mobility, may 
occupy a variety of positions, possibly at different times in 
the same individual. It has been estimated that in 85–95% of 
cases, the appendix lies posteromedial on the cecum toward 
the ileum, but other positions include retrocecal, pelvic, sub-
cecal, preileal and retroileal.72–74 The confluence of the three 
taeniae is a useful guide in locating the base of the appendix. 
The mesoappendix, a triangular fold attached to the posterior 
leaf of the mesentery of the terminal ileum, usually contains 
the appendicular vessels close to its free edge.

Ascending Colon

The ascending colon is approximately 15 cm long. It ascends, 
from the level of the ileocecal junction to the right colic or 
hepatic flexure, laterally to the psoas muscle and anteriorly 
to the iliacus, the quadratus lumborum, and the lower pole 
of the right kidney. The ascending colon is covered with 
peritoneum anteriorly and on both sides. In addition, fragile 
adhesions between the right abdominal wall and its anterior 
aspect, known as Jackson’s membrane, may be present. Like 
the descending colon on its posterior surface, the ascending 
colon is devoid of peritoneum, which is instead replaced by 
an areolar tissue (fascia of Toldt) resulting from an embryo-
logic process of fusion or coalescence of the mesentery to 
the posterior parietal peritoneum. In the lateral peritoneal 
reflection, this process is represented by the white line of 
Toldt, which is more evident at the descending-sigmoid 
junction. This line serves as a guide for the surgeon when 
the ascending, descending, or sigmoid colon is mobilized. At 
the visceral surface of the right lobe of the liver and lateral to  
the gallbladder, the ascending colon turns sharply medially 
and slightly caudad and ventrally to form the right colic 
(hepatic) flexure. This flexure is supported by the  nephrocolic 
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ligament and lies immediately ventral to the lower part of 
the right  kidney and over the descending duodenum.

Transverse Colon

The transverse colon is approximately 45 cm long, the longest 
segment of the large bowel. It crosses the abdomen, with an 
inferior curve immediately caudad to the greater curvature of 
the stomach. The transverse colon is relatively fixed at each 
flexure, and, in between, it is suspended by a 10- to 15-cm-
wide area which provides variable mobility; the nadir of the 
transverse colon may reach the hypogastrium. The transverse 
colon is completely invested with peritoneum, but the greater 
omentum is fused on its anterosuperior aspect. The left colic 
or splenic flexure is situated beneath the lower angle of the 
spleen and firmly attached to the diaphragm by the phreno-
colic ligament, which also forms a shelf to support the spleen. 
Because of the risk of hemorrhage, mobilization of the splenic 
flexure should be approached with great care, preceded by 
dissection upward along the descending colon and medially 
to laterally along the transverse colon toward the splenic flex-
ure. This flexure, when compared with the hepatic flexure, is 
more acute, higher, and more deeply situated.

Descending Colon

The descending colon courses downward from the splenic 
flexure to the brim of the true pelvis, a distance of approxi-
mately 25 cm.32 Similarly to the ascending colon, the 
descending colon is covered by peritoneum only on its ante-
rior and lateral aspects. Posteriorly, it rests directly against 
the left kidney and the quadratus lumborum and transversus 
abdominis muscles. However, the descending colon is nar-
rower and more dorsally situated than the ascending colon.

Sigmoid Colon

The sigmoid colon is commonly a 35- to 40-cm-long, 
mobile, omega-shaped loop completely invested by peri-
toneum; however, it varies greatly in length and configu-
ration. The mesosigmoid is attached to the pelvic walls in 
an inverted V shape, resting in a recess known as the inter-
sigmoid fossa. The left ureter lies immediately underneath 
this fossa and is crossed on its anterior surface by the sper-
matic, left colic, and sigmoid vessels. Both the anatomy and 
function of the rectosigmoid junction have been matters of 
substantial controversy. As early as 1833, it was postulated 
that the sigmoid could have a role in continence as the fecal 
reservoir, based on the observation that the rectum is usu-
ally emptied and contracted.74 Since then, a thickening of the 
circular muscular layer between the rectum and sigmoid has 
been described and diversely termed the sphincter ani tertius, 
rectosigmoid sphincter, and pylorus sigmoidorectalis, and it 
has probably been mistaken for one of the transverse folds 
of the rectum.75–79 The rectosigmoid junction has been fre-
quently regarded by surgeons as an indistinct zone, a region 

comprising the last 5–8 cm of sigmoid and the uppermost 
5 cm of the rectum.32,80 However, others have considered it 
a clearly defined segment because it is the narrowest por-
tion of the large intestine; in fact, it is usually characterized 
endoscopically as a narrow and sharply angulated segment.81 
According to a study in human cadavers, the rectosigmoid 
junction, macroscopically identified as the point where the 
taenia libera and the taenia omentalis fuse to form a single 
anterior taenia and where both haustra and mesocolon termi-
nate, is situated 6–7 cm below the sacral promontory.5 With 
microdissection, this segment is characterized by conspicu-
ous strands of longitudinal muscle fibers and the presence 
of curved interconnecting fibers between the longitudinal 
and circular muscle layers, resulting in a delicate syncytium 
of smooth muscle that allows synergistic interplay between 
the two layers. The rectosigmoid does not fit the anatomic 
definition of a sphincter as “a band of thickened circular 
muscle that closes the lumen by contraction and of a lon-
gitudinal muscle that dilates it”; however, this segment may 
be regarded as a functional sphincter because mechanisms 
of active dilation and passive “kinking” occlusion do exist.81

Blood Supply

The superior and inferior mesenteric arteries nourish the entire 
large intestine, and the limit between the two territories is the 
junction between the proximal two-thirds and the distal third 
of the transverse colon. This represents the embryologic divi-
sion between the midgut and the hindgut. The superior mes-
enteric artery originates from the aorta behind the superior 
border of the pancreas at L-1 and supplies the cecum, appen-
dix, ascending colon, and most of the transverse colon. After 
passing behind the neck of the pancreas and anteromedial to 
the uncinate process, the superior mesenteric artery crosses 
the third part of the duodenum and continues downward and 
to the right along the base of the mesentery. From its left side 
arises a series of 12–20 jejunal and ileal branches. From its 
right side arise the colic branches: middle, right, and ileo-
colic arteries. The ileocolic, the most constant of these ves-
sels, bifurcates into a superior or ascending branch, which 
communicates with the descending branch of the right colic 
artery, and an inferior or descending branch, which gives off 
the anterior cecal, posterior cecal, and appendicular and ileal 
divisions.82 The right colic artery may also arise from the 
ileocolic or middle colic arteries and is absent in 2–18% of 
specimens.45,82,83 It supplies the ascending colon and hepatic 
flexure through its ascending and descending branches, both 
of them joining with neighboring vessels to contribute to the 
marginal artery. The middle colic artery is the highest of the 
three colic branches of the superior mesenteric artery, arising 
close to the inferior border of the pancreas. Its right branch 
supplies the right transverse colon and hepatic flexure, anas-
tomosing with the ascending branch of the right colic artery. 
Its left branch supplies the distal half of the transverse colon. 
 Anatomic variations of this artery include the absence in 
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4–20% of cases and the presence of an accessory middle 
colic artery in 10%; the middle colic artery can be the main 
supply to the splenic flexure in about 33% of cases.82,84

The inferior mesenteric artery originates from the left 
anterior surface of the aorta, 3–4 cm above its bifurcation 
at the level of L2-3, and runs downward and to the left to 
enter the pelvis. Within the abdomen, the inferior mesenteric 
artery branches into the left colic artery and two to six sig-
moidal arteries. After crossing the left common iliac artery, 
it acquires the name superior hemorrhoidal artery (superior 
rectal artery). The left colic artery, the highest branch of 
the inferior mesenteric artery, bifurcates into an ascending 
branch, which runs upward to the splenic flexure to contrib-
ute to the arcade of Riolan, and a descending branch, which 
supplies most of the descending colon. The sigmoidal arter-
ies form arcades within the sigmoid mesocolon, resembling 
the small-bowel vasculature, and anastomose with branches 
of the left colic artery proximally, and with the superior 
hemorrhoidal artery distally. The marginal artery terminates 
within the arcade of sigmoidal arteries. The superior hem-
orrhoidal artery is the continuation of the inferior mesen-
teric artery, once it crosses the left iliac vessels. The artery 
descends in the sigmoid mesocolon to the level of S-3 and 
then to the posterior aspect of the rectum. In 80% of cases, 
it bifurcates into right and left terminal branches; multiple 
branches are present in 17%.45 These divisions, once within 
the submucosa of the rectum, run straight downward to sup-
ply the lower rectum and the anal canal.

The venous drainage of the large intestine basically fol-
lows its arterial supply. Blood from the right colon, via the 
superior mesenteric vein, and from left colon and rectum, via 
the inferior mesenteric vein, reaches the intrahepatic capil-
lary bed through the portal vein.

Collateral Circulation

The anatomy of the mesenteric circulation is still a matter 
of controversy, and this may in part be related to the inher-
ent confusion of the use of eponyms. The central anasto-
motic artery connecting all colonic mesenteric branches, 
first described by Haller85 in 1786, later became known as 
the marginal artery of Drummond because this author was 
the first to demonstrate its surgical significance (1913).86,87 
Subsequently, discontinuity of the marginal artery has been 
shown at the lower ascending colon, and especially at the left 
colic flexure and the sigmoid colon. This potential hypovas-
cularity is a source of concern during colonic resection. The 
splenic flexure comprises the watershed between midgut and 
hindgut supplies (Griffiths’ critical point); this anastomosis 
is of variable magnitude, and it may be absent in about 50% 
of cases.88 For this reason, ischemic colitis usually affects or 
is most severe near the splenic flexure.89,90 Another potential 
area of discontinuity of the marginal artery is the Sudeck’s 
critical point, situated between the lowest sigmoid and the 
superior hemorrhoidal arteries; however, surgical experience 

and radiological studies have both demonstrated adequate 
communications between these vessels.91 There is also a 
collateral network involving middle hemorrhoidal, internal 
iliac, and external iliac arteries which could potentially pre-
vent gangrene of the pelvis and even the lower extremities in 
case of occlusion of the distal aorta.92,93

The term arc of Riolan was vaguely defined as the commu-
nication between superior and inferior mesenteric arteries in 
the author’s original work. Later, the eponym marginal artery 
of Drummond confused the subject.94 In 1964, Moskowitz 
et al.95 proposed another term, meandering mesenteric artery, 
and differentiated it from the marginal artery of Drummond. 
The meandering mesenteric artery is a thick and tortuous ves-
sel that makes a crucial communication between the middle 
colic artery and the ascending branch of the left colic artery, 
especially in advanced atherosclerotic disease.94 The pres-
ence of the meandering mesenteric artery indicates severe 
stenosis of either the superior mesenteric artery (retrograde 
flow) or inferior mesenteric artery (antegrade flow).

Lymphatic Drainage

The submucous and subserous layers of the colon and rec-
tum have a rich network of lymphatic plexuses, which drain 
into an extramural system of lymph channels and follow 
their vascular supply.50 Colorectal lymph nodes are classi-
cally divided into four groups: epiploic, paracolic, interme-
diate, and principal.96 The epiploic group lies on the bowel 
wall under the peritoneum and in the appendices epiploicae; 
they are more numerous in the sigmoid and are known in 
the rectum as the nodules of Gerota. The lymphatic drainage 
from all parts of the colon follows its vascular supply. The 
paracolic nodes are situated along the marginal artery and on 
the arcades; they are considered to have the most numerous 
filters. The intermediate nodes are situated on the primary 
colic vessels, and the main or principal nodes on the superior 
and inferior mesenteric vessels. The lymph then drains to 
the cisterna chyli via the paraaortic chain of nodes. Colorec-
tal carcinoma staging systems are based on the neoplastic 
involvement of these various lymph node groups.

Innervation

The sympathetic and parasympathetic components of the 
autonomic innervation of the large intestine closely fol-
low the blood supply. The sympathetic supply of the right 
colon originates from the lower six thoracic segments. These 
thoracic splanchnic nerves reach the celiac, preaortic, and 
superior mesenteric ganglia, where they synapse. The post-
ganglionic fibers then course along the superior mesenteric 
artery to the small bowel and right colon. The parasympa-
thetic supply comes from the right (posterior) vagus nerve 
and celiac plexus. The fibers travel along the superior mes-
enteric artery, and finally synapse with cells in the autonomic 
plexuses within the bowel wall. The sympathetic supply of 
the left colon and rectum arises from L-1, L-2, and L-3. 
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Preganglionic fibers, via lumbar sympathetic nerves, synapse 
in the preaortic plexus, and the postganglionic fibers follow 
the branches of the inferior mesenteric artery and superior 
rectal artery to the left colon and upper rectum.

Embryology

Anus and Rectum

The distal colon, rectum, and the anal canal above the den-
tate line are all derived from the hindgut. Therefore, this 
segment is supplied by the hindgut (inferior mesenteric) 
artery, with corresponding venous and lymphatic drainage. 
Its parasympathetic outflow comes from S-2, S-3, and S-4 
via splanchnic nerves.

The dentate line marks the fusion between endodermal 
and ectodermal tubes, where the terminal portion of the 
hindgut or cloaca fuses with the proctodeum, an ingrowth 
from the anal pit. The cloaca originates at the portion of the 
rectum below the pubococcygeal line, whereas the hindgut 
originates above it.

Before the fifth week of development, the intestinal and 
urogenital tracts terminate in conjunction with the cloaca. 
During the sixth to eighth weeks of fetal life, the urorectal 
septum or fold of Tourneux migrates caudally and divides 
the cloacal closing plate into an anterior urogenital plate and 
a posterior anal plate (Figure 1-8). Any slight posterior shift 
in the position of the septum during its descent reduces the 
size of the anal opening, giving rise to anorectal defects.

The cloacal part of the anal canal, which has both endo-
dermal and ectodermal elements, forms the anal transitional 
zone after breakdown of the anal membrane.73 During the 
tenth week, the anal tubercles, a pair of ectodermal swellings 
around the proctodeal pit, fuse dorsally to form a horseshoe-
shaped structure and anteriorly to create the perineal body. 
The cloacal sphincter is separated by the perineal body into 
urogenital and anal portions (external anal sphincter). The 
internal anal sphincter is formed later (6th to 12th week) 
from enlarging fibers of the circular layer of the rectum.6,97

In the female, the fused Müllerian ducts that form the 
uterus and vagina move downward to reach the urogenital 
sinus about the sixteenth week. In the male, the site of the 
urogenital membrane is obliterated by fusion of the genital 
folds and the sinus becomes incorporated into the urethra. 
The sphincters apparently migrate during their develop-
ment; the external sphincter grows cephalad and the internal 
sphincter moves caudally. Concomitantly, the longitudinal 
muscle descends into the intersphincteric plane.6

Anorectal Malformations

The anorectal malformations can be traced to developmental 
arrest at various stages of normal maturation. The Duhamel’s 
theory of “syndrome of caudal regression” is supported 
by the high incidence of spinal, sacral, and lower limb 

defects associated with these anomalies.98 In fact, associated 
anomalies, most frequently skeleton and urinary defects, 
may occur in up to 70%.99 Digestive tract, particularly  

Figure 1-8. A Embryology of the large intestine. I. Sagittal section 
of early embryo with the primitive tube at the third week of develop-
ment. II. Normal development of intestine. IIa: Midgut loop within 
the umbilical cord (physiologic herniation); IIb: midgut rotation 
and return to the abdomen; IIc: rotation complete with wide retro-
peritoneal fixation of small bowel mesentery as well as ascending 
and descending colon. III. Development of the anus and rectum. 
IIIa: The hindgut, tailgut, and the allantois form the cloaca; IIIb: at 
the sixth week, the urogenital septum grows to separate the hindgut 
posteriorally and the allantois anteriorally; IIIc: the rectum with the 
persistent anal membrane has been separated from the urogenital 
structures. B Malformations of the digestive systems. I, Nonrota-
tion; II, incomplete rotation; III, reversed rotation.
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tracheoesophageal fistula or esophageal stenosis, cardiac, 
and abdominal wall defects may also occur in patients with 
anorectal anomalies. There is evidence for familial occur-
rence of anorectal defects; the estimated risk in a family of a 
second occurrence of some form of imperforate anus is up to 
50 times the normal chance.100

The proposed classification systems for the congenital 
malformations of the anorectal region are usually either 
incomplete or complex. The most comprehensive system 
has been proposed by Gough101 and Santulli102 and takes into 
consideration whether the rectum terminates above (ano-
rectal defects) or below (anal defects) the puborectalis sling 
(Table 1-1).

Anal Defects

Anal Stenosis

Some degree of stricture of the rectum is present in 25–39% 
of infants, and only about 25% of these shows some degree 
of disordered evacuation, but spontaneous dilation occurs 
between 3 and 6 months of age in the vast majority of 
patients.103 Although stenosis has been attributed to exces-
sive fusion of the anal tubercles, probably the cause is a pos-
terior shift in the position of the urorectal septum during its 
descent at the sixth week of fetal life.101

Membranous Atresia

This defect, also known as “covered anus,” is very rare. It 
is characterized by the presence of a thin membrane of skin 
between the blind end of the anal canal and the surface. Most 
cases occur in males and probably represent excessive poste-
rior closure of the urogenital folds.101

Anal Agenesis

The rectum extends below the puborectalis and ends, either 
blindly, or more often, in an ectopic opening or fistula to the 
perineum anteriorly, to the vulva, or urethra. Regardless of 
the location of the ectopic orifice, the sphincter is present at 
the normal site.

Anorectal Defects

Anorectal Agenesis

Anorectal agenesis more often affects males and represents 
the most common type of “imperforate anus.” The rectum 
ends well above the surface, the anus is represented by a 
dimple, and the anal sphincter is usually normal. This mal-
formation is the result of excessive obliteration of the embry-
onic tailgut and the adjacent dorsal portion of the cloaca. The 
descending urorectal septum reaches the dorsal wall of the 
diminished cloaca, leaving a blindly ending colon above and 
an isolated rectal membrane below.

In most cases, there is a fistula or fibrous remnant con-
necting the rectal ending to the urethra or vagina. Fistulae 
represent areas in the septum where the lateral ridges have 
joined but failed to unite, although the more caudal union is 
complete. High fistulae, vaginal and urethral, with anorec-
tal agenesis originate as early as the sixth or seventh week, 
whereas low fistulae (perineal) of anal ectopia originate in 
the eighth or ninth week of fetal life.

Rectal Atresia or “High Atresia”

Although considered clinically as an anorectal defect, 
embryologically this is the most caudal type of atresia of the 
large intestine. The rectum and anal canal are separated from 
each other by an atretic portion.

Persistent Cloaca

This is a rare condition that occurs only in female infants. 
It results from the total failure of the urorectal septum to 
descend, and therefore occurs at a very early stage of devel-
opment (10-mm stage).

Colon and Small Bowel

The primitive gut tube develops from the endodermal roof 
of the yolk sac. At first, the primitive intestine is a straight 
tube suspended in a sagittal plane on a common mesentery. 
At the beginning of the third week of development, it can be 
divided into three regions: the foregut in the head fold, the 
hindgut with its ventral allantoic outgrowth in the smaller 
tail fold, and, between these two portions, the midgut, which 
at this stage opens ventrally into the yolk sac (Figure 1-8). 
The normal embryologic process of rotation of the intestinal 
tract includes three stages, as outlined below.

First Stage: Physiologic Herniation  
of the Primitive Digestive Tube

The first stage of rotation begins between the sixth and eighth 
weeks of intrauterine life, when the primitive intestinal tube 
elongates on its mesenteric around the superior mesenteric 
artery and bulges through the umbilical cord as a temporary 
physiologic herniation. This intraumbilical loop moves, at the 
eighth week of embryologic development, counterclockwise 

Table 1-1. Classification of anorectal malformations

A. Anal defects (“low” defects)
1. Anal stenosis
2. Membranous atresia (rare)
3. Anal agenesis

a. Without fistula
b. With fistula (ectopic anus)

B. Anorectal defects (“high” defects)
1. Anorectal agenesis

a. Without fistula
b. With fistula

2. Rectal atresia (“high” atresia)
C. Persistent cloaca

1. Rectal duplication
2. Developmental cysts
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90° from the sagittal to the horizontal plane. The anomalies 
of this stage are rare and include situs inversus, inverted duo-
denum, and extroversion of the cloaca.

Second Stage: Return of the Midgut to the Abdomen

The second stage of gut rotation occurs at the tenth week of 
intrauterine life. During this stage, the midgut loop returns 
to the peritoneal cavity from the umbilical herniation, and 
simultaneously rotates 180° counterclockwise around the 
pedicle formed by the mesenteric root. The prearterial seg-
ment of the midgut or duodenojejunal loop returns first to 
the abdomen, as the gut rotates counterclockwise. The duo-
denum comes to lie behind the superior mesenteric artery. 
The postarterial segment or cecocolic loop also reduces 
and comes to lie in front of the superior mesenteric artery. 
Anomalies of the second stage are relatively more common 
than the ones originated from the first stage and include non-
rotation, malrotation, reversed rotation, internal hernia, and 
omphalocele.

Third Stage: Fixation of the Midgut

The third stage of gut rotation starts after return of the gut to 
the peritoneal cavity and ends at birth. The cecum, initially 
in the upper abdomen, descends, migrating to the right lower 
quadrant, as counterclockwise rotation continues to 270°. 
After completion of the sequential rotation of the gastroin-
testinal tract, in the latter weeks of the first trimester, the 
process of fixation initiates. Gradually, fusion of parts of the 
primitive mesentery occurs, with fixation of the duodenum, 
and the ascending and descending parts of the colon to the 
posterior abdominal wall in their final position. Anomalies 
of this stage are common and include mobile cecum, subhe-
patic or undescended cecum, hyperdescent of the cecum, and 
persistent colonic mesentery.

The midgut progresses below the major pancreatic papilla 
to form the small intestine, the ascending colon, and the 
proximal two-thirds of the transverse colon. This segment 
is supplied by the midgut (superior mesenteric) artery, with 
corresponding venous and lymphatic drainage.

The neuroenteric ganglion cells migrate from the neural 
crest to the upper end of the alimentary tract and then fol-
low vagal fibers caudad. The sympathetic innervation of 
the midgut and likewise the hindgut originates from T-8 to 
L-2, via splanchnic nerves and the autonomic abdominopel-
vic plexuses. The parasympathetic outflow to the midgut is 
derived from the tenth cranial nerve (vagus) with pregangli-
onic cell bodies in the brain stem.

The distal colon (distal third of the transverse colon), 
the rectum, and the anal canal above the dentate line are 
all derived from the hindgut. Therefore, this segment is 
supplied by the hindgut (inferior mesenteric) artery, with 
corresponding venous and lymphatic drainage. Its parasym-
pathetic outflow comes from S-2, S-3, and S-4 via splanchnic 
nerves.

Abnormalities of Rotation

Nonrotation

In this condition, the midgut loop returns to the peritoneal 
cavity without the process of rotation, and, consequently, the 
entire small bowel locates on the right side of the abdomen, 
and the left colon is on the left side. This condition may be 
entirely asymptomatic and constitute a finding at laparoto-
mies. However, it may complicate with volvulus affecting 
the entire small bowel. The twist of the entire midgut loop on 
its pedicle can occur, usually at the level of the duodenoje-
junal junction and the midtransverse colon because of the 
defective fixation of the mesenteric root.

Malrotation

In malrotation, the cecum fails to complete the 360° rotation 
around the superior mesenteric, and does not complete the 
migration process. As a result of this failure in the migra-
tion process, the malrotated cecum locates in the right upper 
quadrant and is fixed by lateral bands or adhesions. These 
bands can overlie the distal part of the duodenum and cause 
extrinsic compression.

Reversed Rotation

In this condition, the midgut rotates clockwise instead of 
counterclockwise; consequently, the transverse colon locates 
posteriorly and the duodenum anteriorly, in relation to the 
mesenteric artery.

Omphalocele

Omphalocele is the retention of the midgut in the umbilical 
sac as a result of failure of the gut to return to the peritoneal 
cavity.

Incomplete Attachment of Cecum and Mesentery

Under normal conditions, the cecum is almost entirely or at 
least in its lower half invested with peritoneum. However, its 
mobility is usually limited by a small mesocecum. In approxi-
mately 5% of individuals, the peritoneal covering is absent 
posteriorly; it then rests directly on the iliacus and psoas major 
muscles.32 Alternatively, an abnormally mobile cecum-ascending 
colon, resulting from an anomaly of fixation, can be found in 
10–22% of individuals.104 In this case, a long mesentery is 
present, and the cecum may assume varied positions. This lack 
of fixation may predispose to the development of volvulus.

Internal Hernias Around the Ligament of Treitz

Both internal hernias and congenital obstructive bands or 
adhesions are causes of congenital bowel obstruction, 
and result from an anomaly during the process of fixation. 
This failure may occur when the fusion of mesothelial lay-
ers is incomplete or if it occurs between structures that are 
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abnormally rotated. Retroperitoneal hernias can occur in any 
intraperitoneal fossae, particularly paraduodenal, paracecal, 
and intersigmoid. The most common internal hernias result-
ing from abnormal fixation of the colon are right and left 
paraduodenal hernias.103

Other Congenital Malformations  
of the Colon and Small Intestine

Proximal Colon Duplications

Duplication of the colon comprises three general groups of 
congenital abnormalities: mesenteric cysts, diverticula, and 
long colon duplication.105

Mesenteric cysts, similarly to the duplication cysts found at 
the retroperitoneum and the mediastinum, are lined by intesti-
nal epithelium and a variable amount of smooth muscle. These 
cysts lie in the mesentery of the colon or behind the rectum, 
may be separable or inseparable from the bowel wall, and 
usually present, as the size increases, either as a palpable mass 
or intestinal obstruction. Diverticula are blind ending pouches 
of variable lengths and arise either from the mesenteric or the 
antimesenteric border of the bowel. They may have hetero-
topic gastric mucosa or pancreatic-type tissue. Long colon 
duplication or tubular duplication of the colon is the rarest 
form of duplication. Almost invariably, the two parts lie paral-
lel, sharing a common wall throughout most of their length; 
frequently, it involves the entire colon and rectum. Often, 
there is an association of pelvic genitourinary anomalies.

Meckel’s Diverticulum

Meckel’s diverticulum is a remnant of the vitelline or ompha-
lomesenteric duct, arising from the antimesenteric border of 
the terminal ileum, usually within 50 cm of the ileocecal 
valve.73 Associated abnormalities include persistence of a 
fibrous band connecting the diverticulum to the umbilicus 
or a patent omphalomesenteric duct, the presence of ectopic 
mucosa or aberrant pancreatic tissue (in more than half of 
asymptomatic diverticula), and herniation of the diverticu-
lum in an indirect inguinal hernia (Littré’s hernia).

In most people, Meckel’s diverticulum is asymptomatic, 
and according to autopsy series, it exists in 1–3% of the gen-
eral population.106 Surgical complications are more frequent 
in infants and children and include hemorrhage from ectopic 
gastric mucosa, intestinal obstruction resulting from asso-
ciated congenital bands or ileocolic intussusception, diver-
ticulitis, perforation, and umbilical discharge from a patent 
omphalomesenteric duct.

Atresia of the Colon

Colonic atresia is a rare cause of intestinal obstruction; it 
represents only 5% of all forms of gastrointestinal atresia. 
It is probably caused by a vascular accident occurring dur-
ing intrauterine life.104 Colonic atresia can be classified in 

three basic types: (1) incomplete occlusion of the lumen by 
a membranous diaphragm; (2) proximal end distal colonic 
segments that end blindly and are joined by a cord-like rem-
nant of the bowel; and (3) complete separation of the proxi-
mal anal distal blind segments with the absence of a segment 
of megacolon.107 Colonic atresia may be variable in length 
and can occur at any site in the colon, and its association 
with Hirschsprung’s disease has been reported.104

Hirschsprung’s Disease

Congenital megacolon is one of the most distressing of nonle-
thal anomalies, and was promptly attached to Hirschsprung’s 
name after his description of autopsies of two infants who died 
from this condition in 1888.108 However, it was recognized as 
early as 1825 in adults, and, in 1829, in infants.109 This disease 
results from the absence of ganglion cells in the myenteric 
plexus of the colon caused by the interruption of migration 
of neuroenteric cells from the neural crest before they reach 
the rectum. The physiologic obstruction, more insidious than 
an anatomic atresia, results in proximal dilation and hyper-
trophy of the colon above. The extent of the aganglionosis is 
variable. The internal anal sphincter is involved in all cases, 
and the entire rectum in most cases. The disease is more com-
mon in males and its severity is related to the length of the 
aganglionic segment. Although most patients reach surgery 
before they are a year old, many are older, and a few reach 
adulthood. This topic is further discussed in Chap. 50.
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2
Colonic Physiology
Ursula M. Szmulowicz and Tracy L. Hull

The human colon is a dynamic organ, involved in a vast array 
of functions, including the absorption of water and electro-
lytes, the salvage of unabsorbed nutrients, and the transport 
of luminal contents as feces. While not an organ essential for 
life, the colon still plays a major role in maintaining the over-
all health of the human body. Understanding these physio-
logic principles is integral to the successful treatment – both 
medical and surgical – of colonic disease.

Embryology

The embryology of the colon informs its anatomy. In the third 
and fourth weeks of gestation, the primitive intestine arises 
from the cephalocaudal and lateral folding of the dorsal sur-
face of the endoderm-lined yolk sac, forming a straight tube 
situated posteriorly in the embryo.1–3 Although the mucosa 
originates from the endoderm of the yolk sac, the muscular 
wall, connective tissue, and serosa have a mesodermal etiol-
ogy.4 By the fourth week of gestation, the gut tube develops 
into three distinct regions: the foregut, midgut, and hindgut.4 
The midgut begins immediately distal to the confluence 
of the common bile duct and the duodenum, extending to 
include the proximal two-thirds of the transverse colon. At 
the midgut, the primitive intestine maintains its connection 
to the yolk sac via the vitelline duct; failure of the vitelline 
duct to obliterate ultimately results in a Meckel’s diverticu-
lum or a vitelline cyst or fistula.2,5 The hindgut reaches from 
the distal third of the transverse colon to the anal canal proxi-
mal to the dentate line. The midgut receives its vascular 
supply from the superior mesenteric artery and the hindgut 
from the inferior mesenteric artery.6

The colon gains its ultimate position by means of a series 
of rotations of the embryonic gut. During the fifth week of 
gestation, the midgut, particularly the future ileum, rapidly 
enlarges beyond the capacity of the abdominal cavity, cul-
minating in its physiologic herniation through the umbilicus 
in the sixth week.1 While exteriorized, this hairpin-shaped 
primary intestinal loop rotates 90° counterclockwise around 

an axis comprised of the superior mesenteric artery, as 
viewed from the front. Although the cranial limb of the her-
niated primary intestinal loop – the future small intestine – 
continues to elongate and organize into loops, the caudal 
limb – the proximal colon – remains mainly unaltered, its 
only adjustment involving the development of a cecal bud, 
a bulge from its antimesenteric border.3 In the tenth week of 
gestation, the herniated intestine commences its return to the 
abdominal cavity, in the process completing an additional 
180° counterclockwise rotation to finalize the disposition of 
the embryonic proximal jejunum on the left and the primitive 
colon on the right.2 The cecum – the last component to reen-
ter the abdomen – initially is located in the right upper quad-
rant but then migrates inferiorly to the right iliac fossa as the 
dorsal mesentery suspending the ascending colon shortens 
and then recedes.4 As the cecal bud descends, the appendix 
appears as a narrow diverticulum.2–7 The loss of the dorsal 
mesentery of the ascending and descending colon produces 
their retroperitoneal fixation, absent in the cecum, transverse 
colon, and sigmoid colon.2

Innervation

Colonic innervation emanates from two sources: the extrinsic 
and the intrinsic nerves. Extrinsic innervation involves the 
sympathetic and parasympathetic nerves of the autonomic 
nervous system, which are responsible for colonic motility 
and sensation. Intrinsic innervation arises from the poorly 
understood enteric nervous system.

The parasympathetic nerves primarily exert an excitatory 
affect upon colonic motility. The main parasympathetic neu-
rotransmitters include acetylcholine and tachykinins such 
as substance P. The parasympathetic supply to the proximal 
colon originates from the posterior division of the vagus 
nerve – the tenth cranial nerve.8,9 These parasympathetic 
fibers reach the colon by following the branches of the supe-
rior mesenteric artery: the ileocolic and middle colic arter-
ies. The distal colon, however, receives its parasympathetic 
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input from the second to fourth sacral nerves, with the third 
sacral nerve the most dominant.8,9 These pelvic splanchnic 
nerves – the nervi erigentes – emerge from the lateral horns 
of S2–4.8,9 After exiting the spinal column, the preganglionic 
parasympathetic fibers travel superiorly and laterally, deep 
to the peritoneum, to join the inferior hypogastric plexus, 
located on the anterolateral pelvic wall, adjacent to the lat-
eral ligaments at the level of the lower third of the rectum.10 
From the inferior hypogastric plexus, these parasympathetic 
fibers are distributed to the pelvic organs and to the distal 
colon as far proximal as the splenic flexure.11 The pregangli-
onic parasympathetic fibers ultimately synapse in the bowel 
wall at the ganglia within the myenteric plexus of Auerbach 
and Meissner’s plexus.12

Unlike the parasympathetic nerves, the sympathetic sys-
tem effects a tonic inhibition of the nonsphincteric colonic 
muscle and, thus, of colonic peristalsis.11 Additionally, 
sympathetic fibers prevent epithelial secretion and reduce 
splanchnic blood flow.9 However, the sympathetic supply is 
excitatory to sphincter muscles, particularly to the ileocecal 
junction and the internal anal sphincter.9,11,13 The primary 
sympathetic neurotransmitter is norepinephrine.8,11 The 
inhibition of colonic tone, although not fully understood, 
is believed to be mediated via a

2
 adrenergic receptors.14 In 

one study in humans, the a
2
 agonist clonidine was deter-

mined to decrease fasting colonic tone, while the a
2
 

antagonist yohimbine increased it.15 Stimulation of the a
2
 

adrenoreceptor also blocked the release of acetylcholine 
from the hyperpolarized parasympathetic neurons in the 
myenteric and pelvic plexi, thus arresting parasympathetic 
function.11,15 In contrast, the in vivo administration of the 
a

1
 agonist phenylephrine and the b

2
 agonist ritodrine at the 

highest acceptable dosages had no impact upon colonic 
tone.15 Yet, in an in vitro study, agonists of the b

1
, b

2
, and 

b
3
 colonic adrenoceptors relaxed the human taenia coli; the 

circular muscular tone maximally diminished after treat-
ment with the b

1
 agonist.16

The preganglionic sympathetic effector cells are derived 
from the intermediolateral cell column (lateral horns) of the 
thoracic (T1–12) and, in particular, the lumbar spine (L1–2 
or 3–4). The sympathetic nerve fibers leave the spinal col-
umn via the ventral spinal nerve roots (rami). These myeli-
nated preganglionic fibers then exit from the ventral spinal 
nerve root as a white ramus communicans (“communicat-
ing branches”) to merge with the paired sympathetic trunks 
(paravertebral ganglia), found along the entire length of the 
vertebral column. Once it has joined a sympathetic trunk, the 
preganglionic sympathetic nerve fiber either immediately 
synapses at that ganglion or it ascends or descends along 
the trunk before synapsing at another vertebral level, from 
the first cervical vertebra to the first coccygeal vertebra, 
along the sympathetic trunk.17 A single preganglionic fiber 
synapses with 30 or more postganglionic fibers.8 After syn-
apsing, the unmyelinated postganglionic fibers depart the 
sympathetic trunk as a gray ramus communicans, reuniting 

with the ventral spinal ramus, after which it is distributed to 
the sweat glands and arrector pili muscles of the body wall 
and to the smooth muscle of the blood vessels throughout 
the body.18 Yet, most preganglionic fibers – those innervat-
ing the abdominopelvic viscera – pass through the sympa-
thetic trunk without synapsing, instead proceeding to the 
interconnected collateral (preaortic or prevertebral) ganglia 
that lie anterior to the aorta at its junction with its main vas-
cular branches as part of a specific splanchnic (“visceral”) 
nerve: the greater (T5–T9 or 10), lesser (T10–T11), least 
(T12), or lumbar (L1–2) splanchnic nerves.12,17,19 While 
the midgut receives its sympathetic input from the lesser 
splanchnic nerve, the hindgut is supplied by the lumbar 
splanchnic nerve.18 Once these preganglionic fibers synapse 
at a collateral ganglion, the postganglionic fibers follow the 
vasculature to the intestine, concluding in the enteric gan-
glia.20 Some of the postganglionic fibers terminate instead 
on intestinal epithelial cells, whereby intestinal secretion is 
inhibited.20 The midgut derivatives are primarily innervated 
by postganglionic fibers from the superior mesenteric gan-
glion and the hindgut structures, from the inferior mesen-
teric ganglion, although commingling between the ganglia 
is common.8

The intrinsic innervation of the colon – the enteric 
 nervous system – is uniquely able to mediate reflex behavior 
independent of input from the brain or spinal cord.21 This 
intrinsic network regulates the majority of colonic motil-
ity.9 However, the activity of the enteric nervous system is 
impacted by the extrinsic nerves: the sympathetic, parasym-
pathetic, and visceral afferent nerves.8,11 This “little brain” 
employs the same modulators and neuro transmitters pres-
ent in the central nervous system, including the excitatory 
acetylcholine, substance P, and neurokinin A and the inhibi-
tory nitric oxide, adenosine triphosphate (ATP), vasoactive 
intestinal polypeptide (VIP), and pituitary adenyl cyclase-
activating peptide.9,13,21,22 The enteric nervous system acts 
through many different types of neurons, with their cell bod-
ies amassed within neuronal plexi positioned either between 
the circular and longitudinal muscles (the myenteric plexus 
of Auerbach) or in the submucosal layer.9 The submucosal 
plexi are comprised of Meissner’s plexus, situated adjacent 
to the mucosa, and Schabadasch’s plexus, which lies near 
the circular muscle.9 Notably, the number of neurons in the 
enteric nervous system greatly exceeds that of the entire 
autonomic nervous system.9 The myenteric plexus directs 
smooth muscle function while the submucosal plexus modu-
lates mucosal ion transport and absorptive functions.11 More-
over, the enteric network influences blood flow to the colon.20 
Control of colonic motor function via the enteric nervous 
system remains poorly understood at this time. However, a 
reflex arc is initiated by a mechanical (e.g., stretch), chemi-
cal, or other noxious stimulus, which activates an enteric 
primary afferent neuron; the impulse is carried to an enteric 
motor neuron – the effector cell – via an enteric interneuron, 
producing an excitatory or inhibitory effect.9,20
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Colonic Function

Salvage, Metabolism, and Storage

Although digestion and absorption primarily take place in 
the stomach and small intestine, the colon still plays a major 
role in these operations. The colon processes various com-
plex carbohydrates and, to a lesser extent, proteins that prove 
resistant to digestion and absorption in the more proximal 
intestine.23,24 Unlike the small intestine, the colon salvages 
nutrients from these products via fermentation. Fermentation 
occurs by means of the saccarolytic and proteolytic members 
of the over 400 species of bacteria, the majority of which are 
obligate anaerobes, present within the colon.25 Approximately 
10% of ingested carbohydrates enter the cecum as undigested 
material.11 Among the diverse end products of the bacterial 
fermentation of complex carbohydrates – mainly the soluble 
plant residues (fiber) – are the short-chain fatty acids, repre-
sented principally by butyrate (15%), propionate (25%), and 
acetate (60%).26 Ingestion of a diet higher in complex carbo-
hydrates, beans, resistant starches, and soluble fiber leads to 
a greater output of short-chain fatty acids than that of insol-
uble fibers. The composition of the bacterial microenviron-
ment also influences the amount of synthesized short-chain 
fatty acids.11,27 The nondigestible carbohydrate inulin – an 
extract of chicory – has been studied as a prebiotic, a food 
that selectively alters the admixture of the colonic bacterial 
flora; although its addition to the diet increased the proportion 
of beneficial bifidobacteria in the feces in various studies, its 
impact – whether healthful or harmful – upon other bacterial 
species could not be well gauged.28 Bacterial fermentation of 
the complex carbohydrates primarily transpires in the ascend-
ing and proximal transverse colon. In contrast, the undigested 
dietary proteins that reach the colon, as well as proteins from 
mucous and sloughed epithelial cells, are fermented in the 
distal colon, primarily because the carbohydrates – the pre-
ferred nutrient of most bacteria – were previously exhausted in 
the proximal colon; the concentration of the short-chain fatty 
acids produced in the distal colon is 30% less than in the prox-
imal colon.27,29,30 However, a diet that includes prebiotics such 
as inulin results in a greater degree of saccarolytic fermenta-
tion in the distal colon due to the greater availability of these 
slowly fermentable, highly polymerized carbohydrates.27 The 
fermented proteins are converted into short-chain fatty acids, 
branched chain fatty acids, and amines. In addition, the bacte-
rial fermentation of undigested proteins generates ammonia, 
phenols, indoles, and sulfurs; these possibly toxic substances 
are considered potential etiologic agents for such diseases as 
colon cancer and ulcerative colitis.27 Some of these proteolytic 
metabolites become a nitrogen source for bacterial growth.29,31 
The residual products of the bacterial fermentation of com-
plex carbohydrates and proteins are absorbed or, like carbon 
dioxide, hydrogen, and methane, passed with the feces.28 The 
dietary fats that reach the colon likely are not recovered in the 
colon but are expelled with the stool.25

The short-chain fatty acids occupy an integral position 
in colonic health. More than 95% of the short-chain fatty 
acids are created in and are immediately appropriated by the 
colon, with very little excreted in the feces.25,27,32 An aver-
age of 400 mmol/day, with a range of 150–600 mmol/day, 
of short-chain fatty acids are produced in the colon.33,34 This 
reclamation of undigested matter in the colon as short-chain 
fatty acids provides 5–15% of the total caloric needs of an 
individual.27 These weak acids – the preeminent colonic 
anions – mainly remain dissociated in the colonic lumen 
until absorbed either in exchange for bicarbonate via a SCFA/
HCO

3
− transport channel; by an active transport mechanism 

such as the sodium-coupled monocarboxylate transporter 
(SMCT1) or the monocarboxylate transporter isoform 1 
(MCT1); or by diffusion in their lipid soluble form.27 The 
sodium-coupled monocarboxylate transporter facilitates the 
conservation of sodium, chloride, and water in the colon.27 
Furthermore, the short-chain fatty acids are incorporated as 
the basic elements for mucin synthesis, lipogenesis, gluco-
neogenesis, and protein production. In particular, propionate 
combines with other three-carbon compounds in the liver to 
participate in gluconeogenesis. Acetate is used by the liver 
as a component to fashion longer-chain fatty acids and by the 
muscle as sustenance.23,24

Although the least abundant of the short-chain fatty acids, 
butyrate has the greatest import in colonic homeostasis. This 
short-chain fatty acid acts as the primary energy source for 
the colonocyte, supplying 70–90% of its energy require-
ments; these epithelial cells receive their nourishment solely 
from luminal substrates, not from the bloodstream.20,23,24 
Of the short-chain fatty acids, butyrate best promotes the 
absorption of water, sodium, and chloride from the colon, 
acting as an antidiarrheal agent.27 This short-chain fatty acid 
also advances colonic cell proliferation and differentiation, 
repair, and immune function.11,27,35 Butyrate has been shown 
to influence colon carcinogenesis: studies have revealed that 
fewer butyrate transporters were present in human colonic 
adenocarcinomas, resulting in a decrease in the utilization 
of the trophic butyrate in the malignant cells.27 Moreover, 
in vitro studies of cancer cell lines identified apoptosis, non-
proliferation, and differentiation after the administration of 
butyrate.27 One method by which butyrate modulates gene 
expression and, thus, cancer growth likely arises from its 
ability to suppress histone deacetylase, thus encouraging the 
union of various transcription factors with nuclear DNA; to 
modify intracellular kinase signaling; and to inhibit nuclear 
factor-kB.27

In the colon, many metabolic processes are influenced 
by functional food components. These foods – the pre- and 
probiotics – alter the colonic microenvironment, adding 
to the impact of environmental factors and genetics.33 As 
previously discussed, prebiotics – primarily nondigestable 
oligosaccharides (NDOs) – are slowly fermentable foods 
that selectively propagate microbial proliferation and/or 
 activity.36 These products are completely metabolized in the 
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colon into short-chain fatty acids, energy, and lactic acid, 
leaving no nondigestable oligosaccharides in the stool.33 In 
contrast, probiotics represent active bacterial cultures that 
benefit the host by replenishing the colonic microenviron-
ment.37 Synbiotics combine the action of pre- and probiot-
ics.33 Investigations of these functional foods have focused 
on the lactobacilli and bifidobacteria, the growth of which 
transforms the colonic milieu, augmenting the immune func-
tion of the gut-associated lymphoid tissue (GALT).31,33 The 
effect of these supplements is thought to be attributable to an 
increased production of butyrate, changes in mucin produc-
tion, or interference in the binding of pathogenic bacteria to 
the colonic mucosa.27,38 Prebiotics are particularly associated 
with an elevation of the concentration of short-chain fatty 
acids.33 To combat the rising incidence of antibiotic-resistant 
bacteria in hospitals, the World Health Organization has 
recommended the use of microbial interference therapies – 
nonpathogenic bacteria that eradicate pathogens – such as 
probiotics.34 Currently, probiotics are prescribed in cases of 
disturbed microbial balance, such as antibiotic-associated 
diarrhea. In the future, pre- and probiotics may become 
important supplements regularly administered to patients to 
promote health and to prevent illness. These functional foods 
further present the possibility of reducing the potential of 
carcinogens to form cancers.31,38

While the colon is one organ, it demonstrates regional 
differences. As noted, the proximal and distal colon have 
different embryological origins, derived from the mid- and 
hindgut, respectively. In appearance, the proximal colon 
is more saccular and the distal colon, more tubular.39 The 
short-chain fatty acids are principally synthesized in the 
more acidic environment of the proximal colon. The proxi-
mal colon serves as a reservoir, in contrast to the distal colon, 
which mainly performs as a conduit.40 Yet, this truism is 
 disputed by studies in which radiopaque markers were deter-
mined to have the same dwell time of approximately 11 h in 
the proximal, distal, and middle colonic segments, suggest-
ing that the proximal colon does not preferentially operate 
as a receptacle for stool.9 Also, the character of the lumi-
nal contents impacts transit times. Large volumes of liquid 
quickly pass through the ascending colon but remain within 
the transverse colon for as long as 20–40 h; in contrast, a 
solid meal is retained by the cecum and ascending colon for 
longer periods than a liquid diet.9,41,42 The salvage of water 
and electrolytes is primarily accorded to the proximal colon, 
although the distal colon and rectum contribute to this task, 
albeit to a lesser extent.43,44 In the event that a large amount of 
chyme is delivered to the colon, the distal colon and rectum 
may assist in the absorption of enough fluid to produce a 
solid stool.41 The regional heterogeneity of the colon exhib-
its adaptability. After a right hemicolectomy, the transverse 
colon adjusts to become a neo-proximal colon; 6 months 
after the surgery, the progress of an ingested isotope from 
the small intestine through the shortened colon returns to 
the preoperative baseline.45 The assumption of this role may 

ensue due to the greater concentrations of short-chain fatty 
acids to which the transverse colon is exposed following a 
right hemicolectomy, producing such changes as an increase 
in water and sodium retention.30

Transport of Water and Electrolytes

Among its roles in preserving intestinal homeostasis, the 
colon is also integral to water and electrolyte transport. 
The colon maintains an appropriate hydration and electro-
lyte balance by means of the absorption and secretion of 
intestinal water and electrolytes. The mucosal surface area 
available for these processes amounts to approximately 
2,000 cm2.30 While the surface epithelial cells in the colon 
are primarily responsible for absorption, the crypt cells are 
involved in fluid secretion; however, crypt cells have been 
found to some degree to contribute to absorption.11,30,46 After 
the liquid effluent from the small intestine has traversed 
the colon, fluid and electrolyte absorption and secretion as 
well as bacterial activity produce about 200 g of solid feces 
per day.20

The colon is extremely efficient at conserving intestinal 
water.13 Water is passively absorbed along an osmotic gradi-
ent, enabled by a luminal sodium concentration lower than 
that of the epithelial cells; as such, the salvage of intestinal 
water relies upon sodium conservation.11,30 Normally, the 
colon is presented with 1.5–2 L of water daily, as compared 
to the 9–10 L that pass through the small intestine; of this 
amount, 1.5–2 L are ingested, with the remainder originat-
ing from salivary, biliary, pancreatic, and intestinal secre-
tions.24,30 Approximately 90% of this water is reclaimed by 
the colon, leaving 100–150 mL in the feces.20 The absorption 
of water primarily follows a paracellular pathway, although 
a transcellular route involves various protein channels: aqua-
porins 3, 4, 5, 8, and 9.20 The ascending colon demonstrates 
the greatest absorptive capability, as the chyme resides within 
this segment the longest, thus maximizing its contact with 
the mucosa. As a consequence, diarrhea more consistently 
ensues after a right, as opposed to a left, hemicolectomy. 
Fluid retention is promoted by the antidiuretic hormone.43 
When challenged, the proximal colon, with the additional 
contribution of the sigmoid colon and rectosigmoid, is able 
to save a further 5–6 L of intestinal water daily.47–49 Yet this 
facility is contingent upon the composition, rate of flow (less 
than 1–2 mL/min), and amount of the effluent. In the case 
that the absorptive capacity of the colon is exceeded, diar-
rhea results. Fluid secretion in the colon only transpires in 
the presence of diverse secretagogues, such as laxatives, 
bacterial endotoxins, hormones (e.g., VIP), and endogenous 
substances (e.g., bile acids).43

The colon is essential to the recovery of sodium. Under 
normal conditions, the colon principally absorbs sodium and 
chloride but secretes bicarbonate and potassium. The liquid 
chyme delivered to the colon contains 130–140 mmol/L of 
sodium whereas the concentration in stool is 40 mmol/L; 
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approximately 95% of the sodium transported into the colon 
is conserved.29,43 If required, the colon is able to increase its 
salvage of sodium to 800 mmol/L/day.43 The normal colon 
can prevent hyponatremia even despite a diet containing as 
little as 1 mEq of sodium daily; in contrast, the absence of 
a colon encourages dehydration and hyponatremia.43 The 
transport mechanisms for sodium absorption, located on 
the luminal surface of the epithelial cells, vary throughout the 
colon: a Na+/H+ exchange channel in the proximal colon and 
an electrogenic sodium-specific channel (ENaC) in the distal 
colon and rectum.20 The Na+/H+ exchange channels (NHE 2 
and 3) are coupled to the Cl−-HCO

3
− exchange channels.20 

The activity of the electrogenic sodium-specific channel in 
the distal colon and rectum is requisite for the desiccation 
of stool.20 These two types of transport channel allow for 
the passive diffusion of sodium into the colonic epithelial 
cells along an electrochemical gradient, consisting of a low 
intracellular sodium concentration (<15 mM) and a negative 
intracellular electrical potential difference as compared to 
the lumen.30 This favorable electrochemical gradient is cre-
ated by the active extrusion of sodium via the Na+/K+ ATPase 
pump on the basolateral membrane of the epithelial cell: 
three sodium ions are expelled in exchange for two potas-
sium ions.20,30 Aldosterone, a mineralocorticoid secreted 
by the adrenal gland in response to sodium depletion and 
dehydration, enhances fluid and sodium absorption in the 
colon.46,50 The absorption of sodium is further promoted by 
somatostatin, a

2
-adrenergic agents (e.g., clonidine), and the 

short-chain fatty acids.11,24

Like sodium, chloride is recovered from the colonic lumen. 
In the proximal colon, chloride is traded for bicarbonate 
via the Cl−-HCO

3
− exchange channel found on the luminal 

surface of the epithelial cells; the activity of this channel is 
linked to the Na+/H+ exchange protein.20,29 However, chloride 
also is absorbed through a Cl−-HCO

3
− exchange channel that 

is not associated with sodium.20 Chloride absorption is sup-
ported by an acidic luminal milieu; consequentially, the con-
comitant secretion of bicarbonate neutralizes organic acids 
within the colonic lumen.24,43 The transport mechanism for 
bicarbonate secretion is poorly understood. Yet, bicarbon-
ate, responsible for the alkalinity of the feces, is the primary 
electrolyte wasted in diarrhea.20

Potassium transport is primarily a passive process, follow-
ing the movement of sodium across cell membranes. However, 
active potassium secretion occurs in the proximal colon and 
active absorption in the distal colon.11,20 The H+/K+ ATPase 
actively conveys potassium into the epithelial cells of the dis-
tal colon and rectum.20 A potassium channel is believed to 
facilitate active secretion in the proximal colon.20 Potassium 
secretion, combined with potassium derived from bacteria 
and colonic mucous, may explain the relatively high concen-
tration of this electrolyte – 50–90 mmol/L – in stool.51,52

The colon contributes to the metabolism of urea. 
Approximately 0.4–1 g of urea enters the colon in the small 
bowel effluent daily.43 The urea is converted by the colonic 

microorganisms into ammonia, which is then passively 
absorbed by the surface epithelial cells.29,43 Ammonia is also 
derived from dietary nitrogen, the sloughed mucosal lining, 
and bacterial waste. Only 1–3 mmol of ammonia is excreted 
with the feces. The majority of the ammonia that reaches 
the colon is returned via the enterohepatic circulation to the 
liver, where it is refashioned into urea.30

Colonic Motility

Methodology to Measure Colonic Transit

Although altered motility is thought to play a major role 
in various gastrointestinal disorders, surprisingly little is 
known about the subject. This lack of understanding arises 
in part from the inaccessibility of the colon, particularly 
the proximal colon, for direct study. Bowel questionnaires 
have been used to gain insight into colonic motility; how-
ever, interestingly, stool frequency – or the recollection of 
the patient of their stool frequency – and colorectal transit 
time, which represents 75% of total intestinal transit time, 
are poorly related.41,53,54 Early evaluations using barium were 
also unable to achieve a precise measurement of colonic 
motility.55 The initial techniques to determine colonic motil-
ity began with the calculation of colonic transit time.

Radiopaque Markers

One of the first methods to gauge colonic transit time 
involves radiopaque markers. This study, proposed by Hin-
ton and colleagues in 1969 to assess severe constipation, fol-
lows the passage of the markers over sequential abdominal 
radiographs.11,56 Total and regional colonic transit times are 
reflected by the number and the location of the markers.11 
For men, the average total colonic transit is 30.7 h (SD 3.0) 
and for women, 38.3 h (SD 2.9).55 Currently, the commer-
cially available SitzmarksTM (Konsyl Pharmaceuticals, Eas-
ton, MD) are composed of a gelatin capsule containing 24 
radioopaque PVC O-rings. Various protocols for the exami-
nation exist, all of which require the cessation of all laxatives 
48 h prior to swallowing the markers. In one approach that 
focuses on total colonic transit, 5 days after taking the cap-
sule, an abdominal radiograph is obtained. A normal study 
demonstrates evacuation of 80% of the markers. The reten-
tion of more than 20% of the markers suggests slow transit 
constipation. Some physicians give a single capsule on Sun-
day evening and obtain abdominal X-rays on days 1, 3, and 
5. The film on the first day provides evidence that gastric 
and small motility are grossly normal if all the markers are 
in the colon.

In order to localize the markers to specific segments of the 
colon – right, left, and pelvis – another technique requires 
that the patient consume one capsule, after which abdomi-
nal radiographs are performed every other day until all 24 
markers have been expelled. As an alternative, patients 
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ingest single capsules on three successive days, with only 
one abdominal radiograph done on day 4 of the study so as 
to minimize radiation exposure.57 The number of markers 
present equals the colonic transit time in hours. To better 
determine the distribution of the markers, some centers use 
capsules holding markers of different shape on each of the 
3 days. An accumulation of the markers in the rectosigmoid 
indicates a dyssynergic defecation pattern.58 The reliability 
of the technique is affected by patient compliance as well as 
by differences in the interpretation of the results.59

Scintigraphy

Some centers favor the more expensive colonic scintigra-
phy over the radiopaque marker method to measure colonic 
transit. As with the marker study, the protocols are not stan-
dardized among institutions. Although patients refrain from 
taking laxatives or opiates 24 h before the test, a normal diet 
is maintained throughout the study. The isotope is positioned 
in the cecum by the ingestion of a delayed release capsule or 
by orocecal intubation.11 The delayed release capsule, coated 
with the pH-sensitive polymer methacrylate, is comprised of 
activated charcoal or polystyrene pellets labeled with either 
111In or 99mTc. The coating dissolves at the pH of 7.2–7.4 
found in the distal ileum, after which the radioactive mate-
rial is delivered into the colon.40,60 Images are taken with a 
gamma camera at specified intervals, usually at 4, 24, and 
48 h after consumption of the isotope, although this can be 
performed as frequently as twice daily.11,61 Segmental transit 
is usually determined for the ascending, transverse, descend-
ing, and rectosigmoid regions of the colon. The proportion of 
the counts is calculated in each section and then multiplied 
by a weighing factor: 0 for the cecum, 1 for the ascending 
colon, 2 for the transverse colon, 3 for the descending colon, 
4 for the rectosigmoid colon, and 5 for stool.60 The results are 
expressed as the geometric center of the isotope mass at any 
given time point, with a low count indicating that the isotope 
is close to the cecum and a higher count that it has progressed 
more distally.11,61 For clinical use, the total percentage of 
retained isotope as compared to normal data appears to be 
the most convenient reporting system. Scintigraphy corre-
lates well with the radiopaque technique in assessing colonic 
transit, with a similar sensitivity in diagnosing patients with 
slow transit constipation.60 The total exposure to radiation 
is also equivalent.11 Due to its greater costs, in most cases 
scintigraphy serves as a research instrument.

Wireless Motility Capsule

The wireless motility capsule has been proposed as an alter-
native method to determine colonic transit time. This tech-
nique, already proven for the study of gastroparesis, uses a 
capsule containing miniature pressure, temperature, and pH 
measurement devices. The capsule is ingested, after which 
continuous recordings are obtained in an ambulatory setting, 
with the data captured over 5 days via a wireless instrument.59 

In one trial, the results from the capsule approach correlated 
well with those acquired from the radiopaque markers, with a 
similar sensitivity and specificity in detecting abnormal tran-
sit in those patients with constipation.59 The capsule is able 
to gauge phasic colonic contractions but not colonic motor 
patterns.62 This costly procedure is not widely employed but 
is attractive in that radiation exposure is avoided and patient 
compliance is facilitated.59

Techniques to Record Colonic Motility

Colonic motility remains a constantly evolving field of 
study. The techniques by which colonic motility are gauged 
rely upon the monitoring of electrical activity or of intralu-
minal pressure, using surface electrodes or a manometry 
or barostat apparatus, respectively.11 This indirect assess-
ment of colonic motility has been hindered by the instru-
ments available for its measurement, the colonic anatomy, 
and the need for prolonged readings. Recordings are usu-
ally obtained over 6 h in the laboratory and over 24 h in an 
ambulatory setting due to the long colonic transit time, espe-
cially as compared to the small intestine.62 Also, the meth-
ods suffer from an absence of standardization. Although 
evaluations of colonic motility had initially focused upon 
the easily accessed distal colon, subsequent trials have indi-
cated that this segment is not representative of the proximal 
colon. Yet, placement of the intraluminal devices is difficult, 
requiring either oral or nasal intubation or colonoscopy; fur-
thermore, application of the surface electrodes demands sur-
gery. Additionally, the necessity to purge the colon of stool 
may impact the results, producing an increase in the number 
of high amplitude propagated contractions, although these 
findings are conflicting.63,64 Determinations of colonic pres-
sure are further influenced by artifact from extrinsic forces 
such as cough, straining, and sneezing.62 Thus, most of these 
approaches rest in the researchers’ domain and have not 
been assimilated into the standard clinical armamentarium. 
However, significant progress is being gained with these 
tools to understand the physiology and pathophysiology of 
colonic motility.

Manometry

Colonic manometry has been the more frequently employed 
method to measure phasic (brief) colonic contractions. How-
ever, few centers utilize this technique in regular practice. 
In this procedure, a flexible catheter – either a solid-state or a 
water-perfused catheter system – is inserted into the colon. It 
is argued that the water-perfused system increases the amount 
of fluid in the colon, thus altering the results. However, the 
solid-state catheters are fragile, expensive, and sensitive to 
corrosive damage from colonic irritants.65 However, this 
nonperfused system is more convenient and portable, allow-
ing for long-term and ambulatory recordings.66 The validity 
of the readings depends upon the proper placement of the 
catheter. As noted, the introduction of the catheter occurs 



292. Colonic Physiology

via an oral or nasal route, confirmed with fluoroscopy, or by 
colonoscopy. With endoscopy, the catheter is either carried 
along with the colonoscope in a piggyback fashion, grasped 
by biopsy forceps, or is threaded over a guidewire, deposited 
via the colonoscope, under fluoroscopic guidance. The tip 
of the catheter is stationed as far proximal as the transverse 
colon; with direct colonoscopic deployment, the proximal 
transverse colon is reached in all subjects, with the probe 
remaining in position in greater than 80% of cases.65,67–69 To 
adhere to more physiologic conditions, unprepared colons 
are currently advocated, despite the impediment presented 
by the retained stool to the retrograde placement of the 
catheters; in some cases, enemas are instead used. Also, 
to prevent data artifact, minimal air is insufflated via the 
colonoscope and as much aspirated as possible during its 
withdrawal. The patients are often asked to maintain a diary 
to mark events such as bowel movements, flatus, and meals. 
Manometry is well able to detect the changes in intraluminal 
pressure after eating or the administration of a colonic stimu-
lant (e.g., bisacodyl). However, these variations in pressure 
do not consistently correspond to contractions: in a study 
of colonic motility, the simultaneous use of manometry and 
colonoscopy indicated that a majority of pressure fluctua-
tions perceived by the catheter reflected colonic relaxation, 
not contraction.70 Furthermore, manometry does not reliably 
identify all contractions, some of which are not associated 
with an appreciable pressure deflection.9,70 An investigation 
comparing the barostat with manometry suggested that the 
measurements obtained from manometry are also affected 
by the luminal diameter in which the tip of the device lies.70 
However, unlike the barostat, manometry recognizes pat-
terns of motor activity due to the multiple recording sites 
along the catheter.62

Barometry

The colonic barostat device addresses the inability of manom-
etry to record colonic tone, i.e., sustained contractions. As 
with manometry, it is utilized clinically in few centers. The 
instrument includes a compressible polyethylene balloon, 
placed within the colonic lumen, that is attached via tub-
ing to a barostat – a cylinder containing a piston.11 The bal-
loon is maintained at a low constant pressure such that it is 
continuously in close contact with the colon wall in a single 
location.71 Contraction of the colon constricts the balloon, 
reducing its volume by forcing air into the barostat; in con-
trast, colonic relaxation produces an increase in the volume 
of the balloon so as to sustain a constant pressure.11 Changes 
in the volume of the balloon reflect colonic tone, although 
phasic contractions are also assessed.72,73 However, patterns 
of colonic activity cannot be distinguished as measurements 
are obtained in only one site.62 Unlike the manometry tech-
nique, the barostat system is capable of detecting contrac-
tions that do not produce a significant pressure change, even 
in colonic segments wider than 5.6 cm.11

Electrodes

Electrodes have also been applied for the study of colonic 
motility. These devices record the myoelectrical signals 
from the colon that result in muscular activity.74,75 The elec-
trodes are placed on the serosal surface via surgery or on the 
mucosa by colonoscopy. The technique is seldom used due 
to ethical concerns.

Peristalsis

Peristalsis represents the alternating waves of contraction 
and relaxation of the circular muscles of the colon wall. 
Fecal material is propelled antegrade through the colon by 
the contraction of the circular muscle proximal but the relax-
ation of the muscle distal to it, i.e., descending inhibition.11 
During peristaltic activity, the saccular haustra – the product 
of circular muscle contraction – recede and then reform, first 
proximal to and subsequently at the level of the transferred 
material, again giving rise to colonic segmentation.9,41,76 The 
contribution of the longitudinal smooth muscle to colonic 
activity is unknown.9 The average rate of antegrade colonic 
transit is approximately 1 cm/h.9 The peristaltic reflex is 
thought to be initiated by luminal distention and, possibly, 
by chemical stimuli, which stimulate the enteric sensory 
neurons; ultimately, the enteric motor neurons – the effec-
tor cells – are activated via the intermediary of the enteric 
interneurons.11 The interneurons may also directly detect 
changes in smooth muscle length.77 The primary neurotrans-
mitters involved in the peristaltic reflex include the excitatory 
acetylcholine and the inhibitory nitric oxide and adenosine 
triphosphate (ATP).11 Although the enteric nervous network 
primarily controls peristalsis, the extrinsic nervous system 
modifies the reflex, with the sympathetic nerves suppressing 
and the parasympathetic nerves promoting motility, espe-
cially during defecation. Interestingly, the parasympathetic 
nerves also assist in the synchronization of descending inhi-
bition. The antegrade movement of the fecal bolus is further 
dependent upon the radius of the colonic segment, the con-
sistency of the feces, and the pressure differential between 
segments.

Colonic motility adheres to several patterns. Generally, 
contractions vary between tonic and phasic. The poorly 
understood tonic contractions are sustained events of slow 
onset, not necessarily inciting an elevation of the intralu-
minal pressure.76 Bassotti et al. further classify the briefer 
phasic contractile episodes as high and low amplitude propa-
gated contractions and as segmental contractions.71,78

High amplitude propagated contractions – also known 
as migrating long spike bursts, large bowel peristalsis, and 
giant migrating contractions – function to transport large 
volumes of feces over long distances.71,78,79 These con-
tractions are believed to be the manometric equivalent 
of mass movement – first identified on radiographic studies 
of the colon – whereby colonic contents are projected  
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distally in seconds.40,67,80,81 The high amplitude propagated 
contractions transpire between 2 and 24 times a day, with an 
average of approximately five to six times a day.62,71 These 
contractions, with an amplitude of 100–200 mmHg (average 
of 100 mmHg), persist for 20–30 s.62,71 The contraction usu-
ally begins in the proximal colon and is transmitted distally 
for 15 cm or longer, with the velocity gradually increasing to 
as fast as 1 cm/s as the impulse moves caudad.11 A contrac-
tion that starts in the proximal colon is conveyed farther than 
that commencing in the distal colon: 50 cm from the cecum 
and 20 cm from the sigmoid colon.9 More than 95% of these 
contractions proceed antegrade; however, only one-third of 
these contractions result in the transit of fecal material.11,71,78 
Moreover, not all instances of defecation, particularly those 
involving liquid stool, are incited by a high amplitude 
propagated contraction.78 High amplitude propagated con-
tractions are considered the probable origin of the pressure 
spikes that occur upon morning waking (35%) and after 
meals (50%).71 The urge to defecate is likely attributable 
to these contractions.71 Borborigmy is thought also to arise 
from high amplitude propagated contractions.78 The impe-
tus for these contractions is incompletely comprehended. 
These contractions are elicited by cholinergic medications 
(e.g., neostigmine), eating, colonic distention, short-chain 
fatty acids, and laxatives (e.g., bisacodyl).11 However, only 
in 50% of cases does colonic distention produce propagat-
ing activity.78 In patients with constipation, high amplitude 
propagated contractions are decreased in number, ampli-
tude, extent, and speed.

The low amplitude propagated contractions are still 
less understood. These contractions (5–40 mmHg) – also 
referred to as long spike bursts – last for 3 s.71 As with the 
high amplitude propagated contractions, these contractions 
are strongly related to meals and the sleep-wake cycle. There 
may be an association with the passage of flatus and, in par-
ticular, liquid stool.82,83 Similar to the high amplitude propa-
gated contractions, these contractions are likely provoked by 
colonic distention.71 The mechanisms by which these two 
propagated contractions are regulated remain unclear. How-
ever, propulsive activity depends upon a functional enteric 
nervous system.71

Segmental contractions, presenting singly or in rhythmic 
or arrhythmic bursts, account for the majority of colonic 
activity, particularly at rest.78 These contractions appear 
with an amplitude of 5–50 mmHg.71 Found primarily in the 
ascending and transverse colon, this activity produces local-
ized contractions of the circular and longitudinal muscles, in 
effect segregating the haustrae.71 These segmental contrac-
tions, the correlate of myoelectical short spike bursts, result 
in the slow, sequential antegrade or retrograde movement of 
colonic contents among the haustra, allowing for mixing of 
the material.13 Additionally, contact with the mucosal sur-
face is maximized, which permits the absorption of intestinal 
water and electrolytes.71 Only 6% of segmental contractions 
are rhythmic, with a frequency of 2–8 cycles per minute; 

however, in the rectosigmoid region, a slower interval of 3 
cycles per minute is preeminent, possibly giving rise to a 
physiologic sphincter to aid in continence.9,78,83

Unlike other mammals, humans possess a colon in which 
cyclic motility is absent.78 The human rectum, however, does 
display such cyclic activity, the rectal motor complex. The 
rectal motor complex is comprised of phasic contractions 
with amplitude of more than 5 mmHg. These phasic con-
tractions appear at a cycle of 2–3 per minute, with each per-
sisting for approximately 3 min. Yet, the interlude between 
these contractions ranges from 10 to 260 min. This phasic 
activity in the rectum and, potentially, the rectosigmoid may 
contribute to fecal continence, as it is correlated with an ele-
vated anal canal pressure; this role is further suggested by 
the greater prominence of this activity at night.

Cellular Basis of Motility

Colonic motor activity is driven and coordinated by the 
interstitial cells of Cajal, the intestinal pacemaker cells.84 In 
the absence of these cells, the intestinal smooth muscle is 
inactive.85 The interstitial cells of Cajal arise from smooth 
muscle precursor cells; that is, the cells are of mesenchy-
mal, not neuronal, origin.86 These cells are classified by their 
location as ICC

MY
 – in the myenteric plexus, between the 

muscular layers; ICC
SM

 – in the submucosal surface of the 
circular muscle; and ICC

IM
 – within the circular and longi-

tudinal muscles.87 The interstitial cells of Cajal are linked 
to the individual smooth muscle cells via intracellular gap 
junctions; the similarly coupled smooth muscle cells func-
tion as a single unit, a syncytium.9 The gap junctions allow 
for the passage of current – predominantly slow waves – 
from the interstitial cells of Cajal to the smooth muscle 
syncytium, leading to its depolarization.86 The interstitial 
cells of Cajal are believed to be mechanosensitive, able to 
transduce stretch stimulus from the distended colonic lumen 
into electrical activity.88 The ICC

SM
 – the primary pacemaker 

cells –  continuously generate high amplitude slow waves, at 
a frequency of 2–4 per minute, within the circular muscle 
layer.9 Unlike the other types of interstitial cells of Cajal, the 
ICC

SM
 are present only within the colon, solely in its proxi-

mal portion.86 A slow wave of sufficient charge produces a 
smooth muscle action potential, allowing for an influx of 
calcium into the smooth muscle cells via the L-type calcium 
channels and, thus, a brief contraction.76 The amplitude of the 
slow waves is greatest at the submucosal surface of the circu-
lar muscle, diminishing while traveling through the muscular 
wall.89 Slow waves migrate antegrade and retrograde along 
short segments of the colon, rapidly in the circumferential 
and slowly in the longitudinal axis; as waves of different 
inception meet, their propagation ceases, giving rise to non-
propulsive mixing activity.9,85 A second pacemaker site may 
involve the ICC

MY
. In addition to the slow waves, the ICC

MY
 

may initiate low amplitude myenteric potential oscillations 
(MPOs) at a frequency of 12–20 per minute, which are 
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conveyed to the circular and longitudinal smooth muscle.9 
The MPOs possibly are the source of propagating contrac-
tions.9 Moreover, the ICC

MY
 synchronize the activity of the 

circular and longitudinal layers of the smooth muscle.86 As 
opposed to the ICC

SM
, the ICC

MY
 are widespread throughout 

the colon.86 The etiology of the intrinsic electrical activity of 
the ICC

MY
 and ICC

SM
 is uncertain but may involve calcium 

regulated nonselective cation channels or large-conductance 
chloride channels; the oscillations from the interstitial cells 
of Cajal remain even the absence of extrinsic neural input.9 
The ICC

IM
 are thought to mediate such extrinsic input – from 

the enteric and autonomic neural networks – upon smooth 
muscle function; the release of acetylcholine and nitric oxide 
from excitatory and inhibitory neurons, respectively, results 
in alterations in the activity of the ICC

IM
.9,88 Furthermore, the 

ICC
IM

 appear to augment the slow waves and MPOs from 
the ICC

SM
 and ICC

MY
, respectively, as they are transmitted 

along the smooth muscle syncytium.9 Much still remains to 
be elucidated about the cellular basis of colonic motility.

Characteristics of Colonic Motility in Health

Manometry studies have demonstrated a noncyclical pattern 
of colonic activity.11 The variations in colonic activity are 
mirrored by changes in colonic tone.83 The human colon fol-
lows a circadian rhythm in which sleep is associated with its 
relaxation and, thus, with a marked diminution of its pressure 
activity.65,90 However, as previously noted, the rectum and 
rectosigmoid display continued phasic activity during the 
night. Immediately after morning waking, a two- to three-
fold increase in colonic pressure activity – likely due to high 
amplitude propagated contractions – occurs, inciting an urge 
to defecate in some cases. A similar rise in colonic activity 
transpires during brief night-time arousals or during REM 
sleep.71 The mechanism by which the colon rapidly responds 
to these alterations in wakefulness is unknown. During the 
day, the transverse and descending colon reveal more pres-
sure activity than the rectosigmoid colon. Moreover, less 
activity is seen in the transverse and descending colon of 
women, as compared to men.65

Oral intake also impacts colonic activity. Within 1–3 min 
of the initial bites of a meal, long before the food reaches 
the colon, segmental contractions begin in the proximal and 
distal colon, persisting for 2–3 h.65,91 This colonic motor 
response to eating, or gastrocolic reflex, also features a 
concomitant increase in the colonic smooth muscle tone, 
especially in the proximal colon, often affiliated with high 
amplitude propagated contractions.39,41,71 The colon exhibits 
regional differences in its response to a meal: the proximal 
colon evinces a swifter but briefer duration of contractile 
activity than the distal colon.71 Although infrequently identi-
fied during scintigraphic studies, retrograde propulsion most 
commonly appears after meals as well as during morning 
waking.65 Colonic motility is instigated by a higher calorie 
meal (more than 500 kcal), fat, and, to a lesser degree, 

carbohydrates; in contrast, proteins inhibit motor function.71 
The colonic response to eating includes two phases: an ini-
tial stimulation of the gastro-duodenal wall mechano- and 
chemoreceptors and a subsequent activation of receptors 
in the colonic wall.71 The means by which the gastrocolic 
reflex arises is unclear but may involve cholecystokinin, 
gastrin, serotoninergic input, or cholinergic stimuli. How-
ever, cholecystokinin antagonists do not block the reflex; 
also, infusions of high dose cholecystokinin have no effect 
upon colonic activity although pancreatic exocrine secre-
tion and gallbladder contraction are maximally stimulated.92 
Interestingly, the colonic motor response to eating persists 
following a gastrectomy or spinal injury; yet, the colon must 
be in continuity for the reflex to take place.71

Stress, both physical and emotional, also influences 
colonic function. One study found that psychological stress 
induced a significant increase in propagating contractions, 
both in their frequency and amplitude, throughout the colon, 
even in the absence of an appreciable autonomic response.93 
Despite the withdrawal of the stressor, the augmented motor 
activity endured.93 In contrast, physical stress, consisting of 
exposures to extremes of temperature, precipitated a signifi-
cant elevation in the frequency and amplitude of simultane-
ous contractions, which ceased immediately after the activity 
stopped.93 In some trials, low and high amplitude propagated 
contractions are stimulated by acute physical exercise.71,94

Defecation

The process of defecation involves the entire colon, not 
solely the anus and rectum. As already described, the 
majority of colonic activity – the segmental contractions – 
serve to retain fecal material so as to promote the salvage 
of intestinal water and electrolytes. However, periodically, 
colonic activity shifts in order to foster the expulsion of 
stool. Approximately 1 h prior to the act of defecation, an 
involuntary preexpulsive phase is initiated, in which the 
frequency and amplitude of antegrade nonpropagating and, 
particularly, propagating contractions steadily increase 
throughout the whole colon.95 The early component of the 
preexpulsive phase – the first 15–60 min – is characterized 
by propagating contractions that initially arise from the 
proximal colon but subsequently from the distal colon; this 
initial sequence is thought to transport stool into the distal 
colon, thus stimulating distal colonic afferent nerves, which 
in turn provoke further propagating sequences.9,95 During 
the late phase, consisting of the last 15 min, the point of 
origin of these contractions reverses from the distal to the 
proximal colon.9,95 Scintigraphic studies reveal that, in one 
bowel movement, 20% of the ascending colon can be emp-
tied; other evaluations indicate that nearly the entire colon 
may be evacuated of stool in a single defecatory action.9,96 
A number of investigations identified antegrade high ampli-
tude propagated contractions in close temporal relation to 
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defecation; yet, not all of these contractions necessarily 
 precede or end in  defecation.78,97,98 However, at least one 
high amplitude propagated contraction of very high ampli-
tude usually coincides with the urge to defecate.95 While the 
early activity is unnoticed, the late phase is often associated 
with the urge to defecate that occurs prior to the voluntary 
act of fecal evacuation.95

Colonic Sensation

Colonic sensation has proved a complicated, poorly under-
stood topic. The normal physiologic processes of the healthy 
colon are largely unnoticed, with only fullness and an urge 
to defecate consciously perceptible.11 The colon itself con-
tains no specialized sensory end organs.41 However, naked 
nerve endings lie within the serosa, muscularis propria, and 
mucosa of the colon while Pacinian corpuscles are found 
in the mesentery.9 Afferent nerve fibers reach the central 
nervous system via parasympathetic pathways and spinal 
afferent nerves, both of which display mechano- and chemo-
sensitivity.99 The parasympathetic fibers convey sensory 
information from the proximal colon via the vagus nerve 
to cell bodies in the nodose and jugular ganglia and, from 
the distal colon, by the pelvic splanchnic nerves.13,41,99 The 
precise role of the parasympathetic afferent fibers remains 
unknown but likely involves unconscious reflex sensation, 
not painful stimuli.9 Sensory input from the colon is chiefly 
detected by spinal afferent neurons, primarily by those with 
their cell bodies within the lumbar dorsal root ganglia.8,9,99 
These lumbar spinal afferent nerves travel with the sym-
pathetic fibers within the lumbar splanchnic nerves from 
the colon by way of the inferior mesenteric ganglia.9 The 
lumbar spinal afferent fibers conclude in sensory endings 
throughout the entire large intestine, whereby pain, colorec-
tal distention, mesenteric traction, and noxious mucosal 
stimuli are discerned.9 In contrast, the sacral spinal affer-
ents, with their cell bodies in the sacral dorsal root ganglia 
of S2–4, are thought to be concerned with a sensation of 
rectal fullness and an urge to defecate.9 These sacral spi-
nal afferent fibers are borne along with the parasympathetic 
pelvic splanchnic nerves.8

Visceral pain sensation is carried by rapidly conducting 
Ad fibers or by unmyelinated C fibers.11 The Ad fibers are 
associated with the more localized “discriminative” pain, 
which persists for as long as the stimulus, and the C fibers 
in the diffuse “affective-motivational” pain, which contin-
ues beyond the duration of the catalyst.11 Sensory informa-
tion is transported to the brain along the spinothalamic and 
spinoreticular tracts as well as by the dorsal column of the 
spinal cord.11 The spinothalamic tracts specifically transmit 
sensation from the Ad and C fibers to the somatosensory cor-
tex via the lateral thalamic nuclei or to the frontal, parietal, 
and limbic regions by means of the medial thalamic nuclei, 
respectively.11

The modulation of visceral sensation occurs through 
 several methods. Enteroenteric reflexes mediated by the 
spinal cord produce variations in the smooth muscle tone, 
leading to changes in the activation of the nerve endings 
in the intestine or mesentery.100 The perception of visceral 
pain is influenced by descending noradrenergic and seroton-
ergic pathways that emanate from the reticular formation, 
hypothalamus, and frontal cortex. These fibers project to the 
dorsal horn of the spinal cord, where they modify noxious 
input from the visceral afferent nerves.13 This mechanism 
likely explains the experience of wounded soldiers who feel 
no pain in the midst of battle.101 The intersection of visceral 
spinal afferent nerves with somatic afferent nerves in the 
dorsal horn of the spinal cord produces the phenomenon 
of referred pain, in which visceral sensation is consciously 
recognized as somatic pain, located in a dermatome of the 
same embryologic origin as the visceral structure: T8–T12 
for the midgut and T12–L2 for the hindgut.8,13,101 In addition, 
visceral afferent nerves from the colon relay information via 
collaterals to the reticular formation and thalamus, which 
induce alterations in affect, appetite, pulse, and blood pres-
sure through autonomic, hypothalamic, and limbic system 
connections.13,102

Disturbances in Colonic Physiology

Physiology of Constipation

Constipation is a common complaint, with a prevalence of 
2–28% among Western populations.103 This disorder refers 
to infrequent bowel movements (fewer than three per week); 
hard or lumpy stools; incomplete evacuation; a sensation 
of anorectal obstruction; the need for manual maneuvers 
to facilitate defecation; and/or excessive straining.104 Indi-
viduals with constipation are an incredibly heterogeneous 
group. Distinct subtypes of constipation exist, each requir-
ing different treatment modalities; however, even within 
these subtypes, there may be wide variability in the clinical 
presentation and pathophysiologic etiology. The causes for 
constipation range from dietary, pharmacologic, structural, 
to systemic.

Many people become constipated due to dietary and life-
style neglect. In the USA, fiber intake is overall low. Two 
primary roles of the colon, solidifying liquid chyme into 
stool and defecation, are dependent upon adequate dietary 
fiber: dietary fiber “normalizes” large bowel function.105,106 In 
particular, the bulkier stool produced by fiber supplementation 
stimulates propulsive activity, thus decreasing colonic transit 
time.103 The recommendation for adequate fiber intake ranges 
from 20 to 35 g/day for adults.107 For an individual on a 
1,500–2,000 kcal/day diet, in order to include 15 g of fiber, 
11 servings of refined grains and 5 servings of fruits and 
vegetables must be consumed.105 Fiber is classified as either 
soluble or insoluble, acting by differing mechanisms to 
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increase stool weight. Soluble fibers such as oat bran provide 
rapidly fermentable material to the proximal colon, which 
allows for sustained bacterial growth.108 The consequent 
higher bacterial content of the stool results in the greater 
fecal mass.108 In an average bowel movement, 50% of the 
stool weight consists of bacteria.103 Also, soluble fibers cause 
a rise in the excretion of lipid and fat, further boosting stool 
weight.108 In contrast, poorly fermentable insoluble fibers such 
as wheat bran, cellulose, and lignin augment stool weight by 
providing more undigested plant material for evacuation.108 
One gram of wheat bran generates 2.7 g of stool.103 Wheat 
bran also promotes fat excretion, but not to the extent of oat 
bran.108 The outcomes of fiber supplementation as a treatment 
for constipation have yielded conflicting data.

Constipation may be seen more commonly in sedentary 
individuals. The Nurses Health Study suggested that those 
women who engaged in daily strenuous activity were 44% 
less likely to experience constipation than those who exer-
cised less than once a week.109 During exercise, phasic and 
propagating motor activity is diminished in the colon, with the 
effect more pronounced with more vigorous effort; however, 
after the physical exertion is completed, an increase in the 
frequency and amplitude of the propagating pressure waves 
is demonstrated, possibly due to the restoration of parasym-
pathetic input.68 This postexercise pattern may precipitate 
the propulsion of feces.68 During or after exercise, individu-
als often report an urge to defecate or defecation itself.109 In 
fact, abdominal cramps and diarrhea are frequently related 
by runners.110,111 However, in a small study of the impact of 
regular exercise – 1 h a day, 5 days a week – upon chronic 
idiopathic constipation, there was no symptomatic improve-
ment in the eight subjects after 4 weeks of increased activ-
ity.112 Moreover, a small study examining colonic transit in 
otherwise sedentary men after mild exercise, consisting of 
1 h of walking on a treadmill for 3 days/week, showed no 
significant difference in the passage of radiopaque markers 
as compared to baseline.113

Idiopathic slow transit constipation involves ineffectual 
colonic propulsion, resulting in a measurable delay in the 
movement of fecal material through the colon. The sever-
ity of the presentation is variable, with the most intractable 
cases referred to as colonic inertia. These patients with slow 
transit constipation, usually women, have fewer than one 
bowel movement per week, often in association with abdom-
inal pain, a lack of an urge to defecate, malaise, fatigue, or 
bloating.103 Little benefit is gained from dietary fiber sup-
plementation, which, conversely, may cause worsened con-
stipation, or from laxatives.103 The symptoms often arise 
during puberty and steadily deteriorate over time.103 Retarded 
colonic transit in these individuals is either pan-colonic or 
segmental.60 Slow transit constipation is consistently affili-
ated with a blunted colonic motor response to eating (i.e., 
gastrocolic reflex), including both propulsive and segmental 
contractions.60,64,83 In contrast, in patients with colonic iner-
tia, there is no colonic response to a meal.103 A significant 

decrease in the frequency as well as the amplitude of high 
amplitude propagated contractions is demonstrated in slow 
transit constipation, leading to reduced colonic propulsive 
activity.41,64,71,114,115 Furthermore, the preexpulsive phase of 
the defecatory process is depressed.103 Conflicting results 
have been obtained from investigations into excessive, dis-
organized rectosigmoid phasic activity – a “brake” to ante-
grade propulsion – as a factor in slow transit constipation.60,64 
Histological evaluations reveal a marked decrease in the pop-
ulation of myenteric plexus neurons; however, of the neu-
rons present in the myenteric plexus, those that produce the 
potent inhibitory neurotransmitter nitric oxide are vastly pre-
dominant, especially as compared to controls.116 Slow tran-
sit constipation also features a significant reduction in the 
interstitial cells of Cajal either throughout the colon or solely 
in the sigmoid colon.84,117,118 Moreover, the morphology of 
the existing cells is seen to be strikingly abnormal, demon-
strating few dendrites and an irregular surface.103 Colonic 
transit studies of slow transit constipation reveal retention of 
more than 20% of the radiopaque markers 5 days after their 
 ingestion.103

Obstructed Defecation

Obstructed defecation usually results from abnormalities in 
pelvic as opposed to colonic function. Typically, this disor-
der is associated with failure of the puborectalis muscle to 
relax during defecation, producing a functional – not a phys-
ical – obstruction.11 Anatomic abnormalities also causing 
obstructed defecation include rectocele, enterocele, excessive 
perineal descent, and rectal intussusception. These patients 
report inordinate straining, incomplete evacuation, painful 
defecation, infrequent bowel movements, and digital anal 
disimpaction.103 Among the diagnostic tests for obstructed 
defecation are anorectal manometry or electromyelography, 
balloon expulsion, barium defecography, and dynamic MRI. 
A defecogram may identify retention of 50–100% of the 
instilled barium in the rectum of patients with obstructive 
defecation.58 Colonic transit studies in these patients dem-
onstrate collection of six or more radiopaque markers in the 
distal colon, indicating partial evacuation of the rectum.58,119 
Two-thirds of patients with obstructive defecation may dis-
play a concurrent pattern of slow transit constipation.58

Obstructed defecation rarely arises from a colonic 
source – a sigmoidocele. In this variant, a redundant sigmoid 
colon descends into the rectovaginal pouch (of Douglas) 
during defecation, impinging upon the rectum during 
attempted evacuation.120 In one study of 463 patients with 
constipation, fecal incontinence, or chronic idiopathic 
rectal pain, a sigmoidocele was diagnosed on defecography 
in 5.2%.120 Defecography is the primary method of diagnosis 
of a sigmoidocele. The severity of a sigmoidocele is 
determined by the extent of its decline into the pelvis, as 
 compared to the pubococcygeal and ischiococcygeal lines.120 
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While third degree sigmoidoceles likely benefit from a 
 sigmoid  colectomy, the significance and optimal manage-
ment of first and second degree sigmoidoceles are not fully 
understood.120 The clinician should also be cognizant of con-
comitant pelvic floor disorders in these patients.

Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is a functional disorder with 
multiple manifestations: constipation-predominant (IBS-C), 
diarrhea-predominant (IBS-D), and mixed (IBS-A). Irritable 
bowel syndrome is characterized by altered bowel habits and 
chronic, recurring abdominal pain directly related to defe-
cation, in the absence of an anatomic abnormality.54 Extra-
colonic complaints include lower back pain, lethargy, nausea, 
urinary symptoms, dyspareunia, and dysmenorrhea.121 The 
etiology of irritable bowel syndrome is unclear but is believed 
to involve visceral hypersensitivity to intraluminal stimuli.54 
Aberrant motility, inflammation, anomalies in extrinsic auto-
nomic innervation, abnormal brain–gut interaction, and the 
role of psychosocial factors have also been extensively inves-
tigated. Hormonal factors may be involved, as symptoms are 
often increased perimenstrually; however, the complaints 
persist even in the absence of menses.122 The treatment of IBS 
is based on the nature and severity of symptoms.  Education, 
reassurance, and the elimination of foods that incite the typi-
cal complaints are the initial interventions. In some patients, 
fiber supplementation exacerbates the IBS.121 For those who 
do not respond to conservative measures, medication is con-
sidered. However, the pharmacologic therapy of IBS-A has 
not been well studied.

In approximately one-third of patients with irritable 
bowel syndrome, constipation is the main feature (IBS-C). 
Women are primarily affected by IBS-C. The majority of 
these patients demonstrate normal colonic transit and motil-
ity patterns, although there is a possible overlap with slow 
transit constipation.123 Tegaserod, an agonist of the 5-HT

4
 

receptor that is involved in the metabolism of serotonin, 
showed promise as a treatment of IBS-C but was withdrawn 
by the Food and Drug Administration in 2007 due to a high 
incidence of myocardial infarction, stroke, and unstable 
angina.124,125 In some studies, probiotics such as Lactoba-
cillus and Bifidobacterium produce variable degrees of 
alleviation of IBS symptoms such as pain.126 Lubiprostone 
(Amitiza®, Sucampo Pharmaceuticals, Inc., Bethesda, MD), 
a prostaglandin E1 analog, activates type 2 chloride chan-
nels on the apical membrane of colonic epithelial cells.127,128 
This medication promotes intestinal fluid secretion and, 
indirectly, colonic motility in patients with IBS-C.128 Stud-
ies of lubiprostone revealed significant improvement in stool 
frequency and consistency, abdominal discomfort and pain, 
straining, and bloating.128 Cholecystokinin, found in elevated 
levels in the plasma and sigmoid colon of IBS-C patients, 

has been  implicated in the pathogenesis of IBS: infusion of 
cholecystokinin induces typical symptoms of irritable bowel 
syndrome.129,130 However, in a randomized trial, the CCK-1 
receptor antagonist dexloxiglumide led to no amelioration 
in IBS symptomology; moreover, overall colonic transit was 
unchanged, although emptying of the ascending colon was 
delayed.130 However, a pilot study of a similar CCK-1 receptor 
antagonist, loxiglumide, yielded some improvement in IBS 
symptoms.131 A randomized trial of neurotrophin-3, a protein 
growth factor integral to the development of the enteric ner-
vous system, in constipated patients revealed more frequent 
spontaneous bowel movements, a more rapid colonic transit 
time, and a reduction in associated symptoms.132 Approxi-
mately one-third of subjects experienced transient injection 
site reactions after subcutaneous administration.132

Diarrhea-predominant irritable bowel syndrome is 
encountered in approximately one-third of patients with IBS. 
The majority of men with irritable bowel syndrome experi-
ence the diarrhea-predominant type. This subtype is often 
affiliated with urgency and fecal incontinence.121 IBS-D may 
follow an episode of acute gastroenteritis, pelvic surgery, or 
emotional stress.11 Some patients with IBS-D display accel-
erated proximal colonic transit, with an increased frequency 
of high and low amplitude propagated contractions.11,78 Addi-
tionally, the colonic motor response to eating is enhanced in 
a proportion of these patients, resulting in an intense urge 
to defecate and abdominal pain immediately after meals.11 
Rectal hypersensitivity is also a feature in some of these 
patients.11 Antispasmodics such as hyoscine are prescribed 
for those with abdominal pain and bloating, especially after 
meals. Low-dose tricyclic antidepressants (e.g., amitrip-
tyline) are added when the pain is more constant and even 
disabling; these medications function not as mood stabiliz-
ers but instead act directly on the gut and central pain pro-
cessing.121,124,133 Loperamide is an antidiarrheal agent safe for 
long-term use.121 Diarrhea is effectively addressed by selec-
tive serotonin 5-HT

3
 antagonists such as Alosetron. This 

drug was initially FDA approved in March 2000, only to be 
retracted due to reports of ischemic colitis, severe constipa-
tion, and even death.134 In June 2002, it was adopted solely 
for women with chronic, severe IBS-D.135 However, the 
medication may only be supplied by physicians participat-
ing in the Prometheus Prescribing Program, after the patient 
signs a patient–physician agreement.135 Further investigation 
into these novel pharmaceuticals for IBS is required.

Ogilvie’s Syndrome

Ogilvie’s syndrome, initially described in 1948, is also 
known as acute colonic pseudo-obstruction. This disorder 
is characterized by an imbalance of autonomic innervation 
to the colon: the inhibitory sympathetic input exceeds that 
of the excitatory parasympathetic nerves.136 A massively 
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dilated colon – particularly the proximal colon – results 
from the consequent suppression of peristaltic activity.136 
The  specific source for the initial motor disturbance that 
allows for this scenario is unknown.136 One hypothesis 
ascribes this functional obstruction to impairment of the 
pelvic (parasympathetic) splanchnic nerves supplying the 
distal colon,  giving rise to an atonic segment, lacking peri-
staltic function.136 Acute colonic pseudo-obstruction has 
been reported  concurrent with infectious or inflammatory 
(e.g., acute pancreatitis), cardiovascular (e.g., myocardial 
infarction), metabolic (e.g., hypokalemia), postoperative 
(e.g., spinal or pelvic surgery), posttraumatic, neurologic 
(e.g., Alzheimer’s disease), respiratory (e.g., pneumonia), 
and neoplastic causes (e.g., metastatic disease); drugs (e.g., 
antidepressants); and old age.136 As indicated by the law 
of LaPlace (wall stress = [(transmural pressure) × (radius)]/
wall thickness), the cecum is at greatest risk of perforation 
in light of its thin wall and large diameter.137 Despite symp-
toms and signs consistent with a large bowel obstruction, no 
mechanical blockade is present. The management of Ogil-
vie’s syndrome begins with eliminating the presence of a 
physical obstruction with a water-soluble contrast enema. 
In the majority of cases, colonic dilatation responds to con-
servative therapy, including nasogastric decompression, 
 correction of fluid and electrolyte abnormalities, cessation 
of antimotility medications such as opiates, and remedy of 
the underlying illness.138 In the absence of peritoneal signs 
or a cecal diameter greater than 12 cm on radiographic stud-
ies, conservative measures may be continued for 48–72 h. 
This approach is associated with a 14% mortality rate.136 
The colon may also be mechanically decompressed via 
colonoscopy, although, in one study, this difficult procedure 
in an unprepared colon was affiliated with a 1.7% morbid-
ity and a 3.4% mortality rate; yet, colonoscopic decom-
pression was successful in 79.3% of cases, albeit with a 
recurrence in 20% of patients.139 Pharmacologic treatment 
has become the mainstay of management for acute colonic 
pseudo-obstruction if conservative measures fail. Neostig-
mine (2–2.5 mg IV over 1–60 min), an acetylcholinesterase 
inhibitor, provides a surfeit of acetylcholine to the enteric 
neurons and the neuromuscular junctions, thus inducing 
propagating contractions, specifically high amplitude prop-
agating contractions, and the prompt evacuation of stool 
and flatus.62,138,140 In a double-blind randomized trial, the 
initial clinical response to neostigmine was 91%, as com-
pared to 0% among those receiving a placebo; colonic dis-
tention recurred in two patients (18%) given neostigmine, 
ultimately requiring a subtotal colectomy in one patient.138 
Administration of neostigmine may produce bradycardia, 
abdominal pain, vomiting, and excessive salivation.138 Alter-
native, less-studied pharmacologic treatments are comprised 
of 5-HT

4
 receptor agonists (e.g., cisapride), motilin receptor 

agonists (e.g., erythromycin), muscarinic receptor agonists 
(e.g., bethanechol), neurotrophins (e.g., NT-3), nitric oxide 

synthase inhibitors (e.g., nitro-l-arginine methyl ester), and 
somatostatin analogs (e.g., octreotide).136 Surgical treat-
ment – a cecostomy tube or a subtotal colectomy – is a final 
option if less invasive techniques are unsuccessful. Even in 
a nonemergent setting, surgery has a 30% mortality rate.136 
However, failure to decompress the colon may yield cecal 
ischemia and/or perforation in 14–40% of cases; the mortality 
of these patients increases to 40–50%.136

Implications of Colonic Physiology  
for the Surgeon

Why is an understanding of colonic physiology important for 
the surgeon? Knowledge of the embryologic development of 
the colon is essential when considering nerve preservation, 
vascular supply, and resection margins during colectomies. 
The poorly understood topic of colonic motility impacts 
surgeons, particularly in the phenomenon of postoperative 
ileus. In a murine model of postoperative ileus, a reduction 
in the number of interstitial cells of Cajal was evident on 
both sides of the colonic anastomosis within hours of the sur-
gery; as a consequence, fewer slow waves were identified in 
that particular segment, possibly giving rise to postoperative 
ileus.88 Various disorders of colonic motility may stem from 
abnormalities of the interstitial cells of Cajal. These cells are 
significantly depleted in the colons of patients with diver-
ticulosis and with slow transit constipation.141 As basic sci-
ence research advances, the surgeon ultimately will be called 
upon to evaluate and apply novel pharmaceuticals to reduce 
the impact of postoperative ileus as well as to treat other dis-
orders of colonic motility. Surgeons also will invariably be 
consulted to assess the suitability of surgical management 
for abnormalities of colonic motility such as colonic inertia 
and intractable constipation.

The resection of a portion or the entirety of the colon can 
have profound functional ramifications for the patient. Prior 
to a colectomy, the surgeon optimally should discuss these 
possible outcomes with the patient. Postoperatively, the phys-
iologic consequences of a colectomy must be managed. For 
instance, a patient with a new ileostomy requires counseling 
regarding adequate fluid and salt intake to compensate for 
the loss of the colon. Furthermore, defecatory  dysfunction – 
frequent bowel movements, urgency, or soiling – may occur 
after a low anterior resection. Subsequent to the procedure, 
injury of the parasympathetic pelvic splanchnic nerves due 
to dissection around the inferior mesenteric artery may pro-
duce a denervated colonic segment with an increased colonic 
transit time and a greater proportion of nonpropagating con-
tractions.142 The neorectum demonstrates a decline in com-
pliance postoperatively, although the maximum tolerated 
volume returns to normal 6 months later.143 Yet, the volume 
needed to elicit the recto-anal inhibitory reflex is persistently 
reduced even 1 year after surgery.143
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Conclusion

The colon has proven an enigmatic organ. Its major roles – 
the salvage of intestinal water and electrolytes, the storage of 
fecal material, and the production of short-chain fatty acids – 
seem unambiguous. However, the mechanisms underlying 
its physiologic and pathophysiologic processes remain dif-
ficult to define. Although not essential for life, its normal 
function is integral to our well-being.
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Anorectal Physiology
Richard E. Karulf

Normal bowel continence and evacuation are complex 
 processes that involve the coordinated interaction between 
multiple different neuronal pathways and the pelvic and 
perineal musculature.1 The importance of the anatomic 
relationships of the pelvic floor in maintaining normal con-
tinence has been suggested since the 1950s.2 However, the 
complex series of neural and behavioral-mediated inter-
actions, combined with a lack of an ideal study to take all 
elements into account, makes complete understanding of 
anorectal anatomy and physiology’s role in preserving conti-
nence difficult.3 Complicating this are multiple other factors 
that play a role in normal regulation such as systemic dis-
ease, sphincter integrity, bowel motility, stool consistency, 
evacuation efficiency, pelvic floor stability, cognitive and 
emotional affects.4

The anus and rectum have been observed, dissected, mea-
sured, and recorded in every imaginable condition to try 
to explain their unique ability to voluntarily withhold and 
evacuate both solid stool and flatus. Conventional anorectal 
physiology testing using techniques such as manometry, 
endoanal ultrasound, electrophysiologic studies, and defec-
ography help to elucidate anorectal structures and function. 
However, diagnostic dilemmas occur when patients report 
normal function with grossly abnormal test results or abnor-
mal function with a normal test profile. Physicians with an 
in-depth knowledge of normal and abnormal anorectal phys-
iology can apply results in a meaningful way to diagnose and 
direct therapy while searching for other, currently unmea-
sured, factors. This chapter reviews the current knowledge 
regarding muscular, neurologic, and mechanical factors.

Muscles of the Pelvic Floor  
and Sphincter Complex

Control of stool can be thought of as a pressure vector dia-
gram, with continence represented as a balance of propul-
sive and resistive forces. Contraction of the muscles of the 
pelvic floor and sphincter complex provides resistance and 

tone is noted during periods of rest or deep sleep.  Voluntary 
 contraction of the puborectalis and external sphincter increase 
resistance and defers defecation. The anal sphincter is not 
a paired muscle structure, like the biceps and triceps in the 
arm; there is no extensor ani muscle. Evacuation occurs when 
propulsive forces (increased intra-abdominal pressure and 
peristalsis of the colon and rectum) overcome the resistance 
of the pelvic floor and sphincter muscles. Simple skeletal or 
smooth muscles alone cannot perform these functions.

The pelvic floor consists of a striated muscular sheet 
through which viscera pass. This striated muscle, the paired 
levator ani muscles, is actually subdivided into four mus-
cles defined by the area of attachment on the pubic bone. 
The attachments span from the pubic bone, along the arcus 
tendineus (a condensation of the obturator fascia), to the 
ischial spine. The components of the levator ani are therefore 
named the pubococcygeus, ileococcygeus, and ischiococcy-
geus. The pubococcygeus is further subdivided to include 
the puborectalis. Between the urogenital viscera and the anal 
canal lies the perineal body. The perineal body consists of 
the superficial and deep transverse perinei muscles and the 
ventral extension of the external sphincter muscle to a tendi-
nous intersection with the bulbocavernosus muscle.5

The fourth sacral nerve innervates the levator ani muscles. 
Controversy continues regarding the innervation and ori-
gin of the puborectalis muscle. Cadaver studies differ from 
in vivo stimulation studies as to whether the puborectalis 
muscle receives innervation only from the sacral nerve or 
also from the pudendal nerve. Comparative anatomy and his-
tological studies of fiber typing also support the inclusion 
of the puborectalis muscle with the sphincter complex and 
not as a pelvic floor muscle. In addition, electromyography 
(EMG) studies of the external anal sphincter (EAS) and pub-
orectalis muscle indicate that the muscles function together 
with cough and strain.6

The rectal smooth muscle consists of an outer muscu-
laris mucosa, inner circular muscle, and the outer longitu-
dinal layer. The inner circular muscle forms the valves of 
Houston proximally and distally extends down into the anal 
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canal becoming the internal anal sphincter (IAS). This is not 
a  simple extension of muscle as there are histologic differ-
ences between the upper circular muscle and the IAS. For 
instance, the IAS is thicker than the circular muscle due 
to an increased number of smaller muscle cells. The outer 
longitudinal layer surrounds the sigmoid colon coalescing 
proximally into thicker bands called taenia coli. This same 
layer continues down to the anorectal junction where it 
forms the conjoined longitudinal muscle along with fibers 
from the pubococcygeus muscle. Distally, this muscle lies in 
the intersphincteric plane and fibers may fan out and cross 
both the internal and EAS muscles. In an ultrasound view of 
the anal canal, the longitudinal muscle is seen as a narrow 
hyperechoic line in the intersphincteric space.

The puborectalis muscle, EAS, and IAS muscles are easily 
viewed with endoanal ultrasound. In the hands of an expe-
rienced ultrasonographer, the technique is highly sensitive 
and specific in identifying internal and external sphincter 
defects.

External Anal Sphincter

Anatomical and sonographic studies indicate that the EAS 
begins development, along with the puborectalis muscle, at 
9–10 weeks gestation. At 28–30 weeks it is mature and the 
anal sphincter then consists of three components, the stri-
ated puborectalis muscle, the smooth IAS muscle, and the 
smooth and striated EAS muscle.7 Further differentiation of 
the EAS into two or three components is highly debated. In 
1715, Cowper described it as a single muscle. Later, Milligan 
and Morgan promoted the naming of the components as sub-
cutaneous, superficial, and deep. Recently, Dalley makes a 
convincing point that the three components can only be seen 
in the exceptionally dissected specimen and, in most cases, 
the muscle is one continuous mass and should be considered 
as such.8

The EAS is innervated bilaterally by the pudendal nerve 
arising from S2 to S4. Motorneurons arise in the dorsomedial 
and ventromedial divisions of Onuf’s nucleus in the ventral 
horn of the spinal cord. Cross-over of the pudendal inner-
vation was first suggested in studies by Swash and Henry 
on rhesus monkeys.9 Hamdy and associates evaluated corti-
coanal stimulation of humans and found variable cross-over 
which was symmetric in some and either right- or left-sided 
dominant in others.10 This has been offered as one possible 
explanation for the inconsistent relationship between unilat-
eral pudendal neuropathy and fecal incontinence.

The EAS maintains tonic activity at rest due to monosynaptic 
spinal reflex. The tone can be abolished with spinal anesthesia 
and in conditions such as tabes dorsalis, where large-diameter 
afferent sensory fibers are destroyed, and over distension of 
the rectum, due to the inflation response. Maximum tone, 
due to phasic activity in the EAS, can be maintained for only 
about 1 min, before fatigue is encountered. Of interest, the only 

other striated muscles that maintain  continuous low-level  
resting activity are the abductor of the larynx, the cricopharyn-
geus and the external urinary sphincter.11

Internal Anal Sphincter

The IAS is an involuntary, smooth muscle. It is the major 
source of anal resting pressure and is relatively hypogan-
glionic.12 There are nerve fibers expected in an autonomic 
muscle – cholinergic, adrenergic, and nonadrenergic non-
cholinergic fibers. It receives sympathetic innervation via 
the hypogastric and pelvic plexus. Parasympathetic inner-
vation is from S1, S2, and S3 via the pelvic plexus. There 
is considerable evidence that the sympathetic innervation is 
excitatory but conflicting information regarding the parasym-
pathetic effect.12 The IAS contributes 55% to the anal rest-
ing pressure. The myogenic activity that contributes 10 and 
45% is due to the sympathetic innervation. The remainder of 
the resting tone is from the hemorrhoidal plexus (15%) and 
the EAS (30%).13 Spinal anesthesia decreases rectal tone by 
50% and the decreased resting tone seen in diabetic patients 
may be due to an autonomic neuropathy.14

The IAS has slow waves occurring 6–20 times each min-
ute increasing in frequency toward the distal anal canal. 
Ultraslow waves occur less than two times a minute and are 
not present in all individuals occurring in approximately 
5–10% of normal individuals. Ultraslow waves are associ-
ated with higher resting pressures, hemorrhoids, and anal fis-
sures.12 The occurrence of anal slow-wave activity with rectal 
pressure waves exceeding anal resting pressure suggests a 
role for anal slow waves in preserving continence.15 Ultra-
sound examination of the anal canal shows the hypoechoic 
IAS ending approximately 10 mm proximal to the most dis-
tal portion of the hyperechoic EAS.

Sensory Factors

Many authors describe the important relationship between 
anorectal sensation and fecal continence. Conventional con-
cepts of the sensory innervation of the rectum have been 
challenged by data from continent patients following sphinc-
ter saving surgery and ileal pouch-anal anastomosis (IPAA).

Anal canal sensation to touch, pinprick, heat, and cold are 
present from the anal verge to 2.5–15 mm above the anal 
valves. This sensitive area is thought to help discriminate 
between flatus and stool but local anesthesia does not oblit-
erate that ability. The rectum is only sensitive to distention. 
Rectal sensation may be due to receptors in the rectal wall 
but also in the pelvic fascia or surrounding muscle. The sen-
sory pathway for rectal distention is the parasympathetic 
system via the pelvic plexus to S2, S3, and S4. Below 15-cm 
rectal distention is perceived as flatus, but above 15-cm 
air distention causes a sensation of abdominal discomfort. 
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Anal canal sensation is via the inferior rectal branch of the 
pudendal nerve that arises from S2, S3, and S4. This is the 
first branch of the pudendal nerve and along with the second 
branch, the perineal nerve, arises from the pudendal nerve in 
the pudendal canal (Alcock’s canal). The remainder of the 
pudendal nerve continues as the dorsal nerve of the penis or 
clitoris.16

Many articles report daytime continence following low 
rectal resections with coloanal or IPAA. The reports of 
nighttime soiling following these procedures suggest that 
the ability to interpret sensory input from the neo-rectum 
requires conscious thought and not simple reflex contraction 
and relaxation. It is not clear if the decreased continence rate 
at night is solely due to impaired sensation (and subsequent 
defective discrimination of solid stool and gas) or if other 
factors limit fine control.

Reflexes

There are a great number of reflexes that end with the name 
“… anal reflex.” The reason for this is, in part, that the EAS 
is readily accessible and represents a convenient end point 
for recording during electrophysiological study. Conse-
quently, there are a number of ways that one can assess the 
integrity of neurological connection through or around the 
spinal cord.11

Cutaneous-Anal Reflex

The cutaneous-anal reflex was first described by Rossolimo 
in 1891, as a brief contraction of the anal sphincter in response 
to pricking or scratching the perianal skin.17 This is a spinal 
reflex that requires intact S4 sensory and motor nerve roots. 
Both afferent and efferent pathways travel within the puden-
dal nerve.17 If a cauda equina lesion is present, this reflex 
will usually be absent. Henry et al. recorded the latency of the  
anal reflex in 22 incontinent patients as compared to 33 
control subjects. The mean latency was 13.0 ms vs. 8.3 ms, 
respectively. The mean latency was within normal range 
in only three (14%) of the incontinent patients.18 However, 
Bartolo et al. have suggested that latency measurement of 
the cutaneous-anal reflex may be an inadequate means of 
demonstrating nerve damage in patients with fecal inconti-
nence.19 From a practical standpoint, this is a sacral reflex 
that can be interrogated during physical examination by sim-
ply scratching of the perianal skin with visualization of con-
traction of the subcutaneous anal sphincter. The response to 
perianal scratch fatigues rapidly so it is important to test this 
as the first part of the sphincter examination.

Cough Reflex

Chan et al., using intercostal, rectus abdominis, and EAS 
electrodes, studied the latencies in response to voluntary 

cough and sniff stimulation. When compared to laten-
cies from transcranial magnetic stimulation it appeared 
that the EAS response was consistent with a polysynaptic 
reflex pathway.20 Visible contraction of the subcutaneous 
EAS as a consequence to cough and sniff stimulation is a 
simple nonintrusive validation of the pathways involved in 
the anal reflex. This response can also be displayed during 
anal sphincter manometry. Amarenco et al. demonstrated 
that the greater the intensity of the cough, the greater was 
the electromyographic response within the anal sphincter.21 
The reflex is preserved in paraplegic patients with lesions 
above the lumbar spine, but it is lost if the trauma involves 
the lumbar spine or with cauda equine lesions. The mecha-
nism of the cough-anal reflex contributes to the maintenance 
of urinary and fecal continence during sudden increases in 
intra-abdominal pressure as might also be seen with laugh-
ing, shouting, or heavy lifting.

Bulbocavernosus Reflex

The bulbocavernosus reflex was first described by Bors and 
Blinn in 1959.22 The bulbocavernosus reflex is the sensation 
of pelvic floor contraction elicited by squeezing the glans 
penis or clitoris.23 The EAS is used as the end point, because 
it is easily accessed either for visual assessment or by con-
centric needle EMG recording. The BCR latency will be pro-
longed by various disorders affecting the S2–S4 segments of 
the spinal cord.

Rectal Anal Inhibitory Reflex

The rectoanal inhibitory reflex (RAIR) represents the relax-
ation of the IAS in response to distension of the rectum. This 
was first described by Gowers in 1877 and documented by 
Denny-Brown in 1935.24,25 It is felt that this permits fecal 
material or flatus to come into contact with specialized sen-
sory receptors in the upper anal canal.26 This sampling pro-
cess, the sampling reflex, creates an awareness of the presence 
of stool and a sense of the nature of the material present. It is 
felt that this process of IAS relaxation with content sampling 
is instrumental in the discrimination of gas from stool and 
the ability to pass them independently.26 The degree to which 
IAS relaxation occurs appears to be related to the volume 
of rectal distension more so in incontinent patients than in 
constipated or healthy control patients.27 Lower thresholds 
for the RAIR have been found to be associated with favor-
able response to biofeedback therapy in patients with fecal 
incontinence for formed stool.28 The amplitude of sphincter 
inhibition is roughly proportional to the volume extent of 
rectal distension.

The RAIR is primarily dependent upon intrinsic nerve 
innervation in that it is preserved even after the rectum has 
been isolated from extrinsic influences, following transac-
tion of hypogastric nerves and the presence of spinal cord 
lesions. The inhibition response is in part controlled by 
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 nonadrenergic, noncholinergic (NANC) mediators.29 The 
reflex matures quite early in that it is generally present at 
birth and has been detected in 81% of premature infants older 
than 26 weeks postmenstrual age.30 The reflex is destroyed in 
Hirschsprung’s disease when myenteric ganglia are absent. 
In addition, the reflex is lost after circumferential myotomy 
and after generous lateral internal sphincterotomy.31 Saigusa 
et al. found that at an average of 23 months following closure 
of ileostomy after IPAA, only 53% of patients maintained 
a positive RAIR as compared to 96% preoperatively. The 
incidence of nocturnal soiling was significantly greater, 72% 
in those who did not have preserved, or recovered RAIR as 
compared to those 40% who had postoperative preserved 
RAIR.32

The RAIR appears to be nearly abolished in the early post-
operative period following LAR resection for cancer. In a 
study involving 46 patients, O’Riordain found that the RAIR 
that had been present in 93% of patients preoperatively was 
only present in 18% of patients 10 days following low ante-
rior resection. However, at 6–12 months the RAIR was intact 
in 21% of patients and this increased to 85% after 2 years.33 
Similarly, van Duijvendijk et al., in a study of 11 patients, 
found the RAIR present in only 36% of patients after under-
going total mesorectal excision for carcinoma at 4 months 
postoperation. However, 81% of patients had a detectable 
RAIR at 12 months postsurgery.26

Loss of the RAIR is often a consequence of restorative 
proctocolectomy. Saigusa et al. found that the RAIR was 
present in only 53% of double-stapled IPAA patients at a 
mean of 23 months after closure of the ileostomy. Preserva-
tion of the RAIR correlated with less nocturnal soiling.32

The RAIR in children can be elicited even when general 
anesthetic agents or neuromuscular blockers are used. Gly-
copyrrolate, an anticholinergic appears to inhibit RAIR.34,35

Disturbances in the RAIR appear to be involved in the 
incontinence that is associated with systemic sclerosis. Heyt 
et al. found that 25 of 35 (71.4%) patients with systemic sclero-
sis demonstrated an impaired or absent RAIR compared with 
none of 45 controls. Impaired RAIR was closely correlated 
with fecal incontinence in that 11 of 13 (84%) of incontinent 
systemic sclerosis patients exhibited an impaired RAIR.36

Rectal Anal Excitatory Reflex

The rectal anal excitatory reflex (RAER) or inflation reflex 
is the contraction of the EAS in response to rectal distension. 
Rectal distension sensation is most likely transmitted along 
the S2, S3, and S4 parasympathetic fibers through the pelvic 
splanchnic nerves.37 However, on the motor side, a pudendal 
nerve block abolishes the excitatory reflex suggesting that 
pudendal neuropathy may interfere with the RAIR. Common 
methodologies for assessing the integrity of the pudendal 
nerve involve both single fiber density (SFD) of the EAS and 
pudendal nerve terminal motor latency (PNTML). However, 
derangement of the distal RAER was shown by Sangwan 

et al. to compare favorably with these more traditional and 
discomforting methodologies as an indicator of neuropathic 
injury to the EAS. It would appear that patients that have 
both an abnormal PNTML and an abnormal distal RAER do 
not require further study with SFD.38

Mechanical Factors of Continence  
and Defecation

Anorectal Angle and Flap-Valve

As a part of the pelvic floor musculature, the puborecta-
lis arises from the pubic bone and passes horizontally and 
 posteriorly around the rectum as the most medial portion of 
the levator ani muscle. This forms a U-shaped sling around 
the rectum near its anatomic junction with the anus, pulling the 
rectum anteriorly, and giving rise to the so-called anorec-
tal angle. There are differences of opinion as to whether 
the puborectalis and anorectal angle are truly important in 
maintaining continence. Unlike the fine control of the exter-
nal and internal sphincter muscles, the puborectalis sling is 
felt to be more involved with gross fecal continence.39 Parks 
postulated a mechanism by which this takes place.40 As 
intra-abdominal pressure is increased – such as with sneez-
ing, coughing, or straining – the force is transmitted across 
the anterior wall of the rectum at the anorectal angle. The 
underlying mucosa is opposed against the upper anal canal, 
creating a flap-valve mechanism that prevents stool from 
passing to the lower anal canal and preserving continence. 
Yet other authors have disputed this flap-valve mechanism 
and downplayed the role and reliability of measuring the 
anorectal angle. Bannister et al., in a study of 29 patients 
including 14 patients with incontinence, found no evidence 
of a flap-valve in the normal subjects by using manomet-
ric measurements during rising intra-abdominal pressures.1 
However, in the incontinent patients, the manometric pres-
sures were consistent with a flap-valve. Yet subjects still had 
leakage of stool, questioning the contribution to overall con-
tinence. Bartolo and colleagues also used manometric and 
EMG measurements in 13 subjects both at rest and during 
Valsalva, demonstrating a similar rise in rectal and sphinc-
ter pressures and puborectalis EMG recordings.19 Yet, with 
concomitant barium studies the anterior rectal wall sepa-
rated from the mucosa, allowing contrast to fill the rectum. 
The authors proposed that the puborectalis functions more 
like a sphincter rather than contributing to the flap-valve 
mechanism.

Furthermore, quantifying the anorectal angle and relating 
that to patient symptoms has resulted in mixed views. One 
study noted significant interobserver variation in anorec-
tal angle measurements between three interpreters but good 
intraobserver consistency, suggesting that variation in anorec-
tal angle measurements may be due to subjective interpretation 
of the rectal axis along the curved rectal wall. In another study 
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assessing the reproducibility of anorectal angle  measurement 
in 43 defecating proctograms, the authors found significant 
intra- and interobserver variations, and concluded that the 
anorectal angle is an inaccurate measurement.41 Jorge and 
associates measured the anorectal angle during rest, squeeze, 
and push in 104 consecutive patients and also found highly 
significant differences in each measurement category.42

Reservoir

As an additional part of the continence mechanism, the 
rectum must be able to function as a temporary storage 
site for liquid and solid stool. With passage of the fecal 
stream into the rectum, the pliable rectal walls are able to 
distend and delay the defecation sequence until an appro-
priate time. This process relies both on rectal innervation 
to sense and tolerate the rising volume of stool (capacity), 
as well as maintain a relatively low and constant pressure 
with increases in volume (compliance). Extremes of either 
of these components can lead to fecal incontinence through 
decreased accommodation or overflow states. Although 
decreased compliance has been demonstrated more often 
in patients with fecal incontinence, it has also been shown 
to occur as a normal consequence of aging.43 In addition, 
Bharucha and associates in a study of 52 women with 
fecal incontinence demonstrated that the rectal capacity 
was reduced in 25% of women, and these lower volume 
and pressure thresholds were significantly associated with 
rectal hypersensitivity and urge fecal incontinence.44 Fur-
thermore, following low anterior resection for cancer, those 
patients with resultant lower rectal compliance and lower 
rectal volume tolerability (capacity) have been associated 
with higher rates of fecal incontinence.45

Normal Defecation

The awareness of the need to defecate occurs in the supe-
rior frontal gyrus and anterior cingulate gyrus. The process 
begins with movement of gas, liquid, or solid contents into 
the rectum. Distention of the rectum leads to stimulation of 
pressure receptors located on the puborectalis muscle and in 
the pelvic floor muscles, which in turn stimulate the RAIR. 
The IAS relaxes allowing sampling of contents. If defeca-
tion is to be deferred, voluntary contraction of the EAS and 
levator ani muscles occurs, and the rectum accommodates 
with relaxation after an initial increase in pressure. When the 
anal canal is deemed to have solid contents and a decision to 
defecate is made, the glottis closes, pelvic floor muscles con-
tract, and diaphragm and abdominal wall muscles contract, 
all increasing abdominal pressure. The puborectalis muscle 
relaxes, resulting in straightening of the anorectal angle, and 
the pelvic floor descends slightly. The EAS relaxes and anal 
canal contents are evacuated. Upon normal complete evacu-
ation, the pelvic floor rises and sphincters contract once 
more in a “closing reflex.”

Pathologic Conditions

Incontinence

Incontinence is the inability to defer the passage of gas, 
liquid, or solid stool until a desired time. Numerous altera-
tions in anorectal physiology can lead to incontinence 
and many patients have more than one deficit. Structural 
defects in the internal or EAS muscles occur due to obstet-
ric injury, trauma, or anorectal surgery. The keyhole defor-
mity is a groove in the anal canal allowing the seepage 
of stool or mucus. Originally described as a complication 
after the posterior midline fissurectomy or fistulotomy, it 
can also occur with lateral IAS defects. Intact sphincter 
muscles with impaired neurologic function, due to puden-
dal nerve damage or systemic disorders, such as diabetes, 
can also result in incontinence, especially if the impaired 
sphincter is further stressed by diarrhea or irritable bowel 
syndrome.
Abnormal rectal sensation can lead to incontinence in 
two ways. Conditions such as proctitis due to inflamma-
tion or radiation can result in hyperacute sensation. The 
rectum fails to accommodate and the reservoir function is 
impaired leading to urgency and frequent stools. Fragmen-
tation of stools is commonly described by patients after 
low anterior resection, particularly if the pelvis has been 
radiated as in the case of adjuvant therapy for the treat-
ment of rectal cancer. In the case of blunted sensation, due 
to a large rectocele, megarectum, or neurogenic disorders, 
the rectum becomes over distended and overflow inconti-
nence occurs.

The majority of patients with rectal prolapse are incon-
tinent. Chronic stretching of the anal sphincters from full 
thickness prolapse leads to a patulous anus through which 
gas and liquid stool easily leak. A reflex relaxation of the 
IAS may also occur as the rectal wall descends toward the 
anal canal. Patients with mucosal prolapse may have seep-
age of mucus or small amounts of liquid stool. Correction of 
the prolapse can resolve the incontinence if the anal sphinc-
ter tone sufficiently returns. Age and duration of prolapse 
can affect this.

Obstructed Defecation

Suspected Enterocele or Rectocele  
(Obstructed Defecation)

Patients with symptoms of enterocele or rectocele describe 
prolonged straining at defecation, with a sensation of partial 
or complete blockage (frequently a “closed trap door” pre-
venting passage of stool). Defecography can demonstrate the 
presence of a rectocele or enterocele, suggest the presence of 
a peritoneocele, and clarify contributing disorders such as a 
nonrelaxing pelvic floor, rectal intussusception or prolapse, 
and potentially uterovaginal prolapse.
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Rectocele

A rectocele is defined as greater than 2 cm of rectal wall 
outpouching or bowing while straining, and can precede or 
accompany rectal intussusception. The rectocele can prevent 
passage of stool both by obstructing the anal orifice and by 
acting as a diverticulum to sequester stool. Patients with rec-
toceles commonly complain of the need for frequent sequen-
tial episodes of defecation, and even for manual compression 
or splinting of the anterior perineum or posterior vagina in 
order to completely evacuate. Additionally, patients may 
experience incontinence with relaxation, leading to reduc-
tion of the rectocele and return of the sequestered stool to 
the lower rectum.

Van Dam and associates investigated the utility of defec-
ography in predicting the outcome of rectocele repair.46 Rec-
tocele size, barium trapping, intussusception, evacuation, 
and perineal descent were measured during defecography 
exams of 74 consecutive patients with symptomatic recto-
celes. The patients then underwent a transanal/transvaginal 
repair, followed by 6-month postoperative defecography and 
reassessment of the five most common presenting symptoms 
(excessive straining, incomplete evacuation, manual assis-
tance required, sense of fullness, bowel movement less than 
three times per week). No postoperative defecograms demon-
strated a persistent or recurrent rectocele; however, one-third 
of patients had a poor result based on persistent symptoms. 
There was no association between defecography measure-
ments and outcome of the repair. Still, the authors concluded 
that defecography serves three major purposes in the evalua-
tion of a rectocele: preoperative evidence of its presence and 
size, documentation of additional pelvic floor abnormalities, 
and an objective assessment of postoperative changes.

An abnormal increase in perineal descent (typically greater 
than 2 cm) has been described among both incontinent patients 
and continent patients who strain during defecation.32,33 These 
conflicting data underscore the poorly understood relation-
ship between neuropathic pelvic floor damage and symp-
tomatology. Bartolo and associates evaluated patients with 
perineal descent using manometric, radiographic, and neu-
rophysiologic studies.47 When comparing 32 patients with 
incontinence and increased perineal descent with 21 patients 
with obstructed defecation and increased perineal descent, 
the authors found no significant difference in the extent of 
perineal descent or neuropathic damage to the EAS. Patients 
who were incontinent had lower manometric pressures (both 
resting and squeeze pressures) while those with obstructed 
defecation had normal manometric pressures. In a separate 
study, these authors also found that incontinent patients with 
increased perineal descent had severe denervation of both the 
puborectalis and the EAS compared to continent patients with 
increased perineal descent, who had partial denervation of the 
EAS only.47 Miller and colleagues evaluated sensation in two 
similar patient groups.48 Patients who were frankly inconti-
nent actually had less perineal descent than continent patients 
with descent but had severely impaired anal sensation.

Berkelmans and others tried to determine if women with 
increased perineal descent and straining at stool were at risk 
for future development of incontinence.49 The authors identi-
fied 46 women with perineal descent who strained during 
defecation but were continent. Twenty-four of the 46 were 
followed after 5 years and 13 of these (54%) had developed 
fecal incontinence, compared with 3 of 20 (15%) control 
patients. During their initial evaluation, the patients who pre-
viously strained and later developed incontinence had sig-
nificantly greater perineal descent at rest and less elevation 
of the pelvic floor during maximal sphincter contraction than 
the women who strained but did not develop incontinence.

Thus, perineal descent may be a predictor of incontinence 
among patients with denervation of both the EAS and the 
puborectalis, and in patients with impaired anal sensation. 
Among patients with constipation, perineal descent and 
straining at stool may predict future fecal incontinence.

Dyskinetic Puborectalis

Dyskinetic puborectalis, paradoxical puborectalis, nonre-
laxing puborectalis, and anismus are terms that describe the 
absence of normal relaxation of pelvic floor muscles dur-
ing defecation, resulting in rectal outlet obstruction.50 Once 
diagnosed, dyskinetic puborectalis is usually treated with 
biofeedback and bowel management. Patients who fail con-
servative treatment have been offered botulism toxin injec-
tions into the puborectalis muscle with limited success.51

Continence

The interplay of all the aforementioned anatomy and physi-
ology ensures continence. It does not follow that a deficit 
in any one area ensures incontinence. Continence achieved 
in the ileoanal pouch patient is proof that the rectum is not 
essential. An intact and functional puborectalis muscle can 
provide continence in the pediatric imperforate anus patient, 
but incontinence can ensue during adulthood. Even pro-
found deficits do not necessarily lead to incontinence if stool 
consistency is solid, while minor deficits can easily lead  
to incontinence to gas. To determine and treat abnormal 
fecal incontinence requires a systematic approach focusing 
on identifying the specific deficits present, applying appro-
priate testing to elucidate anal physiology and anatomy, and 
then directing therapy accordingly.

Summary

The unique physiology of the anus and rectum and the abil-
ity to master the complex task of fecal continence has many 
interesting facets. Understanding the anatomy, innervation, 
and reflexes of the pelvic floor and anal sphincters is the 
key to assessing disorders of continence. Further work in this 
area remains promising.
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4
Physiologic Testing
Anders F. Mellgren

Functional anorectal symptoms are common and affect all 
ages of the population.1 Normal anorectal physiologic func-
tion is complex and relies on a multiplicity of factors, includ-
ing a intact anatomy and an intact link between somatic 
and visceral function of the anus rectum and colon. Con-
sequently, a comprehensive evaluation of anorectal function 
demands a combination of several tests that complement 
each other. There is no single test that can comprehensively 
assess the function of the pelvic floor. In the clinical set-
ting, physiologic testing should always be a complement to a 
proper patient history, physical examination, and frequently 
other tests including endoscopy and other imaging studies. 
The history may be complemented by use of questionnaires 
and quality of life instruments. The clinical utility of some 
physiologic testing is limited because of a lack of reference 
data from healthy individuals and lack of standardization.2,3

Several of the existing physiologic tests are proven to 
improve diagnostic yield and to directly influence clinical 
management.4 This chapter describes the physiologic tests 
that are clinically available to assess functional disorders of 
the pelvic floor and colon (Table 4-1).

Anorectal Manometry

Indications

Anorectal manometry measures the pressures in the anal 
canal and the distal rectum. This test serves as one of the 
most accepted and widely used investigations to measure the 
function of the internal anal sphincter (IAS) and the exter-
nal anal sphincter (EAS). Evaluation of sphincter function 
in patients with fecal incontinence is the primary indication 
for manometry. Other indications for anorectal manometry 
include screening for functional outlet obstruction (nonre-
laxing pelvic floor), Hirschsprung’s disease (absence of rec-
toanal inhibitory reflex (RAIR)), and damage to sacral reflex 
arc (absence of cough reflex). Manometry is also used for 
performing and predicting responses to biofeedback training 

and to objectively quantify pressure before and after surgical 
intervention.

Equipment and Testing

There are four essential components in anorectal manometry 
equipment: (1) a probe for measuring intraluminal pressure;  
(2) a pressure recording device (amplifier/recorder, pneumohy-
drau lic pump, and pressure transducers); (3) a balloon for infla-
tion inside the rectum; and (4) a monitor/printer/storage system.

The probes can be of different types, including solid state, 
water perfused, air charged, or microballoon.5 The diameter 
of the probe should not exceed 5–6 mm and the probe usually 
includes sensors radially distributed to measure several pres-
sures at each level. Calibration of the probe and the recorder 
is critical for accurately measuring and obtaining reproducible 
results. Bowel enema before the test is optional, but if formed 
stool is found at digital examination an enema is advisable to 
avoid interference with the testing. Any manipulation of the 
rectum, such as digital rectal examination or administration 
of enema prior to a test should be followed by a minimum of 
5 min of rest to allow sphincter activity to return to baseline.6

The two most commonly used and clinically available 
tests for measuring anal canal pressures are the stationary 
pull-through and the dynamic pull-through technique. The 
stationary pull-through technique is today the recommended 
method of choice since the dynamic pull-through technique 
creates a reflex sphincter contraction due to the stimulation 
generated by the probe resulting in higher anal pressures. 
The stationary pull-through measures the resting pressure 
and the squeeze increase at 6, 5, 4, 3, 2, and 1 cm from the 
anal verge by extracting the probe in increments of 1 cm 
from the rectum to the anal verge. Allowing a waiting period 
between each measurement minimizes artifacts.

Anal Resting Tone

The anal resting reflects the tonic activity of the IAS (55%), 
the EAS (30%), and the anal cushions (15%).7 The IAS has 
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an oscillating tonic activity with both slow waves of low 
amplitude8,9 and ultraslow waves of high amplitude.10

The anal resting tone is usually measured at 6, 5, 4, 3, 2, 
and 1 cm from the anal verge with the stationary pull-through 
technique. The maximum resting pressure (MRP) is usually 
defined as the highest recorded resting pressure.11 There is 
some radial asymmetry in pressures in the different parts of 
the anal canal12 and therefore the pressures in the four quad-
rants is usually averaged to account for this asymmetry.13 
The pressure profiles in the anal canal vary also according 
to gender, age, and measuring technique (Figure 4-1). The 
length of the functional anal canal or high pressure zone is 
defined as the length of the anal canal with resting pressures 
exceeding 30% of the rectal pressure.11

Patients with fecal incontinence tend to have lower anal 
resting tone than do continent patients or normal controls.14–16 
The clinical value of measuring basal anal canal pressures 
alone is limited, since patients with low pressures may have 
normal continence and patients with incontinence may have 
normal pressures. There is also a lack of defined values of 
what is the normal range for the anal resting tone.

Squeeze Pressure

Squeeze increase of the anal canal pressure is generated by 
contraction of the EAS and can be calculated as the increase 

in pressure from the anal canal resting tone during maximal 
anal squeeze (Figure 4-2).3,5

The squeeze increase is usually measured at 6, 5, 4, 3, 
2, and 1 cm from the anal verge with the stationary pull-
through technique. The squeeze increase is obtained by ask-
ing the patient to maximally squeeze the sphincter at each 
level and hold this squeeze for 3 s. Instructing the patient 
to avoid contraction of accessory muscles, particularly the 
gluteal muscles, or to avoid increasing the intra-abdominal 
pressure reduces the risk of measuring false high squeeze 
increase. The maximum voluntary squeeze pressure (MSP) 
is usually defined as the highest pressure recorded above the 
baseline (zero) at any level of the anal canal during maxi-
mum squeeze effort.11 An alternative measurement is the 
highest pressure recorded above the resting pressure dur-
ing maximum squeeze effort. The latter pressure is thus the 
increment of pressure above the resting tone.

Decreased squeeze pressures are frequently correlated to 
injuries in the EAS, neurologic damage, or just poor patient 
compliance/voluntary control. If the latter problem is sus-
pected, the results of decreased squeeze pressure should be 
interpreted in context with the EAS response to coughing 
(see the section “Cough Reflex”).

The susceptibility for fatigue of the EAS can be estimated 
by measuring the patient’s ability to sustain the squeeze effort 
over time. The squeeze duration is often reduced in patients 

Table 4-1. Anorectal and colonic physiologic tests

Type of test Measured modality Primary indication

Test of function

Anorectal manometry Function of anal sphincter Fecal incontinence, nonrelaxation of the 
pelvic floor, Hirschsprung’s diseaseRectoanal reflexes

Anorectal sensation
Rectal compliance
Rectal motor function and coordination (balloon expulsion test, 

defecatory maneuver)
Vector volume manometry Pressure profile and function of the anal sphincter Fecal incontinence, sphincter injury
Saline infusion test Rectal continence Incontinence
Perineometry Position of the pelvic floor Pelvic floor laxity
Pudendal nerve terminal motor latency 

(PNTML)
Pudendal nerve terminal motor latency Pudendal nerve injury or neuropathy

Electromyography (EMG) Muscle activation. Motor unit potentials and fiber density 
(needle EMG)

Sphincter injury, biofeedback, imperfo-
rate anus

Test of structure

Endoanal ultrasound Two-dimensional or three-dimensional assessment of the inter-
nal and external anal sphincter, pelvic floor, and rectum

Fecal incontinence, fistula, tumors

Endoanal magnetic resonance imaging 
(MRI)

Assessment of the internal and external anal sphincter, pelvic 
floor, and rectum

Fecal incontinence, fistula, tumors

Test of function and structure

Dynamic defecography Rectal evacuation and dynamic assessment of the rectum and 
vagina

Fecal outlet obstruction, pelvic prolapse

Dynamic MRI Rectal evacuation and dynamic assessment of the pelvis Fecal outlet obstruction, pelvic prolapse
Marker study Global transit time Constipation
Radionuclide gamma scintigraphy Global segmental colon transit Constipation
SmartPill® Stomach emptying, small bowel transit, colonic transit Constipation, functional disorders of the 

stomach and small bowel
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with incontinence.17 The squeeze durability can be measured 
as a fatigue index (the coefficient of maximum squeeze pres-
sure and the gradient of decay).18

Rectoanal Inhibitory Reflex

Rectal distension or attempted defecation results in a  treatment 
inhibition of the tonic activity of the IAS and the consequent 
relaxation of this muscle. The RAIR is mediated via the 

myenteric plexus and it is modulated by the spinal cord.19,20 
This reflex facilitates rectal emptying and it is also believed 
to serve as a discriminatory function of the rectum, as it can 
facilitate discrimination of gas from fecal substance and allow 
rectal contents to be “sampled” by the sensory area of the anal 
canal. Concomitant with the relaxation of the IAS, there is 
sometimes a reflex EAS contraction during rectal  distension 
that is automatic and not reflex mediated. By asking the 
patient to relax, this contraction sometimes can be limited.21

Figure 4-1. Anorectal manometry report. Resting pressures and squeeze increases at different levels are found in the columns “Mean.”
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The RAIR can be tested by inflation of a balloon in the 
whole distal rectum simultaneously measuring the pressure 
in the anal canal. The anal canal probe is usually positioned 
at the level of the highest recorded anal resting pressure, as 
this positioning facilitates the recording of a normal RAIR.

Presence of an intact RAIR is dependent on an intact 
myenteric plexus and is usually impaired in patients with 
Hirschsprung’s disease.22 An absence of RAIR may indi-
cate a diagnosis of Hirschsprung’s disease23 and should 
be followed by a full-thickness rectal biopsy to confirm 
an agangliotic segment diagnostic of Hirschsprung’s dis-
ease. Hirschsprung’s disease is usually diagnosed in early 
childhood and therefore rarely newly discovered in adults. 
The prevalence and the clinical relevance of ultra short 
Hirschsprung’s disease in adults is controversial.24

Cough Reflex

A normal response following a rapid increase in intra-
abdominal pressure is a contraction of the EAS. This reflex, 
the cough reflex, maintains continence in case of a rapid 
increase in intra-abdominal pressure. The cough reflex can 
be assessed with a probe supplied with an intrarectal bal-
loon (estimating the intra-abdominal pressure) and sen-
sors located in the anal canal. If the increment of the anal 
canal pressure is higher than the rectal pressure, the reflex 
is considered to be normal. A sphincter defect or innerva-
tions injury may result in a weaker anal pressure increase 
and an abnormal cough reflex. Even though the clinical use 

of this test is  limited, it can serve as an instrument to measure 
 compliance in patients with attenuated voluntary squeeze 
pressures without evidence of spinal damage.25

Rectal Sensation and Compliance

Rectal sensation (and rectal compliance) can be measured 
by intermittent balloon distension in the distal rectum while 
simultaneously monitoring the patient’s response. The first 
sensation, the first urge, and the maximal tolerable volume are 
usually recorded. Rectal compliance can also be assessed by 
measuring the pressure and volume relationship when a bal-
loon is inflated in the rectum. This method is associated with 
a significant intersubjective variation, but some studies have 
demonstrated a good reproducibility of the recorded sensory 
thresholds.26,27 Some data supports that the sensory perception 
of the rectal distension is directly related to the rectal wall 
tension. Reduced sensory threshold levels of the rectum (rectal 
hypersensitivity) in patients with fecal incontinence could 
indicate a presence of urge fecal incontinence and increased 
frequency of defecation,28,29 whereas incontinent patients with 
increased sensory threshold levels (rectal hyposensitivity) 
may suffer from passive (overflow) incontinence.30

Vector Volume Manometry

Using a stationary pull-through technique and an eight-
 channel manometric catheter with radially oriented side 
holes, a three-dimensional picture of the pressure profile in 

Figure 4-2. Pudendal nerve motor latency measure twice on each side.
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the anal canal can be obtained. Pressure asymmetry corre-
sponding to any sphincter defects can possibly be located by 
this method. The clinical utility of vector volume manometry 
today has largely been replaced by endoanal ultrasound.

Other Tests of Anorectal Function

Balloon Expulsion Test

Rectal expulsion ability can be evaluated by inflation of a 
water-filled rectal nonlatex balloon. The main purpose of 
this test is to identify patients with obstructed defecation 
[3]. Normal subjects can usually expel a balloon containing 
50–150 mL, but patients suffering from constipation with 
megarectum are frequently unable to expel the balloon even 
though the intrarectal pressures are within the normal range.31 
A variation of the technique uses a detachable water or air-
filled balloon that is inserted into the rectum. The patient 
is then allowed to sit on a commode in a private bathroom 
to pass it.32 This method may be more physiological then 
trying to pass a balloon attached to a catheter in the lateral 
position.

There are several factors that may lead to over diagno-
sis of functional outlet obstruction, including the inability 
of the balloon to accurately mimic patient’s stool, technical 
challenges to standardize the test, and embarrassment expe-
rienced by the patients in the test setting.33,34 The volume of 
the balloon may also influence the ability to expel the bal-
loon.35 The utility of the balloon expulsion test alone is lim-
ited, but in addition to other physiologic tests it may assist in 
the evaluation of patients with a nonrelaxing pelvic floor.36

Saline Continence Test

The saline continence test evaluates the ability of the sphinc-
ters to remain continent at continuous infusion of saline into 
the rectum. The time and volume at first leak and total leaked 
volume are assessed. Approximately 1.5 L can be infused in 
normal subjects without any significant leakage.37,38 Patients 
with fecal incontinence due to weak sphincter function or 
reduced rectal compliance usually starts leaking after infu-
sion of 250–600 mL saline.39 This test is used sparingly and 
may be useful for objectively evaluating patients with fecal 
incontinence or for assessing improvement to surgical or 
medical treatment.37

Perineometry

There is a relation between increased perineal descent (pel-
vic floor laxity) and fecal incontinence. The pelvic floor 
should descend <1.5 cm during normal defecation. The peri-
neometer measures the level of the perineum with respect to 
the ischial tuberosities and is used to estimate the perineal 
descent.40 This test has limited clinical utility because of poor 

reproducibility and comparatively more accurate radiologic 
methods for evaluating the movement of the pelvic floor are 
available.41

Neurophysiologic Tests

Pudendal Nerve Terminal Motor Latency

The pudendal nerve innervates the EAS, urethral sphinc-
ter, perineal musculature, mucosa of the anal canal, and the 
perineal skin. The nerve carries both afferent and efferent 
information originating from the nerve roots S2, S3, and S4 
and travels along the lateral pelvic floor and exits the pelvis 
at the ischial spine into the pudendal canal (Alcock’s canal).

Pudendal nerve terminal motor latency (PNTML) is mea-
sured with a disposable finger-mounted electrode (St Mark’s 
electrode) with a distal stimulating electrode at the fingertip 
and a recording electrode located at the finger base. By plac-
ing the finger tip as close as possible to the pudendal nerve 
at the ischial spine, the nerve conduction velocity (latency) 
from the ischial spine to the EAS (at the finger base) can be 
measured. PNTML provides an estimation of the fastest con-
ducting fibers in the pudendal nerve with a risk of showing a 
normal PNTML in a damaged nerve as long as some of the 
fast conducting fibers remain intact.42

The use of this test is controversial because of subopti-
mal test sensitivity and specificity.43 However, knowledge 
of any existing neuropathy or injury of the pudendal nerve 
may be of importance before sphincter surgery or biofeed-
back. PNTML is therefore used as a complementary tool 
in the physiologic evaluation of anorectal function.44 The 
American Gastroenterological Association does not recom-
mend PNTML for evaluation of patients with fecal incon-
tinence2 on the basis of its unknown test reproducibility,45 
age-dependent results independent of continence status,46 
operator dependency47 and high rate of false-negative result. 
However, the test is widely performed and relied upon by 
surgeons who operate on patients with fecal incontinence, 
constipation, and rectal prolapse.

Electromyography

Anal electromyography (EMG) can be used to sample the 
activity of striated pelvic floor muscles.2,48,49 In the clini-
cal setting, EMG is primarily used to identify EAS activity 
and whether appropriate sphincter relaxation and contrac-
tion exists. This information can be obtained using surface 
electrodes and can identify patients with nonrelaxing pelvic 
floor (Figures 4-3 and 4-4) and it is also used in biofeedback 
therapy. Needle EMG can also provide information about 
possible nerve injury (denervation–reinnervation potentials) 
and locate muscle in the EAS. The latter indication has today 
largely been replaced by endoanal ultrasound.

Surface electrodes (anal plug and skin electrodes) are asso-
ciated with less patient discomfort and a lower risk of infec-
tion.50,51 Surface electrodes are frequently used to measure 



54 A.F. Mellgren

EAS activity to determine appropriate sphincter relaxation 
and contraction (Figure 4-5). Anal plug electrodes are fre-
quently used in biofeedback training. Using this technique, 
patients suffering from fecal incontinence or nonrelaxing 
sphincter are be able to obtain a visual or audible signal as a 
response to sphincter contraction.

Needle electrodes can be either single-fiber electrodes or 
concentric needle electrodes. Single-fiber needle electrodes 
record a single motor unit at a time. Increased fiber density 
(motor unit grouping) can be detected as evidence of nerve 
denervation with reinnervation.49,52 Single-fiber EMG results 
have shown a high degree of repeatability among indepen-
dent investigators.53 Concentric needle EMG, which mea-
sures approximately 30 motor units at a time, is useful for 
detecting polyphasic or prolonged duration of the motor 
unit potentials as evidence for reinnervation in the EAS.49 
In patients with fecal incontinence, high fiber density and 
longer motor unit potentials are more commonly detected 
in EMG than in controls,42,54–56 but the extent of denervation 
measured by EMG in the EAS does not appear to influence 
the severity of incontinence.57

The clinical utility of EMG has diminished since mapping 
of the EAS has been replaced in many centers by endoanal 
ultrasound,58 EAS is less painful and provides the examiner 
with a two- or three-dimensional picture of the anal canal 
and the anal sphincters.59 According to the American Gastro-
enterological Association, EMG still has a role in confirm-
ing imperforate anus before surgical placement of the bowel 
if endoanal ultrasound is not possible or not available and 
in biofeedback therapy.2 Many colorectal surgeons find that 
anal ultrasound compliments rather than replaces EMG. The 
former test offers gross anatomic information while the latter 
evaluation reveals more about function rather than structure.

Anatomic Assessment

Endoanal Ultrasound

Endoanal ultrasound is described in more detail in Chap. 7. Endo-
anal ultrasound is one of the most reliable tests in  identifying 
anatomic defects (Figure 4-6) in the anal sphincters with a high 
sensitivity and specificity when conducted by  experienced 

Figure 4-3. Electromyography recruitment demonstrating equivocal reaction, since the activity is unchanged at “push.”
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investigators.58–62 Usually, a 7- or 10-MHz frequency endoanal 
probe is used for imaging of the sphincters. The latter provides 
a higher resolution and hence a superior picture quality. The 
transducer provides a 360° view of the anal canal.

The main indication for endoanal ultrasound is to diag-
nose defects in the IAS and/or EAS.62–64 A high correlation 
between histologic and intraoperative findings has been sug-
gested.58,65,66 The investigation and the interpretation of the 
procedure is operator dependent, especially considering eval-
uation of the EAS.67 By using three-dimensional endoanal 
ultrasound, visualization of the EAS anatomy is facilitated 
and the diagnostic accuracy of detecting EAS abnormalities 
might improve68 and anal EMG right at some point in the 
future be rendered superior.

Endoanal ultrasound can be used as a tool in selecting 
patients for surgical repair and for assessing the postoperative 
results.69–71 Recently, ultrasound has been introduced to docu-
ment other injuries in the pelvic floor and pelvic prolapse.

Magnetic Resonance Imaging

During the past two decades magnetic resonance imaging 
(MRI) has become increasingly used to image the anal canal 

and the pelvic floor muscles. Images can be generated either 
with use of an endoanal coil or use of an external phased 
array coil. These two techniques are comparable in diagnos-
ing anal sphincter defects and EAS atrophy,72 although MRI 
using an endoanal coil usually are restricted to specialized 
centers and might be associated with some discomfort when 
the coil is introduced.

There is no consensus regarding the use of MRI vs. endoa-
nal ultrasound. Some authors recommend the use of endo-
anal ultrasound as the primary tool in the identification of 
sphincter injuries and to reserve MRI to be used as a compli-
mentary technique to exclude patients with EAS atrophy in 
patients considered for surgical anal sphincter repair.73

Tests of Function and Structure

The dynamic nature of some of the anorectal disorders, such 
as rectal intussusception and rectal prolapse, requires a com-
bination of dynamic and structural imaging modalities. Fluo-
roscopic defecography and MR defecography are methods 
that can be used to assess the dynamics of the pelvic floor 
function.

Figure 4-4. Electromyography recruitment demonstrates paradoxic reaction, since the activity is increased at “push.”
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Dynamic Fluoroscopic Defecography

Fluoroscopic defecography is a dynamic radiologic test 
providing morphologic information about the anal canal, 
rectum, vagina, and the pelvic floor during the defecation 
maneuver.74–76 Defecography involves filling of the rectum 
and if possible also the vagina with contrast. Some centers 
advocate use of contrast in the small bowel, the bladder, and 
even the peritoneal cavity.77,78 The primary indication for 
defecography is evaluation of patients with outlet obstruc-
tion and prolapse. The technique can visualize the defeca-
tion process, identify signs of nonrelaxation, and visualize 
 various anatomic abnormalities.

It should be remembered that patients may feel embar-
rassed by the nature of the test. This reluctance may result 
in a false-positive test result of pelvic floor relaxation and 
a false-negative assessment of anatomic abnormalities 
because of insufficient rectal emptying.32,79 Another limita-
tion of defecography is an interobserver variation in inter-
preting results.80,81 There is also high incidence of “abnormal 
findings” in both patients with symptoms82 and in subjects 
without symptoms.83

Anorectal Angle and Rectal Emptying

The anorectal angle is the angle between the anal canal and 
 rectum.11 The action of the puborectalis muscle during straining 
decreases this angle from 75–90° in resting to 90–110°, and the 
angle increases to 110–180° at evacuation. The anorectal angle 
is believed to play a role in maintaining continence. The quan-
tification of the anorectal angle in defecography has somewhat 
limited clinical value due to a high observer variation.81,84

The ability to relax the puborectalis muscle, and increase 
the anorectal angle, is pivotal for the evacuation process. 
A persistent contraction of the puborectalis muscle during 
the evacuation process is consistent with nonrelaxing pelvic 
floor, which is also named anismus or paradoxic contraction 
of the pelvic floor.85

Rectal emptying should be rapid (<30 s) and complete 
(<10% residual contrast). In patients with evacuation diffi-
culties, emptying is frequently achieved in small portions. 
Perineal descent during emptying is measured relative to a 
line drawn in between the tip of the coccyx and the pubis bone 
(the pubococcygeal line). During squeezing the pelvic floor 
will rise and during straining and evacuation it will descend.

Figure 4-5. Electromyography recruitment demonstrates normal reaction, since the activity is increased at “squeeze” and decreased at 
“push.”
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Rectal Intussusception and Rectal Prolapse

Rectal intussusception is a circumferential infolding of the 
entire thickness of the rectal wall not extending beyond the 
anal verge, while a rectal prolapse is a protrusion of the entire 
thickness of the rectal wall extending through and beyond 
the anal verge.86

Rectal intussusception is difficult to diagnose at clinical 
examination. Defecography can sometimes help in the differ-
entiation between a small rectal prolapse from large hemor-
rhoids, which sometimes can be difficult. A more important 
indication for defecography in patients with rectal prolapse 
at clinical examination is the ability to identify patients with 
concomitant enterocele or vaginal prolapse that may need 
surgical attention at the same time as the prolapse repair.

Rectocele

Rectocele is a herniation of the anterior rectal wall into the 
vagina. The bulge in the anterior part of the distal rectum 
should be ³3 cm. Rectoceles are common in both patients 
and asymptomatic subjects. Barium trapping in the rectocele 
or facilitation of emptying by digital support of the posterior 
vagina wall is used by some surgeons to define surgical can-
didates for rectocele repair.

Peritoneocele, Enterocele, and Sigmoidocele

A peritoneocele is a peritoneal herniation extending the pouch 
of Douglas below the upper third of the vaginal length and 
at the same time increasing the distance between the rectum 
and vagina.77,87 An enterocele is formed when small bowel 

descends into the peritoneocele and a sigmoidocele is formed 
when the sigmoid colon descends into the peritoneocele.88

Dynamic MR Defecography

The development of dynamic MR defecography has flourished 
after the development of fast MRI sequences enabling dynamic 
evaluation of the pelvic floor. A comprehensive evaluation of 
the anatomy and function can be obtained by repeating scans 
during rest, squeezing, straining, and evacuation. The best 
results are obtained when contrast (usually sonographic gel) 
is used and emptied. Several of the above-mentioned “abnor-
malities” are seen only if emptying is obtained.89

Dynamic MR defecography can be performed with open- 
or closed-configuration units. The open-configuration MRI 
unit, where the patient is sitting during the investigation, is 
superior to the closed-configuration unit. This equipment is, 
however, expensive and not readily available in most institu-
tions. The image quality is usually also inferior in open-configu-
ration units, when compared with closed-configuration units. 
However, closed unit MRI has the disadvantage of only per-
mitting patients to be investigated in a supine position. The 
influence of having the patient emptying the rectum in the 
supine position is debated. Some studies report that this has 
limited influence on the results obtained, with the exception 
of identifying rectal intussusceptions.90,91 Dynamic MRI 
defecography is a nonionizing investigation and provides the 
investigator with a dynamic picture of the complete pelvic 
floor and pelvic organs. This can be useful in preoperative 
planning since concomitant findings are common in patients 
with pelvic floor disorders. In one study, it was noted that 

Figure 4-6. Sphincter defect in the anterior aspect.
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dynamic MRI defecography changed the type of surgical 
therapy in 67% of evaluated patients with fecal inconti-
nence.92 Dynamic MRI defecography might be a more accu-
rate tool to diagnose rectal intussusception than conventional 
defecography93,94 and to differentiate mucosal prolapse from 
full-thickness intussusceptions.95

Gastrointestinal Transit Studies

Most of the previously mentioned tests are focused on evalu-
ating the function and/or the anatomy of the rectum, the pel-
vic floor, and the surrounding organs. Transit studies provide 
an objective evaluation of the gastrointestinal motility, which 
is of paramount importance for stool consistency and in facil-
itating defecation through the “recto-colic reflex.”96 Marker 
studies and scintigraphy techniques provide estimation of 
transit times. Recently, a new technique with a wireless cap-
sule (SmartPill®) has been introduced as an instrument for 
investigating gastrointestinal transit time.

Colonic Markers Study

The most commonly used method for diagnosing patients 
with slow transit constipation is based on (usually 24 mark-
ers) radio-opaque markers. This is a simple technique that 
requires the patient to ingest a capsule containing radio-
opaque markers. Five days after the ingestion of the cap-
sule, a plain supine radiograph is obtained to determine the 
position and the number of remaining markers.97 The test 
is considered to be normal if five or fewer markers (£20%) 
still are present in the colon. If more than five markers are 
present in the colon, the transit time is considered to be pro-
longed. If the markers are predominantly present in the distal 
colon, this may suggest a pelvic floor problem resulting in 
obstructed defecation. If the markers are more diffusely dis-
tributed in the colon, this finding may be a sign of gastroin-
testinal dysmotility or colon inertia.

Alternatives to the above-mentioned technique are used 
by some centers. Some use an image obtained on the sev-
enth day and others ask the patient to ingest markers over 
a number of days.98 An additional variation has the patient 
ingest markers on Sunday evening and obtain an abdominal 
X-ray on Monday morning, Wednesday, and Friday. The ini-
tial film serves as a gross screening test of gastric and small 
bowel motility. Patients with normal upper gastrointestinal 
motility will have all markers in the colon on this first film.

Small bowel transit can be evaluated with oral lactulose 
ingestion followed by measurement of breath hydrogen 
excretion. Basically the lactulose ferments in the cecum 
to release hydrogen allowing inexpensive, safe, rapid and 
reproducible measurement of orocecal transit time.99

Radionuclide Gamma Scintigraphy of the Colon

Radionuclide gamma scintigraphy of the colon is a more 
complex and expensive evaluation of the colonic transit time 

compared to colonic marker study and the technique is only 
available at specialized centers with access to nuclear imag-
ing equipment. By ingestion of a radiolabeled isotope, the 
colon can be visualized with a gamma camera and frequent 
scans can be obtained. Scintigraphy provides a quantitative 
segmental picture of the colon and can potentially provide 
information about the variability of the motility in different 
colon segments.100

SmartPill®

SmartPill® is a wireless monitoring system built inside a 
pill that measures temperature, intraluminal pressure, and 
pH and is recorded by a portable receiver. The capsule is 
ingested by the patient and a drop in pH and a change in 
motility delineates the transition from the distal ileum into 
the cecum. From these data, whole gut transit and colonic 
transit can be separated and calculated. SmartPill has been 
compared with colonic scintigraphy and seems to be a prom-
ising tool to diagnose and evaluate patients suffering from 
slow transit constipation,101,102 but more studies are needed to 
prove its clinical applicability and utility.
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5
Endoscopy
Charles B. Whitlow

The large intestine from cecum to anus can be effectively 
and accurately examined as part of a complete physical 
examination. An ultimate diagnosis of large bowel diseases 
can only be made by direct observation of the abnormalities 
and, if indicated, a biopsy. Different equipment is designed 
and used for different purposes.

Anoscopy

Anoscopy is the examination of the anal canal. The lower 
part of the rectal mucosa, upper anal mucosa, anoderm, 
dentate line, internal and external hemorrhoids can be seen 
through this examination.

There are basically two types of anoscopes: Beveled type 
such as the Buie or Hirschman scope (Figure 5-1) and the 
lighted Welch-Allyn scope (Figure 5-2) that uses the same light 
source as the rigid proctosigmoidoscope. Another type is the 
side-opening Vernon-David scope with Hirschman handle 
(Figure 5-3). The Hinkel-James anoscope (Figure 5-4) is 
much longer than the Vernon-David scope and is suitable for 
patients with deep buttock cheeks.

Indication

Any anal and perianal diseases or conditions require a full 
examination of the anal canal. These include anal fissures, 
anal fistulas, anal Crohn’s disease, anal tumors, hemorrhoids, 
anal condyloma, bright red rectal bleeding and pruritus ani. 
Anoscopy is frequently used in conjunction with colonoscopy, 
flexible sigmoidoscopy, and rigid proctosigmoidoscopy as 
part of the examination.

Contraindications

Patients who have severe anal pain such as an acute anal fis-
sure or a perianal or intersphincteric abscess may not tolerate 
the examination. In general, if a patient can tolerate a digital 
examination, anoscopy can usually be done. A 2% lidocaine 

jelly should be used in patients with anal pain. Anal stricture 
or severe anal stenosis is another contraindication.

Preparation

No preparation is required.

Positioning

A prone jackknife position gives the best exposure. An alter-
native is the left-lateral recumbent (Simms) position.

Technique

The Vernon-David, which is a side-opening endoscope, gives 
the best examination. Inspection of the anal area should 
always precede any other examination and, for this, good 
lighting is essential. The cheeks of the buttock are gently 
spread to gain exposure. Skin tags, excoriation and change in 
color or thickness of the anal verge and perianal skin can be 
detected quickly. A scar, patulous, or irregularly shaped anus 
may give clues to the cause of anal incontinence. Particularly 
in multiparous women, the anal verge may be pushed down 
too far during straining – a feature of the perineal descent 
syndrome. When the anal verge is scratched or pricked with 
a needle, the external sphincter visibly contracts because of 
the anal reflex. It is useful for testing the sensibility of the 
anal canal, which may be absent in areas of previous scar or 
defect, or in patients with an underlying neuropathy.

The next step is to do a digital examination. The index 
finger should be well lubricated with a lubricant jelly, and 
the finger pressed on the anal aperture to “warn” the patient. 
Then the finger should be gradually inserted and swept all 
around the anal canal to detect any mass or induration. In 
men, the prostate should be felt. In women, the posterior 
vaginal wall should be pushed anteriorly to detect any evi-
dence of a rectocele. Anal tone, whether tight or loose, can 
be easily estimated. A stricture or narrowing from scar-
ring or a defect in the internal or external sphincters from a 
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 previous operation can be felt. A fibrous cord or induration 
in the anal area and the anal canal may indicate a fistulous 
tract. The external sphincter, puborectalis, and levator ani 
muscles can also be appreciated by digital examination. 

When the puborectalis is pulled in the posterior quadrant, 
the anus will gape but will close immediately when the trac-
tion is released. Persistence of the gaping indicates an abnor-
mal reflex pathway in the thoracolumbar region frequently 
seen in paraplegic patients. The finger should press gently 
on these muscles for signs of tenderness. When the person 
with good anal function is asked to contract the muscles, the 
examiner not only feels the squeeze of the muscle on the 
examining finger but also feels the finger pulled forward by 
the puborectalis muscle.

Insertion of the anoscope should always be done with the 
obturator in place. The obturator is removed during exami-
nation and reinserted to rotate the instrument to another area. 
In patients with redundant mucosa, reinsertion of the obtura-
tor may cause discomfort if the mucosa gets trapped between 
the obturator and the anoscope. However, if the beveled type 
of endoscope is used, the endoscope can be rotated without 
having to reinsert the obturator. If an inverted (jackknife) 
position is used, the examination table need not be tipped 
down more than 10–15°. If a left-lateral position is used, an 
assistant needs to pull up the right cheek of the buttock for 
exposure. During examination, the patient is asked to strain 
with the anoscope sliding out to detect any prolapse of the 
rectal mucosa and the anal cushion. Excoriation, metaplas-
tic changes, and friable mucosa indicate a prolapsed hemor-
rhoid.

Biopsies may be taken via the anoscope. Care should be 
taken to have adequate lighting and suction as needed. Local 
anesthesia is necessary for biopsies of lesions in the anal 
canal, including the sensate area extending 1–2 cm proximal 
to the dentate line.

Complications

Anal tear, especially at the posterior midline, can occur in 
patients with anal stenosis. Additionally, friable hemorrhoids 
may bleed from contact with the anoscope.

Figure 5-1. Buie anoscope.

Figure 5-2. Lighted Welch-Allyn anoscope.

Figure 5-3. Vernon-David with Hirschman handle anoscope.

Figure 5-4. Hinkel-James anoscope.
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Rigid Proctosigmoidoscopy

Three sizes of rigid proctosigmoidoscope are available 
(Figure 5-5). A 19 mm × 25 cm scope is the standard size 
for a general examination and for polypectomy or electro-
coagulation. A 15 mm × 25 cm endoscope is an ideal size 
for general examination. It is much better tolerated by the 
patient, causing less spasm of the rectum and thus, minimal 
air insufflation, yet enables as adequate an examination as 
the standard-size endoscope. An 11 mm × 25 cm endoscope 
should be available for examining the patient who has anal 
or rectal stricture, such as Crohn’s disease. Some physicians 
and surgeons prefer a disposable standard-size rigid procto-
sigmoidoscope for routine examination.

Indications

Rigid proctosigmoidoscopy has largely been replaced by 
flexible sigmoidoscopy. However, rigid proctosigmoidos-
copy is still useful in examination of the anorectum. One 
of its advantages is that any blood clots or stool can easily 
be washed out. In fact, in a patient who has massive gastro-
intestinal bleeding, a rigid proctosigmoidoscopy is the first 
line of examination to rule out the source of bleeding in the 
anorectum.

A rigid proctosigmoidoscopy is used when an abnormality 
of the anal canal and rectum is suspected such as nonspecific 
proctitis, radiation proctitis, anorectal ulcer, anorectal neo-
plasm, infectious proctitis, and anorectal Crohn’s disease. 
Rigid proctosigmoidoscopy is also useful to identify the pre-
cise site and size of rectal neoplasm.

Contraindications

Patients with severe anal pain from an acute fissure, throm-
bosed external hemorrhoids, and perianal abscess may not 
allow an examination. The examination should be postponed 
to some other date. Anal stricture that will not allow the 

 passage of the smallest size rigid proctosigmoidoscope is a 
contraindication to its use.

Patients with acute abdomen of any cause or a rectal or sig-
moid anastomosis less than 2 weeks postoperatively should 
have a rigid proctosigmoidoscopy with caution.

Preparation

Two phosphate enemas should be given within 2 h of the 
examination. This is not necessary in a patient who has diar-
rhea or active bleeding. Sedation is unnecessary.

Positioning

A prone jackknife is the position of choice. However, the 
left-lateral position also gives an adequate examination 
and should be used in conditions such as pregnancy, severe 
hypertension, retinal detachment, or postoperative eye sur-
gery and some apprehensive patients.

Technique

Although a standard proctosigmoidoscope is 25 cm in length, 
the average distance that the scope can be passed is 20 cm. 
In men, the scope can be passed to 21–25 cm half of the 
time, and in women, it can be passed that distance one-third 
of the time.1 Rigid proctosigmoidoscopy is suitable only to 
examine the rectum and, in some patients, the distal sigmoid 
colon. The pain experienced from proctosigmoidoscopy is 
from stretching the mesentery of the rectosigmoid colon 
when the scope is pushed against the rectal wall, and from 
the air insufflation. When properly performed, rigid procto-
sigmoidoscopy should produce no pain or only mild discom-
fort. Most patients are fearful of the examination because of 
past bad experience with the procedure or from what they 
have heard. A few words of reassurance will be helpful.

With the obturator in place and held steady with the right 
thumb, the well-lubricated rigid proctosigmoidoscope is 
gently inserted into the anal canal, aiming toward the umbi-
licus for a distance of about 4–5 cm. Then the endoscope is 
angled toward the sacrum and advanced another 4–5 cm into 
the rectum. The obturator is removed and the bowel lumen 
is negotiated under direct vision. Air insufflation is limited 
to the amount necessary to open the lumen. When an angle 
is encountered, the endoscope is withdrawn 3–4 cm and then 
readvanced. This may be repeated several times to straighten 
the angulation. If further advancement is unsuccessful, the 
procedure is terminated at this point. Careful examination is 
done as the instrument is withdrawn. It is usually necessary 
to insufflate a small amount of air for good visualization of 
the lumen. The instrument should be rotated on withdrawal to 
ensure examination of the entire circumference. The mucosal 
folds in the rectum (valves of Houston) can be flattened with 
the tip of the endoscope to see the area immediately proximal 
to them. The length of insertion should be measured from the 

Figure 5-5. Rigid proctosigmoidoscope. Top 19 mm × 25 cm, 
middle 15 mm × 25 cm, bottom 11 mm × 25 cm.
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anal verge without stretching the bowel wall. The appearance 
of the mucosa and depth of insertion should be accurately 
described. If a lesion is seen, the size, appearance, location 
and level are recorded. If a biopsy is performed, the location, 
level, number of biopsies and whether electrocoagulation is 
necessary should be noted. During the entire procedure, suc-
tion and water irrigation should be available. A rigid cautery 
snare (Frankfelt snare) and cautery tip attachments are useful 
for excision or ablation of rectal neoplasms.

Complications

If not careful, the tip of the endoscope can tear the mucosa; a 
small or moderate amount of bleeding may occur. Abdomi-
nal pain and distention can occur from excessive air insuf-
flation.

Perforation from diagnostic rigid proctosigmoidoscopy 
is extremely rare. Gilbertsen2 reported an incidence of five 
perforations in 103,000 examinations. Nelson et al.3 reported 
two perforations in over 16,000 examinations.

Flexible Sigmoidoscopy

The present day flexible sigmoidoscope is no longer fiberop-
tic but contains a videochip at the tip of the endoscope. This 
videochip transmits the image through the processing unit 
to the monitor. The flexible videosigmoidoscope is 60 cm in 
functional length (Figure 5-6). The entire sigmoid colon can 
be reached by the flexible sigmoidoscope in 45–85% of cases 
and in some cases the splenic flexure can also be visualized.4,5 
The discrepancies in success depend on patient selection and 
the experience of the endoscopist. For selective screening 
examination, flexible sigmoidoscopy has a three to six times 
greater yield than does rigid proctosigmoidoscopy in detect-
ing colonic and rectal abnormalities, especially neoplasms.6,7 
Because of this higher yield and better exposure, many physi-
cians have discarded rigid proctosigmoidoscopy.

Indications

The role of flexible sigmoidoscopy is difficult to define, 
because it can examine only the sigmoid colon and rectum 
in most cases. However, it is more convenient to use, and in 
many cases the entire colon need not be examined.

In acute diarrhea, flexible sigmoidoscopy can be used to 
rule out Clostridium difficile colitis, acute bacterial colitis, 
amebic colitis, and ischemic colitis particularly after aortic 
aneurysm repair. Flexible sigmoidoscopy is also an excellent 
tool to examine bright red rectal bleeding to detect its cause 
such as nonspecific proctitis, radiation proctitis, anorectal 
Crohn’s disease, rectal ulcer, and also anorectal neoplasm. 
Additional common indications for flexible sigmoidoscopy 
include postoperative evaluation to look for anastomotic 
strictures and to detect local recurrence of neoplasms treated 
by transanal excision or radical excision. Flexible sigmoi-
doscopy is also used for colorectal cancer screening in con-
junction with tests for fecal occult blood and to complement 
a barium enema examination. In this situation, CO

2
 may be 

used for air insufflation if a barium enema is to follow.

Contraindications

Patient with severe anal pain from anal diseases may not tol-
erate the insertion of the scope. This also applies to anorectal 
stricture and colorectal anastomosis less than 2 weeks postop-
eratively. Other contraindications include acute sigmoid diver-
ticulitis, toxic colitis, and patients with an acute abdomen.

Preparation

Bowel preparation with two fleet enemas given within 2 h 
of examination is adequate. The patient may eat normally. 
Patients with diarrhea do not require the enemas.

Positioning

Left-lateral recumbent or prone jackknife position.

Technique

Sedation is unnecessary. The anal canal is lubricated by  digital 
examination. A well-lubricated flexible sigmoidoscope is 
then inserted. Advancement of the endoscope is performed 
under direct vision. Pushing the endoscope through a bend in 
the bowel is a poor technique. Instead, the endoscope should 
be withdrawn to straighten the bowel. The key to success 
is short withdrawal and advancement of the endoscope or 
a to-and-fro movement (“dithering”), together with rotating 
(torquing) the instrument clockwise and/or counter clockwise 
as needed. Use of air insufflation should be kept to a mini-
mum. The procedure should be completed within 5–10 min. 
If a lesion is detected and proved by biopsy to be a neoplasm, 
a complete colonic investigation is indicated, ideally by total 
colonoscopy at some other date. A polyp up to 8 mm in size Figure 5-6. Flexible video sigmoidoscope.
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can be sampled and frequently completely excised with cold 
biopsy forceps. Alternatively, cautery forceps (hot biopsy) 
and fulguration can be used. To prevent possible explosion, 
due to hydrogen or methane gas in the lumen, air should be 
exchanged in the colon and rectum with repeated insuffla-
tion and suction. For larger polyps and in those cases when a 
full colonoscopy is planned, delay in treatment until time of 
colonoscopy with full bowel preparation is preferable.

Complications

Excessive air insufflation can cause acute abdominal disten-
tion and abdominal pain. This is best corrected by reinser-
tion of the endoscope and aspiration of air. Too rough and 
improper technique can cause perforation and other injuries, 
such as mucosal laceration with associated bleeding.

The most common site of perforation in flexible sigmoidos-
copy is in the distal sigmoid colon where it is angulated from 
the relatively fixed rectum at promontory of the sacrum. Com-
plications from flexible sigmoidoscopy are uncommon but 
can be serious. They can be immediately apparent or delayed. 
Gatto et al.8 reported a large population-based cohort that con-
sisted of a random sample of 5% of Medicare beneficiaries 
living in the region of the USA covered by the surveillance, 
epidemiology, and end results program registries between 
1991 and 1998. There were 35,298 flexible sigmoidoscopies 
performed. The perforation rate within 7 days of the procedure 
was 0.9/1,000. Anderson et al.9 evaluated the 10-year experi-
ence between 1987 and 1996 at Mayo Clinic, Scottsdale, Ari-
zona. There were 49,501 flexible sigmoidoscopies performed. 
Two perforations occurred – one was in the cecum, most likely 
from excessive air. The other was in the sigmoid colon but 
was not detected until 17 days later as a pelvic abscess. Both 
required operation. There was no mortality. Levin et al.10 ana-
lyzed 107,704 individuals who underwent 109,534 flexible 
sigmoidoscopic screenings as part of Colorectal Cancer Pre-
vention Program from 1994 to 1996 at North California Kaiser 
Permanente Medical Care Program. There were two perfora-
tions, two episodes of diverticulitis requiring operation, two 
cases of bleeding requiring blood transfusion and one episode 
of unexplained colitis. In this study in multivariate models, 
complications were significantly more common in men than 
in women (odds ratio, 3.34; confidence interval 95%).

Ileoscopy

Examination of the small intestine via an ileostomy can be 
 performed using a rigid proctosigmoidoscope or a flexible 
scope.

Indications

Indications for endoscoping the terminal ileum are few. Most 
of the time it is to rule out recurrent Crohn’s disease or to 
find an abnormality in patients with high ileostomy output.

Contraindications

Stricture of the stoma.

Preparation

Bowel preparation is not required, but it is helpful if the 
patient has been on a clear liquid diet for 1 day. Sedation is 
not required.

Positioning

Supine.

Technique

The examination starts with a digital examination to gently 
dilate the stoma which is frequently slightly stenotic. The 
well-lubricated rigid scope is introduced directly into the ileo-
stomy. The terminal ileum is quite active with frequent spasm. 
It requires more air insufflation than scoping the rectum. The 
distance traversed by the endoscope is usually limited to 
12–15 cm. In patients with a large para-ileostomy hernia, the 
endoscope may usually not be passed beyond 10 cm.

Flexible ileoscopy is much easier to perform. The angula-
tion of the small bowel can be straightened by push, pull, and 
rotation of the scope. A moderate amount of air insufflation 
is usually required.

Complications

The small bowel has thin walls and requires gentle maneuver-
ing of the endoscope. Perforation can easily occur. If an angle 
cannot be straightened the procedure should be terminated.

Pouchoscopy

Kock Pouch or Continent Ileostomy

Indications

Although the ileoanal pouch has completely replaced the 
Kock pouch, there are still many patients with a Kock pouch. 
One of the most common problems that require endoscopy 
is the extrusion of the valve causing difficulty or impossi-
bility of intubation to evacuate the stool. The examination 
is performed to help decompress the obstructed pouch and 
to place a draining tube. Other indications include Crohn’s 
disease and complication of the pouch with fistulas and high 
output of the pouch.

Both rigid and flexible endoscopes can be used. Church 
et al.11 advised using a pediatric flexible endoscope.

Contraindications

Stricture of the stoma. Unless the procedure is performed 
under a general anesthetic.
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Preparation

Bowel preparation is unnecessary and sedation is not usually 
required. If possible, the pouch should be emptied or irri-
gated immediately prior to the examination. It is preferable 
if the patient has been on a clear liquid diet for 1 day prior 
to the procedure.

Positioning

Supine.

Technique

The endoscope can usually be passed easily into the pouch 
with inspection of the stoma being performed on insertion or 
withdrawal. The pouch can be lavaged as necessary.

A general inspection of the pouch is performed noting the 
mucosal appearance, the pouch size, distensibility and the 
status of suture lines. If possible, the afferent loop of ileum 
should be intubated, especially in patients presenting with 
pouch inflammation. The endoscope must be retroflexed 
within the pouch to check valve length and symmetry. A 
careful search for foreign material should be made, par-
ticularly around the base of the valve. If mesh was used to 
reinforce the nipple valve, a fistula may form at this area. In 
patients with slippage or extrusion of the valve, passing the 
endoscope will be difficult.

For an obstructed pouch from a slipped valve, Church 
et al.11 used a flexible endoscope as an obturator to insert the 
rigid proctosigmoidoscope. The rigid endoscope is placed 
over the flexible endoscope, which is itself inserted into the 
pouch. Then the rigid endoscope is advanced over the flexible 
endoscope into the pouch. Now the flexible endoscope can 
be withdrawn and a drainage catheter inserted to temporarily 
relieve the obstruction. Another option is to pass a guide wire 
or forceps through the biopsy channel of the flexible endo-
scope that has been inserted through the valve into the pouch. 
The wire or forceps (with the handle removed) is then left in 
the pouch and the scope is withdrawn, a drainage catheter can 
then be passed into the pouch over the wire or forceps, and 
surgical repair of the nipple valve is almost always required.

Complications

Perforation can occur, particularly when there is an obstruc-
tion of the pouch.

Ileoanal Pouch

Examination of the ileoanal pouch is best performed using 
a flexible sigmoidoscope although a rigid proctoscope can 
also be used. Unless there is an anastomotic anal stricture, 
the examination is usually easy. The endoscope can be used 
to examine the entire pouch and usually the terminal ileum 
proximal to the pouch.

Indications

Examination of the pouch is indicated for patients with 
bleeding from the pouch, diarrhea, recent onset of fecal 
incontinence, obstructive symptoms, pouchitis, for surveil-
lance follow-up examination to exclude neoplastic changes 
and to rule out Crohn’s disease.

Contraindications

Severe anal or anastomotic stricture, unless the procedure is 
performed under general anesthetic.

Preparation

The patient is prepared by taking clear liquids for 1 day or 
administered a small enema before the examination. Seda-
tion is not required.

Positioning

Left-lateral recumbent or prone jackknife position.

Technique

The examination starts with a digital examination to evaluate 
the anal canal and the anal anastomosis. If there is a stricture, 
it should first be dilated with a finger or with Hegar dilators.

The well-lubricated flexible sigmoidoscope or a colono-
scope is introduced into the anal canal. The endoscope is 
advanced into the pouch. The terminal ileum proximal to the 
pouch can usually be intubated. The examiner should evalu-
ate the mucosa of the pouch and anal canal for any edema of 
the mucosa, granularity, mucosal bleeding, contact bleeding, 
erosion, fibrin exudate, pattern of mucosal ulceration, plaque 
and mass. Abnormal mucosa should be biopsied. Only cold 
biopsy should be performed.

Complications

Tear of the anal canal can occur if there is stricture of the 
anus or anastomosis. Traumatic injury from the scope may 
cause moderate bleeding which usually stops spontane-
ously. A perforation can occur from the instrumentation or 
a biopsy.

Colonoscopy

With the many methods available for evaluation and often 
therapy of colorectal disorders, colonoscopy has emerged as 
the gold standard for diagnosis. It is also, in some areas, an 
increasingly frequent option for therapy, be it definitive or 
palliative.
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Indications

Indications for diagnostic colonoscopy include: the evaluation 
of virtually all symptoms associated with potential benign or 
malignant, acute or chronic diseases of the colorectum; for 
resolution of abnormalities seen on other imaging modali-
ties; for investigating otherwise unexplained symptoms such 
as anemia; the evaluation of chronic and acute bleeding per 
annum; for screening and surveillance of patients at high 
risk for colon adenomas or carcinoma; localization of non-
palpable lesions at open or laparoscopic operation. It is also 
increasingly possible to combine diagnostic colonoscopy 
and other imaging techniques such as ultrasound.

Contraindications

Contraindications to diagnostic colonoscopy may be classi-
fied as absolute or relative. Although colonoscopy is appro-
priately considered a minimally invasive procedure there are 
risks involved which may be avoided or, at least minimized, 
by careful patient selection and certainly these risks should 
be discussed prior to the performance of the procedure.

Absolute contraindications are as follows: suspected bowel 
perforation, established peritonitis, or fulminant colitis.

Relative contraindications include suspected ischemia and 
acute colitis, in either of which instance an experienced exam-
iner may safely perform a limited examination. Patients with 
a recent anastomosis may be examined with caution. Active 
bleeding, once a relative contraindication to colonoscopy, is 
being used more and more in this setting. This is described 
in both the prepped and unprepped colon with low complica-
tion rates.12 The author performs colonoscopy in acute lower 
gastrointestinal bleeding in patients who have evidence of 
ongoing bleeding and either a (1) negative nuclear medicine 
tagged red blood cell scan or (2) positive tagged red blood 
cell scans followed by negative mesenteric angiography.

Preparation

Preparation for colonoscopy, of necessity, should include 
preparation of the endoscopist, preparation of the patient in 
general and of the colon specifically. Several organizations 
have prepared and published guidelines for credentialing the 
individual who is permitted to perform colonoscopy in an 
institutional setting13 and, in some institutions, Credentials 
Committees have been established which grant privileges. 
Although there is some controversy involving required num-
bers of experiences in training, all recommendations include 
the following elements: background knowledge of anatomy, 
physiology and pathology of the colon; familiarity with 
instruments and accessories used in endoscopy; some for-
mal training; and quality assurance practices. The concept of 
proctoring has also been addressed by some.14 Equipment for 
resuscitation should be available and individuals qualified to 
perform cardiopulmonary resuscitation should be present in 

the area where colonoscopy is performed. The necessity for 
qualified assistance during the performance of the procedure 
and for monitoring the patient’s condition cannot be over-
stated.

Obtaining informed consent is an opportunity for discuss-
ing with the patient elements of the past and present medi-
cal history, especially medications and operative procedures, 
which may expose psychological concerns or the need to 
modify preparation or change medication, timing, and dos-
age. It is necessary to point out the potential hazards of 
colonoscopy, noting aspects of the process that might cause 
discomfort but it is also important to give reassurance that 
while the risk of complication is low the examiner is prepared 
for prompt management. The question of the need for anti-
biotic prophylaxis stems from concern that although diag-
nostic colonoscopy is a low-risk procedure for bacteremia, 
infection of damaged cardiac valves or implanted prosthesis 
is a risk. The American Heart Association (AHA) and the 
American Society for Gastrointestinal Endoscopy (ASGE) 
have issued guidelines stating that antibiotic prophylaxis is 
not required for gastrointestinal endoscopy solely for pre-
vention of infectious endocarditis.15,16 A separate scientific 
statement from the AHA does not recommend routine antibi-
otic prophylaxis in patients who have nonvalvular cardiovas-
cular devices (including vascular grafts) and are undergoing 
gastrointestinal procedures.17

Preparation

Thorough mechanical preparation of the colon is absolutely 
essential for efficient, safe, and complete endoscopic exami-
nation. In addition, should perforation occur, the empty colon 
certainly poses less risk of significant peritoneal contamination. 
There are various forms of mechanical preparation possible, 
but the most thorough and safest current regimen involves the 
use of polyethylene glycol electrolyte lavage solutions. Other 
forms of preparation that are sometimes employed involve 
ingestion of a saline cathartic (usually sodium phosphate or 
magnesium citrate) as well as enemas. Sodium phosphate 
bowel preparations have been associated with acute phosphate 
nephropathy, which has lead to the discontinuation of most 
over the counter sodium phosphate preparations. A consen-
sus statement from the ASGE, the American Society of Colon 
and Rectal Surgeons (ASCRS) and the Society of American 
Gastrointestinal and Endoscopic Surgeons (SAGES) from 
2006 includes sodium phosphate bowel preparation in its 
“regimens of colon cleansing before colonoscopy.” Contrain-
dications include pediatric or elderly patients, patients with 
bowel obstruction, renal insufficiency or failure, congestive 
heart failure, or liver failure.18 An addendum to this statement 
was published shortly after its release, which adds the “Food 
and Drug Administration (FDA) warning about oral sodium 
phosphate.” This statement includes additional risk factors 
for acute phosphate nephropathy including “medications that 
affect renal perfusion or function….”19
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Monitoring

Although the use of pulse oximetry, heart rate, and intermit-
tent monitoring of blood pressure, as well as electrocardi-
ography (if clinically indicated), have now become standard 
procedures, it is important for the assistant as well as the 
endoscopist to be aware of any changes in the patient’s level 
of awareness, respirations, and abdominal distention.

Bleeding Prophylaxis

Although bleeding is rarely associated with diagnostic 
colonoscopy there are concerns about bleeding at or after colon-
oscopy, if biopsy or polypectomy are contemplated. This has 
led to modification of anticoagulation regimens and cessation 
of drugs which might alter platelet function. Recommenda-
tions for periprocedural management of anticoagulants must 
take into consideration the magnitude of risk of a throm-
boembolic event and its attendant morbidity/mortality vs. 
the risk of bleeding from the procedure and the morbidity/
mortality from those events. Two resources have thorough 
discussions of these issues and recommendations for man-
agement.20,21 A summarization of these recommendations are 
that patients who are on chronic warfarin, who are at high 
risk for a thromboembolic event, and who are undergoing a 
high risk procedure (e.g., colonoscopy with polypectomy), 
should be managed with discontinuation of warfarin, “bridging” 
anticoagulation with heparin (intravenous unfractionated 
heparin or subcutaneous low-molecular weight heparin), and 
postprocedural resumption of their oral anticoagulation. Rec-
ommendations from the American College of Chest Physi-
cians for antiplatelet therapy (including clopidogrel) and are 
updated regularly and practitioners performing colonoscopy 
should familiarize themselves with these guidelines.21

Technique

For successful passage of the colonoscope to the most proximal 
desired anatomic region (cecum or anastomosis) it is impera-
tive that a few principles be understood.22 The examiner must 
appreciate that the colon is of variable length, that respiratory 
and peristaltic activity is in progress during the examination, and 
that some areas of the colon are more fixed (by normal anatomy, 
previous inflammation, or postoperative change). It is dangerous 
to proceed with introduction of the endoscope without knowing 
at all times the location of the lumen.

Before starting the examination the equipment should be 
checked to verify that it is in good working order that irriga-
tion, suction, and air insufflation channels are open, and that 
the directional controls are in the unlocked position. With the 
patient in the left-lateral recumbent position, the examination 
is initiated by thoroughly inspecting the perianal area for fis-
sures, fistulae, hemorrhoids, condylomata and rarer condi-
tions such as melanoma, Bowen’s disease, extramammary 
Paget’s disease, squamous and anal gland carcinomas. Next, 

the lubricated gloved right index finger is inserted into the 
anus and a rectal exanimation carefully performed,  paying 
special attention to the surface of the prostate gland in the 
middle aged and older male patient. With the right index fin-
ger still in the rectum, the endoscopist then holds the tip of 
the instrument in the left hand, places it at right angles to the 
right index finger and by effacing the sphincter with gen-
tle pressure of the right index finger, the instrument tip can  
be gently inserted as the right index finger is withdrawn. The 
examiner then grasps the head of the instrument in the palm 
of the left hand, leaving the thumb and index finger free to 
manipulate the knobs for tip deflection with the former and 
the air and water insufflation as well as suction buttons with 
the other. The right hand is placed on the instrument shaft. 
With the instrument in the rectal ampulla it is usually neces-
sary to insufflate the lumen with a small amount of air in 
order to visualize the direction of the lumen.

The main objective on insertion of the instrument is to 
reach the most proximal point desired in as expeditiously a 
fashion as possible, leaving detailed inspection until the pro-
cess of withdrawal of the endoscope. However, detection of 
an abnormality on insertion may require a change in strategy. 
For example, it may be important to detect, localize, some-
times biopsy, or even remove a small lesion for fear of not 
being able to find it easily on withdrawal. In some circum-
stances at least localization and biopsy should be performed, 
even on insertion.

One of the earliest challenges to insertion is advancing the 
instrument into the descending colon. The unprepared exam-
iner, looking at the stylized cartoons of many an endoscopy 
record form and even many anatomical and surgical text-
books may not recognize how long the sigmoid colon can 
be and how easy it may be to insert a considerable length of 
the instrument into it. Because the sigmoid is commonly not 
fixed, it accepts the instrument so readily that when the acute 
angle at the junction of the sigmoid and (fixed) descending 
colon is reached the inexperienced examiner may think that 
he has achieved insertion to the splenic flexure. Attempts 
at further insertion may be hindered then by the loop cre-
ated in the sigmoid colon. Most of the time this frustrating 
situation may be entirely avoided by attempting to keep the 
sigmoid collapsed and shortened as early as possible. Some 
have found that a clockwise turn with the right hand on the 
shaft of the instrument and with jiggling of the shaft, as well 
as back and forth motion, will often allow the bowel to fall 
over the instrument, so to speak, allowing insertion with a 
less than one-to-one motion. It is this pleating or “accor-
dioning” of the bowel over the instrument with alternating 
release that allows for efficient advancement and more than 
one-to-one motion. As a matter of fact, the recognition of 
this intermittent intussusception and reduction as part of the 
normal advancement of the instrument makes it understand-
able that, in estimating the extent of intubation or the loca-
tion of a lesion, the least accurate determination is measuring 
on the shaft of the instrument.
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Having entered the descending colon with the sigmoid 
shortened and “straight,” it is usually quite easy to advance 
to and around the splenic flexure. Difficulty in intubation 
beyond the splenic flexure is more common when the patient 
has undergone previous operation within this area with adhe-
sions in the left upper quadrant which may produce fixation. 
Alternatively, a high, acutely angulated flexure can cause 
difficulty. If the endoscopist recognizes the distal transverse 
colon by endoscopic anatomy or transmitted aortic pulsa-
tion, it is to be recalled that, like the sigmoid, the transverse 
colon is on a long mesentery and is rarely fixed. The hepatic 
flexure can be more easily reached by keeping the transverse 
colon as collapsed as possible.

The hepatic is often a more complicated flexure than is 
the splenic and one may wander a while before entering the 
distal ascending colon. However, once the latter has been 
entered and there has been no prior right abdominal opera-
tion (for example, cholecystectomy or appendectomy) the 
cecum is often rapidly reached by application of suction to 
collapse the bowel over the instrument. A change in position 
from lateral to supine may also be helpful. It is important to 
be fully cognizant of the vagaries of endoscopic anatomy in 
order to confirm cecal intubation – by visualization of the 
appendiceal orifice and the ileocecal valve. Looking for tran-
sillumination from the instrument tip through the abdominal 
wall in the right lower quadrant is, unfortunately, a trap for 
the unsophisticated endoscopist who uses it to verify cecal 
entry. It merely points out that the instrument tip is in the right 
lower quadrant but the endoscopic tip may be in any mobile 
part of the colon, for example, the transverse colon or even 
the sigmoid. In fact, the student of anatomy recognizes that 
the cecum is not always in the right lower quadrant. There 
are aids to overcoming obstacles to cecal intubation. One is 
changing the patient’s position from left-lateral to supine if 
this was not done earlier. This maneuver can also be helpful 
when progress is impeded at the rectosigmoid junction or the 
flexures. A second common technique is attempting to keep 
the sigmoid in a straight position so that on further insertion 
the tip may progress proximally. Abdominal pressure by an 
assistant is often used in an attempt to keep the sigmoid from 
reforming a loop since once it has already been straightened. 
One should not expect or direct the assistant to reduce the 
loop by compression because this could theoretically lead 
to injury of the bowel wall. Rather, the sigmoid has to be 
straightened and then pressure may be used to keep the loop 
from being reformed. If one reviews a series of barium enema 
films or has acquaintance with the position of the omega loop 
of the sigmoid at abdominal operation it helps to understand 
these maneuvers. For those who have the capability of fluo-
roscopy in their endoscopy units, much can be learned and 
much assistance provided in this maneuver, especially in the 
individual’s early endoscopic experience. For one, it is hum-
bling to recognize how inaccurate one can be of the extent 
of insertion or the shape of the bowel with the endoscope 
inserted. There are two recent developments in endoscopic 

and related instrumentation which may facilitate overcoming 
the difficult sigmoid loop, still the most challenging aspect 
of diagnostic colonoscopy. One is the development in the 
design of some colonoscopes for the endoscopist to vary the 
stiffness of the endoscope to allow a previously shortened 
and straightened segment of bowel from reforming a loop. 
The assumption is that the endoscopist knows with certainty 
that the loop has been adequately reduced and that it is safe to 
insert a now more rigid instrument. Those who have expertise 
with fluoroscopy know that this can be a fallible assumption. 
Another development is an extracorporeal magnetic device 
that can track the course and shape of the endoscope during 
insertion.23 If proven accurate this device could potentially 
obviate fluoroscopy for localization, reduction of difficult 
loops, and even allow for safer stiffening of the endoscope 
utilizing either a variable stiffness endoscope or the external 
splinting device introduced by Shinya in the early days of 
colonoscopy. Certainly, the external splinting device should 
never be used without the benefit of fluoroscopic assistance, 
because with an angulated segment of bowel, it is pos-
sible to damage the bowel wall if the mucosa is caught in 
the space between the edge of the splinting device and the 
shaft of the instrument. When using the external splinting 
device the fluoroscope is used to first verify that the tip of 
the instrument is just beyond the splenic flexure and acutely 
angled (Figure 5-7). The deflection knobs are then placed in 
the locked position and, as the instrument is withdrawn and  
the sigmoid loop straightened under fluoroscopic control, the 
external splint is advanced over the endoscope up to but not 
beyond the proximal descending colon.22 One does not wish 
to advance it to the splenic flexure where the lienocolic liga-
ment may be vulnerable to avulsion. An assistant has to keep 

Figure 5-7. Use of external splint.
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the splinting device fixed at the anus so that the examiner 
does not insert it further than desired during the remainder 
of the examination.

External manipulation may also be helpful in two other 
circumstances. Sometimes the transverse colon, having a 
long mesentery, may form a loop extending well into the 
pelvis. Reduction of this loop by withdrawing the instrument 
and utilizing suction will usually achieve rapid progress 
into the ascending colon. But one can sometimes keep the 
loop from reforming by having an assistant apply pressure 
from the right abdomen directed to the left upper quadrant 
(because the transverse colon mesentery is longer on the 
right and the loop is therefore more prominent in the right 
portion of the abdomen or pelvis). If the cecum is not fixed 
(as from prior operation, for example, appendectomy or 
pelvic surgery), it may be possible with gentle pressure or 
the abdominal wall to collapse it onto the tip of the instru-
ment, remembering, however, that the cecum is not always 
in the right lower quadrant. Sometimes placing the patient in  
the prone position allows easier intubation of the cecum

On withdrawal of the instrument one has to be sure that 
the entire mucosa is visualized. The author has found it help-
ful to place the patient supine for withdrawal. This aids in 
localization as fluid will collect in the most dependent por-
tions of the colon – cecum, hepatic and splenic flexure, and 
rectum. Additionally, fluid and solid matter will move with 
gravity, thereby exposing portions of the colonic wall that 
were obscured in the left-lateral position. As one withdraws 
the instrument and the bowel recedes inspection is accom-
plished, but it requires close attention since one can easily 
withdraw too rapidly as a previously accordioned segment 
escapes without the examiner’s control. It may be necessary 
to go back over an area not adequately visualized initially. In 
this connection, adequate preparation is even more important 
at this time than on insertion. If liquid material is present but 
too thick to be aspirated by suction through the instrument 
channel one may purposefully change the patient’s posi-
tion to allow the fluid to shift to another area. Withdrawal 
through the sigmoid colon perforce requires more time and 
attention because there are more folds and recesses. While 
the experienced examiner can usually withdraw very slowly 
through the anal canal and thus visualize its entire circumfer-
ence this is sometimes better if complemented by retroflex-
ing the tip of the instrument in the anal ampulla to visualize 
the region of the dentate line (if the rectal ampulla is readily 
distensible). As the endoscope is withdrawn through each 
segment of the colon, it is useful to decompress each exam-
ined  segment with suction so that at the conclusion of the 
examination the abdomen is minimally distended.

Normal Endoscopic Anatomy

Some segments of the colon are more readily recognized than 
others and one has to be careful not to be overconfident unless 
a classic appearance is present. On insertion it is important to 

first recognize the three rectal valves of Houston since the 
relationship of a lesion to them will have great relevance if 
surgical intervention is to be contemplated. Diverticula may 
be seen throughout the intraperitoneal colon but rarely below 
the peritoneal reflection. The descending colon, being fixed 
along the white line of Toldt will often present a long straight 
“tunnel view.” Occasionally the splenic flexure is specifically 
recognized if there is an external bulging bluish mass indent-
ing the colon, descending with respiration. More common in 
the sigmoid colon, diverticula may be seen throughout the 
length of the large intestine. Their orifices may be so wide 
that they may be mistaken for the bowel lumen. It is there-
fore safer to back away somewhat and have a longer view 
to be sure of the location of the lumen. In any one field of 
view, the diverticulum will of course be at right angles to 
the lumen (Figure 5-8). The transverse colon, on insertion, 
being suspended by the three taenia coli presents the appear-
ance of an equilateral triangle (the so-called cathedral ceiling 
appearance). Quite commonly, the distal transverse colon can 
be identified in relation to the proximal since the point of 
maximal impulse of the aorta is transmitted through the dia-
phragm which overlies the distal transverse colon. Especially, 
in thin patients, the liver casts a broad flat bluish green cast 
outside the colon but since this may be seen for a variable dis-
tance from distal transverse colon to mid ascending colon, it 
is not particularly helpful with localization of a lesion. At the 
hepatic flexure the colon often assumes a spiral configuration 
which can cause the tenia to so approximate each other as to 
make the novice assume the cecum has been reached (what 
has been called “the fool’s cecum” or “the faux cecum”).

The interhaustral folds in the ascending colon are low in 
profile compared with those in the left colon. The ileocecal 
valve is most commonly recognized as an eccentric bulge 
with a sometimes visible umbilication. Because there is 
more adipose tissue in it the appearance is often a yellowish 
color compared with the pink of the rest of the colon. The 
ileocecal valve is rarely seen head on but it is, of course, 
more easily recognizable when it is. It is important to intu-
bate proximal to the valve since the true caput of the colon 
may be at a variable distance from the ileocecal valve. As 
the three tenia merge at the caput(often appearing like the 
branches of a tree or a crow’s foot), the appendiceal orifice 
is commonly recognized, even in the patient who has under-
gone previous appendectomy. Whenever possible, the ileo-
cecal valve should be intubated and the granular appearance 
of the small bowel noted. Routine practice of this improves 
the endoscopists proficiency for cases when intubation of 
the small bowel is likely to be of most value, for example, 
in acute lower gastrointestinal bleeding and inflammatory 
bowel disease.

Abnormal Findings

Exophytic lesions are the easiest to visualize and recognize 
at colonoscopy, the most common being adenocarcinoma. 
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All polypoid lesions of the colon may be visualized at 
colonoscopy and virtually all have distinguishing character-
istics. Many are submucosal (lymphoid hyperplasia, stromal 
tumors, lipomas, carcinoids, endometriomas, hemangiomas, 
neurofibromas, or lymphoma). A few are metastatic from 
other organs (for example, prostate, pancreas, or kidney). 
The diagnosis of most of these lesions can be made by endo-
scopic visualization or sampling. Some, being of no clinical 
consequence, require only recognition (lymphoid, hyperpla-
sia, and lipoma). Chromoendoscopy and narrow band imag-
ing are techniques which may improve polyp detection rate 
and differentiation of polyp type. As of this writing, neither 
technique has demonstrated widespread benefit.24–26 Addi-
tionally, a retroscope that fits through the working channel of 
the colonoscope has also been described, but its usefulness 
has yet to be proven.

In addition to lesions which protrude, there are numerous 
inflammatory or degenerative conditions which have a rec-
ognizable endoscopic appearance and many can be safely 
sampled if necessary. These include the various colitides 
(bacterial, viral, ulcerative, granulomatous), ischemia, radia-
tion proctopathy (formerly called “proctitis”) and melanosis 
coli. Melanosis coli, when marked, may help in visualization 
of adenomatous tissue since the pigment is not deposited 
in only normal mucosa. Areas of angiodysplasia (vascular 
ectasias, arteriovenous malformations) can be recognized 
on diagnostic colonoscopy but must be distinguished from 
bruises created from instrumentation or even preparation. 
The endoscopist has to recognize colonic anatomy disturbed 
by previous operation and therefore has to be familiar with 
the variety of intestinal anastomoses performed.

Areas of stenosis and stricture may be encountered 
 secondary to benign conditions (previous resection and 
anastomosis, diverticulitis, colitis, radiation injury) or malig-
nancy. Other rare findings to be recognized include colitis 
cystica profunda, pneumatosis, and Behçet’s syndrome. 
The manner in which the nature of a lesion is established 
at diagnostic colonoscopy will vary. A tiny sessile lesion 
(for example, a diminutive polyp) may be removed in its 
entirety with the biopsy forceps for pathologic examination. 
A pedunculated lesion suspected of being a benign adenoma 
may be removed at the time of diagnostic examination by 
snare polypectomy. Larger sessile lesions may be elevated 
with submucosal injection with saline and then excised with 
a snare completely or piecemeal. Fulguration with monopo-
lar cautery or argon plasma coagulator may be used to ablate 
tissue. A sessile lesion suspected of being a carcinoma may 
be biopsied at one or more sites or even partially removed 
with a snare and cautery to obtain a satisfactory specimen. 
A stricture may be sampled for possible malignant cells by 
advancing a cytology brush into the stricture ahead of the 
colonoscope (Figure 5-9). Malignant cells may thus be har-
vested even though the stricture cannot be traversed with 
the endoscope. A lesion which appears vascular and friable 
may be simply photographed. A submucosal lesion may be 
exposed by disrupting the overlying mucosa with sequential 
bites from a biopsy forceps. Lesions which are not located 
near a definitive landmark (cecum, ileocecal valve, rectum) 
and are likely to require colonic resection, should be marked 
with a submucosal (India ink) tattoo placed in all four quad-
rants of the colonic lume approximately 5 cm distal to the 
lesion.

Figure 5-8. Finding lumen in diverticulosis.
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Complications

While colonoscopy is an overall safe procedure, it is  invasive 
and adverse events do occur. The most common serious 
complication of diagnostic colonoscopy is perforation but 
the reported incidence of 0.03–0.7% and a mortality rate 
of 7–26% for patients who sustain a perforation.27–30 Other 
reported complications include abdominal distension, dehy-
dration, respiratory depression, vasovagal reaction, thrombo 
phlebitis, incarcerated hernia, splenic capsular tear and subcu-
taneous and/mediastinal emphysema and equipment failure.

In diagnostic colonoscopy, perforation may be instru-
mental (instrument, overtube, or accessory device), trac-
tion on a fixed segment of colon or over insufflation of a 
segment, especially a closed loop as may occur in patients 
with multiple strictures (inflammatory bowel disease) or as a 
consequence of prior radiation therapy and with hernia incar-
ceration. Impaction of the instrument in a diverticulum with 
overdistention of the latter has also been a cause of perfora-
tion. As one studies the types of complications reported, it 
becomes clear that adequate training and experience should 
decrease these adverse events to a minimum. Because of 
perforation related to the use of coagulation (“hot”) biopsy 
forceps and the low risk of bleeding from multiple forceps 
biopsies, there has been a falling off of usage of this instru-
ment despite the advantages of obtaining a good specimen 
and simultaneously achieving hemostasis. Perforation dur-
ing diagnostic colonoscopy tends to be detected earlier when 
it is from instrumental causes, whereas perforation from 
therapeutic procedures is frequently related to thermal injury 
and is often delayed. Indeed the management of perforation 
following colonoscopy is still controversial.31,32 While there 
is universal agreement that perforation with generalized peri-
tonitis suggests continuing contamination of the peritoneal 
cavity and therefore demands operation to halt the process, 
some feel that if the onset of symptoms is delayed and signs 
localized with a patient who is not septic (even with the dem-
onstration of pneumoperitoneum) that nonoperative manage-
ment may be undertaken. An uncommon presentation of a 

contained perforation may be the presence of retroperitoneal 
or mediastinal air and even subcutaneous emphysema which 
usually resolves without treatment.

Avoidance of perforation during diagnostic colonoscopy, 
related as it is to training, skill and experience may be best 
achieved by avoidance of dehydration and over sedation, 
discontinuation of the procedure if the preparation is poor, 
avoiding forceful instrument insertion, recognition of vul-
nerable bowel (inflammation, ischemia, narrowing, fixa-
tion); careful identification and avoidance of diverticular 
ostia, avoidance of bowing of the instrument, awareness of 
fixation from pelvic adhesions or tumor extending through 
and beyond the colon wall, insuring that abdominal and 
inguinal hernias remain reduced, avoiding over insuffla-
tion, and looping in the splenic flexure region. There should 
be constant identification of the location of the lumen with 
avoidance of “slide by” (sidewise passage of the instrument 
without direct visualization of the lumen). Colonoscopy dur-
ing acute bleeding is technically more difficult and should 
not be attempted if one has not had adequate experience with 
routine diagnostic colonoscopy.

If perforation occurs, early diagnosis will ensure more 
efficient management. Undue and sustained pain (especially 
shoulder discomfort), absence of liver dullness on percus-
sion, demonstration of pneumoperitoneum on upright chest 
film and subcutaneous emphysema, are all help in making the 
diagnosis. Signs and symptoms will in general be related to 
factors such as adequacy of bowel preparation, size of injury, 
and underlining pathologic state of the colon. For example, 
the ischemic colon or one involved with active colitis will 
be more vulnerable to instrumental injury. Surgical inter-
vention is favored by most surgeons for early recognized 
perforation at diagnostic colonoscopy. There are, however, 
some patients with either a delayed perforation or one that 
has remained localized without symptoms or signs of diffuse 
peritonitis. Nonoperative management but continuing obser-
vation of this subset of patients may be entirely satisfactory. 
With early surgical intervention of a mechanical perforation, 
if technically feasible, primary closure with or without pro-
tective proximal stoma is the most desirable and usually is 
feasible. However, the surgeon must use good judgment in 
assessment of such factors as adequacy of tissue perfusion, 
degree of spillage, and colon tissue free of inflammation.
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Radiology
Jaime L. Bohl and Alan E. Timmcke

The aim of this chapter is to discuss the radiology studies 
that are diagnostic and therapeutic adjuncts to the Colon 
and Rectal surgeon’s daily clinical practice. It is imperative 
that the Colon and Rectal surgeon use radiological studies 
as a way to narrow a differential diagnosis or treat a spe-
cific disease process. To achieve this goal, the surgeon must 
choose an appropriate radiological study based on the known 
strengths and limitations of each modality, the anticipated 
findings and the intended therapeutic outcomes.

Plain Films

The picture provided by plain films is the result of differential 
absorption of X-rays by various components of the abdomi-
nal wall, bony skeleton, and the intra-abdominal contents. 
In particular, it is the interface between organs with vary-
ing degrees of radiolucent fat and radio-opaque gas which 
overlay one another and produce diagnostic boundaries on 
the abdominal plain film. These interfaces delineate the liver 
edge, renal shadow, and psoas shadow and allow differentia-
tion of the stomach, small bowel, and colon.1

In order to extract the maximal amount of information 
from an abdominal plain film, the position of the patient, 
the number of views needed and the known sensitivity of 
this modality for various diagnoses should be considered. An 
abdominal plain film is referred to as a KUB (kidneys, ure-
ter, and bladder). An acute abdominal series is comprised of 
an upright chest, supine abdomen, and upright, decubitus or 
cross table lateral of the abdomen. The series of radiographs 
with the patient in various positions is meant to maximize 
the diagnostic yield of plain films. However, Mirvus et al. 
found that the upright abdominal view added little additional 
information and that the supine abdominal view in combi-
nation with the erect chest film identified 98% of imaging 
abnormalities.2 Whether two or three abdominal films are 
obtained is of secondary importance. The most important 
goal is to image the entire abdominal cavity and ensure that 
the diagnostic question is addressed.

The American College of Radiology suggests the use 
of abdominal plain films for certain symptoms or diseases 
which may be encountered by the Colon and Rectal surgeon 
(Table 6-1). It is important to remember that plain films are 
not a screening tool and when used as such may contribute to 
increased radiation exposure for little diagnostic yield. If the 
clinical scenario suggests a diagnoses which is better imaged 
with a different radiologic modality, the alternate imaging 
study should be used as the initial or only examination for 
that patient.3 As such, plain abdominal films are useful to the 
colon and rectal surgeon to identify foreign bodies, check 
the position of drains and catheters, evaluate changes or 
abnormalities in intestinal gas distribution and occasionally 
identify skeletal or mucosal changes associated with inflam-
matory bowel disease.

The most amount of information can be extracted from the 
abdominal plain film with a systematic diagnostic approach.4 
The first step is to identify abnormalities in the bony skel-
eton and abnormal intra-abdominal calcifications. This step 
rarely identifies a primary problem for the Colon and Rectal 
surgery patient but can diagnose secondary complications 
of a primary disease process. For example, plain films may 
provide information regarding the extraintestinal manifesta-
tions of IBD including sacroileitis, ankylosing spondylitis, 
and osteopenia secondary to chronic steroid use.5 The second 
step to plain film examination is the identification of cathe-
ter, drain and foreign body location, and position. While the 
confirmation of appropriate intravascular catheter or intra-
abdominal drain placement is self-evident, the evaluation of 
a rectal foreign body is not. Retained anal foreign bodies 
may migrate proximal to the anal sphincter as far up as the 
descending or sigmoid colon.6 If there is proximal migra-
tion, the object may change axial position, induce bowel wall 
edema and become entrapped by the curvature of the rectum 
and sacrum. Plain abdominal films not only document the 
proximal extent of the object but can determine the number, 
size, and shape of the foreign body (Figure 6-1A and B). 
These evaluations assist the clinician in determining a plan 
for successful removal.
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Additional steps for reading abdominal plain films 
depend on the determination of abdominal gas locations and 
 patterns.4 Gas collections may be extraperitoneal or intrap-
eritoneal. Extraperitoneal collections in the soft tissue of the 
abdominal wall may reflect a necrotizing infection or recent 
intervention such as surgical incision. Intraperitoneal air may 
be located outside the intestinal lumen (free air), within the 
wall of the bowel or within the confines of the bowel wall. 
Appropriate localization of abdominal gas collections along 
with clinical correlation assists the clinician in  distinguishing 
a benign condition from a surgical emergency.

Pneumoperitoneum or air outside the confines of the bowel 
wall is diagnostic of a perforated viscus and can be diagnosed 
with high sensitivity using an upright chest film.7 However, 
if the patient has peritonitis or is extremely ill and cannot sit 
upright, a left lateral decubitus film can be obtained. The left 
lateral decubitus film in the expiratory phase or the upright 
chest in the midinspiratory phase have a high sensitivity and 
can be diagnostic of as little as 1 cm3 of free intraperitoneal 
air.8 The left lateral decubitus film is preferred to the right, 
because it allows air movement between the liver and right 
hemidiaphragm where it is easily imaged and not confused 
with the gastric bubble. It is important to maintain the left 
lateral decubitus position for at least 5–10 min prior to imag-
ing in order to allow migration of air.9

Diagnostic signs of free intraperitoneal air have been 
widely recognized and described. Two signs that are most 
commonly present are right upper quadrant gas and Rigler’s 
sign (Figure 6-2A and B).10 A right upper quadrant gas sign 
is a triangular or linear gas collection which has an oblique 
(superomedial to inferolateral) orientation between the 
liver and right hemidiaphragm. Rigler’s sign, outlining of 
both the mucosal and serosal sides of the bowel wall with 
associated bowel wall thickening (1–8 mm) is also indica-
tive of free intraperitoneal air. Other less commonly seen 
diagnostic signs include the falciform ligament sign (a thin 
linear soft tissue density in the right upper quadrant caused 
by free intraperitoneal air lining both sides of the falciform 
ligament), the football sign (visualization of gas anterior to 

Figure 6-1. A Radiograph of rectal foreign body (anterior posterior). B Radiograph of rectal foreign body (lateral).

Table 6-1. Indications for abdominal radiography

Abdominal, flank, or pelvic pain
Vomiting
Abdominal distention, bloating, or increased girth
Evaluation for and follow-up of bowel obstruction or nonobstructive ileus
Constipation
Diarrhea
Palpable abdominal mass or organomegaly
Follow-up of the postoperative patient
Blunt or penetrating abdominal trauma
Search for foreign bodies
Assessment of the GI tract for residual contrast which can interfere with 

another imaging study
Evaluation of medical device position
Evaluation of pneumoperitoneum
Follow-up of contrast examinations of the gastrointestinal or urinary 

tracts
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loops of bowel within the central abdomen), and the inverted 
V sign (visualization of the medial umbilical folds in the 
pelvis). A diagnosis of free intraperitoneal air must always 
be correlated with the clinical condition of the patient. For 
instance, free intraperitoneal air can be a normal finding after 
surgery.11 Free air is typically reabsorbed over several days 
following surgery but reabsorption may be delayed in the 
recumbent or thin patient. Increasing amounts of air imaged 
over time or in association with increasing abdominal pain 
may be indicative of an anastomotic leak or intestinal perfo-
ration. In addition, various conditions may be mistaken for 
free air. Chilaiditi syndrome is the interposition of the colon 
between the liver and diaphragm and can mimic the finding 
of pneumoperitoneum on plain abdominal films.9

Extralumenal air may also be located within a loculated 
abscess cavity, within solid organs that do not typically con-
tain air, in the venous system or within the bowel wall. Portal 
venous air is peripherally located air which may have entered 
the portal venous system as a result of bowel ischemia and 
necrosis or a gas-producing bacteria. In contrast, pneumobilia 
or air within the biliary tract is centrally located and can result 
from a cholecystoduodenal fistula or from an endoscopic 
sphincterotomy. Finally, linear air within the bowel wall 
(pneumatosis intestinalis) may result from bowel ischemia 
and necrosis while cystic air collections within the bowel wall 
signify a benign condition called pneumatosis cystoides.11

Determination of intralumenal bowel gas patterns can help 
differentiate a small from large bowel obstruction or a bowel 
obstruction from a paralytic ileus. Bowel dilation is identified 

by the 3, 6, 9 rule. The small bowel is dilated when the diam-
eter is 3 cm, the colon when it reaches 6 cm and the cecum 
when it dilates to 9 cm.12 The small bowel can be differenti-
ated from the colon by valvulae conniventes which cross the 
entire bowel loop and are more narrowly spaced compared to 
the haustra of the colon which are thicker, further apart, and 
only extend halfway across the colon diameter. In addition, 
dilated small bowel loops may form a stepladder appearance 
when dilated from obstruction (Figure 6-3). The valvulae 
conniventes may trap air between them as the obstructed 
small bowel fills with fluid giving a string of beads appear-
ance. This finding is sensitive for a high-grade small bowel 
obstruction (SBO).4 However, other signs of obstruction can 
be misleading. Air-fluid levels may be indicative of a SBO, 
gastroenteritis, or paralytic ileus. Ileus may be differentiated 
from obstruction by air found throughout the small bowel 
and colon (Figure 6-4). In contrast, a completely obstructed 
bowel may be void of air distal to the obstruction. In a partial 
or early bowel obstruction, distal air evacuation may not be 
present and the distinction between ileus and obstruction is 
impossible.13

Large bowel obstructions clinically appear like a distal  
SBO. On plain abdominal films the colon alone may be 
dilated if the ileocecal valve is competent (Figure 6-5). This 
causes the cecum to dilate. Acute cecal dilation beyond 
12 cm places the patient at risk of perforation. In the setting 
of an incompetent ileocecal valve, air refluxes proximally 
into the small bowel which can make it difficult to distin-
guish between a paralytic ileus or distal bowel obstruction 

Figure 6-2. A Upright radiograph of the abdomen demonstrates a collection of air within the peritoneal space between the liver and the 
diaphragm. B Plain radiograph demonstrates the “Rigler” sign or “double lumen” sign (gas on both sides of the bowel wall).
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(Figure 6-6).4 Volvulus in the cecum or sigmoid gives rise to 
a closed loop obstruction within the colon and can result in 
characteristic findings on abdominal plain films. The classic 
finding of a sigmoid volvulus is a U-shaped loop of colon 
projected toward the right upper quadrant in the shape of 
a “bent inner tube.” In the middle of the sigmoid loop the 
medial walls of the obstructed sigmoid colon point into the 
pelvis ( Figure 6-7). These findings are also associated with a 
dilated colon and small bowel proximal to the sigmoid. Cecal 
volvulus is characterized by a dilated cecum in the left upper 
quadrant with a “coffee bean” or “kidney” shape because of 
the medially placed ileocecal valve (Figure 6-8).14,15

Finally, the abdominal radiograph can reveal changes in 
mucosal contour and thickness. Normal bowel wall thick-
ness is less than 2 mm. However, various forms of colitis 
may give rise to bowel wall thickening and mucosal irregu-
larity. Thumbprinting is a radiographic sign that signifies 
bowel wall and mucosal edema, and in the setting of colon 
dilation may signify the presence of toxic megacolon with 
risk of impending perforation. Chronic mucosal inflamma-
tion may lead to haustral blunting and a tubular burned out 
colon from longstanding colitis (Figure 6-9).4,5

Abdominal plain films can yield a large amount of infor-
mation if used in the appropriate clinical setting. In addition, 
they are inexpensive and can be performed at the patient’s 
bedside. However, abdominal plain films are insensitive 
and other imaging modalities may be needed for definitive 
diagnosis.Figure 6-4. Small bowel obstruction air-fluid levels.

Figure 6-3. Plain film of small bowel obstruction with dilated 
small bowel loops, forming a stepladder.

Figure 6-5. Large bowel obstruction secondary to sigmoid cancer. 
Competent ICV.



Figure 6-6. Large bowel obstruction secondary to sigmoid cancer. 
Incompetent ICV.

Figure 6-7. Plain film of sigmoid volvulus.

Figure 6-8. Plain film of cecal volvulus.

Figure 6-9. Plain film of chronic burned out colitis.
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Contrast Studies

Contrast Enemas

Contrast enemas can be performed as a single contrast or 
double contrast enema. The single contrast enema is per-
formed by filling the colon and rectum with barium or a 
water-soluble agent through a rectal catheter. In double 
contrast enemas or air contrast enemas, barium is instilled 
into the colon and rectum until the mid-transverse colon is 
reached. The colon is then drained of excess barium and air 
is instilled to allow lumenal distention and prevent mucosal 
wall apposition. The radiologist can then change the position 
of the patient and use fluoroscopic guidance to obtain images 
of the colonic and rectal mucosa throughout its length and 
in multiple projections without overlap. The double contrast 
provides mucosal coating and detail that cannot be seen in 
single contrast studies. Careful technique with mucosal coat-
ing, adequate distention, and numerous projections allow 
discrimination of mucosal abnormalities with the double 
contrast enema.16

The limitations of a contrast enema need to be considered 
prior to subjecting the patient to this study. In order to visual-
ize the mucosa, the patient must undergo a complete bowel 
preparation. If a patient does not have mobility to change 
position on the fluoroscopy table or does not have enough 
rectal tone to hold the contrast enema, the mucosal coating 
and projections obtained will be of limited diagnostic value. 
An incompetent ileocecal valve may allow reflux of con-
trast into the small bowel and further obscure colonic find-
ings. The rectal catheter may obscure the distal rectum so 
that internal hemorrhoids or a distal rectal cancer cannot be 
appropriately discriminated.17 Finally, there is a risk of per-
foration as a result of this study. Because barium causes an 
intense inflammatory response within the peritoneal cavity, 
in clinical situations for which intestinal continuity is in ques-
tion or when the bowel wall may be weakened, a water-sol-
uble contrast agent should be used. These scenarios include 
question of anastomotic integrity, evaluation of a large bowel 
obstruction, acute colitis, recent snare or forceps biopsy of 
the colon wall, and suspicion of colonic fistulas.18 In com-
parison to barium studies, water-soluble enemas do not coat 
the mucosa and do not discriminate mucosal changes.

The double contrast technique can be used to detect 
mucosal disease in an elective setting. This includes the eval-
uation of colonic polyps and cancer, inflammatory bowel 
disease, diverticulosis and other mural abnormalities like 
lipomas, lymphoma, and endometriosis.

The most common reason for a double contrast enema is 
for colon and rectal cancer screening. Sensitivity of the study 
depends on the size of the lesion in addition to the coating, 
distention, and projection of the colon mucosa mentioned ear-
lier. Polyps may be seen as a filling defect if imaged in a pud-
dle of barium or may be outlined as sessile or  pedunculated 
projections into the colon lumen (Figure 6-10). The double 
contrast enema has a sensitivity of 50% for  polyps and cancer 

less than 1 cm in size, and 90% sensitivity for those greater 
than 1 cm.19,20 Increasing size, ulceration, and circumferential 
involvement increase the possibility that a polyp has an under-
lying malignancy. Semiannular lesions, which are seen on 
contrast enema with abrupt transition from normal to irregular 
mucosal patterns, shelf-like overhanging borders, and circum-
ferential bowel narrowing, are characteristic of an apple core 
lesion and are diagnostic of cancer (Figure 6-11). In compari-
son, benign strictures from ischemic, infectious, or inflamma-
tory etiologies have smooth tapering borders.21 Overall, double 
contrast barium enema has a positive predictive value of 96% 
for a malignant stricture and 84–88% for a benign stricture.22 
Double contrast barium enema has been recommended as one 
screening modality for patients greater than 50 years of age at 
average risk of colon and rectal cancer.

Double contrast barium enema can also be diagnostic in 
the setting of inflammatory bowel disease. It can be used to 
differentiate Crohn’s disease from ulcerative colitis, define 
the extent and severity of disease burden as well as visualize 
complications of the disease. In acute ulcerative colitis the 
mucosa appears stippled with shallow punctuate ulceration 
(Figure 6-12A). As the inflammation progresses the ulcers 
enlarge as crypt abscess rupture and expose the  submucosa 
leading to pseudopolyps, which appear as irregular mucosal 
projections on the contrast enema (Figure 6-12B). Eventually, 
there is loss of mucosal detail and haustral folds which cause 

Figure 6-10. ACE of polyp or early cancer.
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a tubular or lead pipe appearance of the colon (Figure 6-13). 
Strictures from ulcerative colitis appear as smooth, symmetric, 
and circumferential colonic narrowing.23 In Crohn’s disease, 
the mucosal changes are not continuous and are deeper than 
the changes seen in ulcerative colitis. Early aphthous ulcers 
appear as shallow depressions with a radiolucent halo (Fig-
ure 6-14A). As Crohn’s disease progresses the ulcers widen 
and coalesce as the muscle in the bowel wall is penetrated. 
This leads to cobblestoning which appears as irregular white 
stripes within the colon wall on contrast enema (Figure 6-14B). 
Deep linear ulceration along the mesenteric border causes 
“rake” or “bear claw” ulcers that can cause stricturing from 
transmural fibrosis. Strictures from Crohn’s disease appear 
as noncircumferential, irregular areas of narrowing that are 
centered at the mesenteric edge (Figure 6-15).24,25 Complica-
tions of Crohn’s disease such as strictures and fistulas are well 
imaged with the double contrast barium technique. In con-
trast, other complications of inflammatory bowel disease are 
not easily diagnosed with enema studies. In both ulcerative 
colitis and Crohn’s disease it is difficult to distinguish inflam-
matory polyps from dysplasia or cancer.26

Diverticular disease can also be well characterized with 
contrast enemas. The size, shape, number, and location of 
diverticuli are well imaged. In profile, diverticuli appear 
flask shaped with a neck, which points away from the 
colonic lumen. En face diverticuli appear as a white spot or 
meniscus within the colon lumen (Figure 6-16). With acute 

diverticular inflammation, secondary signs of inflamma-
tion such as narrowing of the colon lumen from extrinsic 
 compression and mucosal edema are evident. Complications 

Figure 6-11. ACE of annular cancer and “apple core sign.”

Figure 6-12. A Contrast enema of ulcerative colitis showing stip-
pling ulcers or early colitis. B Contrast enema of ulcerative colitis 
with pseudopolyps.
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of  diverticulitis can also be seen. Diverticular perforation 
results in leaking of extralumenal contrast into the peritoneal 
cavity, a contained cavity or a blind sinus that drains back 
into the colon lumen. Strictures appear as smooth transitions 
in colon caliber with intact mucosa. Abscesses are suggested 
by a smooth contour defect within the colon lumen which 
does not distend with additional air or contrast instillation. 
Fistulae between proximal intestinal loops, the vagina, and 
bladder may also be seen. Barium contrast enema is safe to 
perform with active diverticular inflammation in the absence 
of peritonitis. However, the sensitivity of the contrast enema 
is low and may not be diagnostic in a patient with compli-
cated diverticulitis.27

Double contrast enemas may also reveal colonic lipo-
mas, endometriosis, and lymphoma. Lipomas are seen as a 
submucosal mass or polypoid lesion with smooth  overlying 
mucosa. The soft pliable nature of the lipoma may be imaged 
in real time as the barium and air are instilled and show 
compression of the mass known as the “pillow sign.” Endo-
metriosis appears as an extracolonic process with intact but 

Figure 6-13. Contrast enema of chronic ulcerative colitis.

Figure 6-14. A Contrast enema of Crohn’s disease showing 
ulcers. B Contrast enema of Crohn’s with fissures and long linear 
ulcers.
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bunched up mucosal folds that result in luminal  narrowing 
and in extreme cases scarring and lumenal contracture (Fig-
ure 6-17). Lymphoma appears different from adenocarci-
noma on a double contrast enema. In contrast, lymphoma 
does not narrow the lumen but causes folding and thicken-
ing of the mucosa from bowel wall infiltration. The mucosa 
maintains a smooth appearance (Figure 6-18). All these find-
ings on double contrast enema while suggestive of a specific 
diagnosis, require correlation with clinical information to be 
diagnostic of the condition.28,29

Water-soluble enemas do not result in the same mucosal 
coating and colonic distention that can be achieved with 
double contrast enemas. However, water-soluble contrast 
is not toxic to the peritoneal lining and can therefore be 
used in clinical situations in which bowel integrity may be 
compromised. This includes clinical situations suspicious 
for colonic obstruction caused by cancer, acute episodes of 
inflammatory bowel disease, intussusception, volvulus, and 
fecal impaction. Water-soluble enemas may also be used for 
evaluation of anastomotic integrity. Colonic intussusception 
occurs when a portion of proximal colon or ileum telescopes 
into the lumen of distal colon. A water-soluble contrast 

enema demonstrates a spring coil appearance or crescent 
sign as contrast gets trapped between the lumens of the two 
bowel segments and leaves a thin circular line that outlines 

Figure 6-15. Contrast enema of Crohn’s disease showing a  stricture.

Figure 6-16. Barium enema demonstrates a deformed colon wall 
with diverticular sacs. (From Blanchard TJ, Altmeyer WB, Mat-
thews CC. Limitations of colorectal imaging studies. In: Whitlow 
CB, Beck DE, Margolin DA, Hicks TC, Timmcke AE, editors. 
Improved outcomes in colon and rectal surgery. London: Informa 
Healthcare; 2010. p. 97–131. With permission).

Figure 6-17. Contrast enema showing endometriosis.
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the proximal bowel in the distal bowel lumen (Figure 6-19). 
While barium, air, and water-soluble enemas have been used 
to hydrostatically decompress an intussusception, this is 
not typically attempted in the older child or adult because 
the cause is usually a pathologic lead point.30 Water-soluble 
enemas can be used to diagnose and occasionally sponta-
neously decompress a colonic volvulus. Sigmoid volvulus 
appears as a “bird’s beak” as the mucosal folds spiral into 
the point of obstruction.31 In cecal volvulus there is abrupt 
contrast cutoff distal to the torsed colonic segment with a 
dilated ectopic cecum. This is known as the “column cutoff 
sign” (Figure 6-20). In the setting of fecal impaction, water-
soluble contrast is instilled up to the site of obstruction under 
fluoroscopic guidance. The high osmolality of the substance 
allows it to emulsify stool and release impacted stool into 
smaller pieces that can be passed per anus.32 Water-soluble 
enemas are also useful prior to takedown of a diverting stoma, 
when a colonic stenosis is suspected or in the early postoper-
ative period when a leak is suspected (Figure 6-21A and B). 
Views of the colon should be obtained in the anteroposterior 
and lateral views during early luminal filling, full colonic 
distention and after evacuation of contrast. Multiple colon 
projections with varying degrees of contrast distention allow 
for the diagnosis of subtle leaks that may be obscured by 
full colonic distention with contrast.16 Overall,  water-soluble 
enemas may not have the same diagnostic sensitivity as a 

double contrast barium enema but they remain useful in the 
diagnosis and treatment of colon and rectal disease.

Small Bowel Series and Enteroclysis

The small bowel can be imaged using several methods. To 
obtain a small bowel series, a patient drinks a large volume 
of dilute barium and contrast is followed as it advances 
through the small bowel with fluoroscopy images taken 
every 15 min. In order to improve visualization of small 
bowel loops, abdominal pressure and compression can be 
used to flatten bowel loops and decrease small bowel loop 
overlap. Transit of contrast through the small bowel nor-
mally takes 90–120 min. In comparison, small bowel entero-
clysis is a more labor and time intensive method for imaging 
the small bowel. The patient must undergo colonic cleansing 
to decrease both the time needed for contrast to reach the 
terminal ileum as well as the amount of contrast needed to 
fill the small bowel.25 With this method, two contrast agents 
are instilled into the duodenum at separate points in time 
through a tube inserted through the nose and advanced into 
the proximal duodenum. The rate of contrast instillation is 
modified according to the amount of small bowel distention 
achieved and patient tolerance. Administration of barium 
in addition to air or methylcellulose allows the barium to 
act as an interface with the small bowel mucosa for detec-
tion of mucosal lesions or subtle mucosal changes. Serial 
images are obtained with enteroclysis as is done with small 
bowel series. In comparison to small bowel series, small 

Figure 6-18. Contrast enema showing colonic lymphoma.

Figure 6-19. Contrast enema showing colonic intussusception.



876. Radiology

bowel enteroclysis requires placement of a nasogastric tube, 
high radiation doses (up to 21 mSv), and administration of 
a hyperosmotic contrast agent.33 Overall, fluoroscopy is a 
time and labor-intensive method of obtaining radiographic 
images of the small bowel.

Small bowel imaging is typically useful for patients with 
unexplained gastrointestinal bleeding, suspected small bowel 
tumors, Crohn’s disease, and partial SBOs. For patients with 
Crohn’s disease, the severity and distribution of disease can 
be determined (Figure 6-22A and B). In addition, the site of 
small bowel complications such a fistula and stricture can be 
located. For patients with suspected SBOs, dilute barium can 
be used to image the small bowel when there is unclear etiol-
ogy of the obstruction or when localization of the obstructing 
point is important. Unlike the colon, barium does not become 
inspissated in the small bowel while hypertonic water-soluble 
contrast agents may exacerbate lumenal distention already 
present in SBO.34 In all, the small bowel contributes a large 

amount of mucosal surface and length to be studied. Small 
bowel radiography should be undertaken only after ruling out 
other parts of the intestine as the cause of the patient’s symp-
toms or for specific diagnoses that affect the small bowel.

Figure 6-20. Water-soluble contrast enema showing cecal volvulus. 
(From Blanchard TJ, Altmeyer WB, Matthews CC. Limitations of 
colorectal imaging studies. In: Whitlow CB, Beck DE, Margolin 
DA, Hicks TC, Timmcke AE, editors. Improved outcomes in colon 
and rectal surgery. London: Informa Healthcare; 2010. p. 97–131. 
With permission).

Figure 6-21. A Contrast enema showing a contained anastomotic 
leak. B Contrast enema showing a free-flowing leak.
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Computed Tomography

Computed tomography (CT) has become a routine 
 examination to evaluate a wide range of disease processes, 
because it is an easy, fast, and accurate test. CT provides 
detailed and high-resolution cross-sectional images of hol-
low viscous and solid organs. Accurate interpretation requires 
optimal opacification of the gastrointestinal tract and vas-
cular structures. The bowel is opacified by administering 
a water-soluble oral contrast agent. The density of barium 
interferes with the acquisition of data during the scan and 
thus should be avoided as a contrast agent. The oral contrast 
is typically administered 45–60 min before scanning to allow 

the contrast to opacify as much of the bowel as possible. 
If pelvic or rectal pathology is being evaluated, the contrast 
may also be administered per rectum at the time the scan is 
being performed. Intravenous (IV) contrast agents typically 
are iodinated so it is important to take a thorough history of 
allergies. Anaphylactic reaction to the iodinated contrast is a 
contraindication for administration but simple allergies such 
as hives can be prevented with steroids and diphenhydramine. 
Iodinated contrast is administered as a bolus at the time of 
the examination. The reason for the examination dictates the 
exact timing between when the contrast is administered and 
when the CT images are acquired (i.e., venous vs. arterial 
phase). The CT scan uses ionizing radiation to acquire the 
images with 5- to 10-mm collimation. Smaller collimation 
allows for sharper, more detailed images. Radiation expo-
sure to the patient varies depending on protocol design and 
the type of CT scanner used. However, the average radiation 
dose for a multidetector CT of the abdomen and pelvis is 
13.3 mSv and for a CT of the chest is 6.8.35 CT is sensitive 
for the staging of colon and rectal cancer and diagnosis of 
inflammatory and infectious conditions of the colon, bowel 
obstruction, and postoperative complications.

Colon and Rectal Cancer

CT of the abdomen and pelvis is useful for the initial staging 
of colon and rectal cancer. CT assists the surgeon in deter-
mining the location of the primary tumor, involvement of 
adjacent organs, enlargement of regional lymph nodes and 
the presence of distant (liver) metastases. Colon and rectal 
cancer primary lesions may appear as an exophytic mass 
within the colon lumen or as an apple core lesion with irreg-
ular circumferential bowel wall narrowing (Figure 6-23).36 
CT accuracy for predicting tumoral extension beyond the 
muscularis propria can be as high as 70–82%37; however, 

Figure 6-22. A Small bowel series showing terminal ileum Crohn’s 
disease strictures. B Small bowel follow through showing cob-
blestoning.

Figure 6-23. CT scan showing colon cancer primary lesion and 
adenopathy.
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inaccuracies result from the inability to distinguish gross 
tumor extension from peritumoral desmoplastic reaction 
(Figure 6-24). CT is also advantageous for determining adja-
cent organ involvement which will require more extensive 
en bloc resection of the tumor. Adjacent organ involvement 
may include the peritoneum, duodenum, stomach, vagina, 
bladder, and abdominal wall.38 Lymph nodes are considered 
pathologic if they are >1 cm in size on CT scan. Accuracy in 
detecting lymph node involvement can be limited by normal 
size of tumor bearing nodes and enlargement of lymph nodes 
in the peritumoral region without nodal metastases.39,40 Over-
all, preoperative CT scans can assist the surgeon in determin-
ing local tumor extension.

CT scan is an accurate imaging modality for the detec-
tion of hepatic metastases as well as hepatic recurrence of 
colon and rectal cancer. CT images are typically obtained 
in two phases: the hepatic artery phase (20–25 s after the 
IV contrast is infused) and the portal venous phase (65–70 s 
after the IV contrast is infused). Colon and rectal metastases 
are supplied by the hepatic artery while most of the liver 
parenchyma is supplied by the portal vein. Therefore, during 
a portal venous phase CT, colon and rectal liver metastases 
appear as solid hypodense lesions that do not have dynamic 
enhancement changes (Figure 6-25).41 These characteris-
tics allow hepatic metastases to be differentiated from fluid 
filled hepatic cysts, hemangiomas, and hypervascular liver 
malignancies. Preoperative CT scan is 85% sensitive for 
colon and rectal hepatic metastases.42 Because liver lesions 
that are <1 cm in size do not demonstrate contrast-enhancing 

 properties, they are labeled as indeterminate lesions. Follow-
up studies of patients with colon and rectal cancer and inde-
terminate liver lesions show that up to 11% of indeterminate 
lesions on initial CT may progress on subsequent imaging 
and, therefore, represent early metastases.43

CT scan is a recommended part of some surveillance pro-
grams for colon and rectal cancer patients in order to detect 
recurrence. Although surveillance programs have not been 
shown to improve overall survival, intense follow-up has 
been shown to improve postrecurrence survival.44 CT scan, 
along with carcinoembryonic antigen levels, chest X-ray, 
and colonoscopy, has been shown to detect asymptomatic 
recurrence.45 Recurrence of colon and rectal cancer on CT 
scan is demonstrated by interval enlargement of soft tissue 
masses, enlarging lymph nodes, and invasion of adjacent 
organs (Figure 6-26). New metastases may also be visualized 
within the liver. Because evidence is lacking that routine CT 
scan after colon and rectal cancer resection improves overall 
survival, the ASCRS practice parameters do not recommend 
routine abdominal imaging as part of a cancer surveillance 
program.46

Other Tumors of the Colon

CT remains the imaging study of choice for detection of 
benign and malignant tumors of the colon other than ade-
noma and adenocarcinoma. Metastases to the colon can be 
seen on contrast-enhanced CT, if they are large enough; but 
CT cannot differentiate primary tumor from metastasis.47 
One of the most common benign colonic tumors is a lipoma. 
Lipomas can be easily diagnosed by demonstrating a 2–3 cm, 
round or ovoid, sharply defined tumor with homogenous fat 
density.

Figure 6-24. CT showing a large colonic mass in the descend-
ing colon that narrows the lumen. CT cannot differentiate tumor 
extension through the wall from pericolonic edema or desmoplas-
tic reaction. (From Blanchard TJ, Altmeyer WB, Matthews CC. 
Limitations of colorectal imaging studies. In: Whitlow CB, Beck 
DE, Margolin DA, Hicks TC, Timmcke AE, editors. Improved out-
comes in colon and rectal surgery. London: Informa Healthcare; 
2010. p. 97–131. With permission).

Figure 6-25. CT scan showing liver metastasis.
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Colonic lymphoma usually appears as either a marked 
thickening of the bowel wall that often exceeds 4 cm, or a 
homogeneous soft tissue mass without calcification. Lym-
phoma characteristically causes much larger soft tissue 
masses than adenocarcinoma. Owing to the softness of the 
tumor, the lumen is commonly dilated or normal, rather 
than constricted, and bowel obstruction is uncommon. The 
absence of desmoplastic reaction and diffuse lymphade-
nopathy help to differentiate lymphoma from adenocarci-
noma.48,49

Gastrointestinal stroma tumors (GIST) can be benign or 
malignant and cannot be differentiated on cross-sectional 
imaging without distant metastases to the liver or perito-
neum.50 GISTs can appear as an exophytic or intralumi-
nal mass, and size varies from few millimeters to 30 cm 
( Figure 6-27). Cystic degeneration, hemorrhage, and necro-
sis are common in large lesions with calcification rarely 
noted. The tumor cavity may communicate with the colon 
lumen and contain air or oral contrast. Sarcomas that arise 
in the bowel, anorectum, or omentum are indistinguishable 
from malignant GIST.50 Tissue types include leiomyosar-
coma, fibrosarcoma, and liposarcoma.

Diverticulitis

CT scan is the most accurate imaging modality for the diag-
nosis of diverticulitis and its complications. CT findings of 
diverticulitis include soft tissue stranding of the pericolonic 
fat, diverticula, colon wall thickening, and abscess forma-
tion.51 Normally, the colon mesentery and pericolonic tissues 
are hypodense secondary to the high water content of fatty 

tissue. This creates sharp boundaries between the colon, 
colonic mesentery, and adjacent organs. As the inflamma-
tory process develops, the mesentery becomes edematous 
and hypervascular. The sharp contrast between tissue planes 
is obscured resulting in so-called dirty fat. When the mesen-
teric and pericolonic inflammation is associated with colon 
wall thickening within the sigmoid mesentery, the diagnosis 
is diverticulitis (Figure 6-28). The inflammatory process can 
be extensive with an associated phlegmon but no organized 
abscess. Depending on the size of diverticular perforation, 
there may be small flecks of extraluminal air within the 
mesentery or in the upper abdomen above the liver.52 The 
identification of diverticula within the colon is not manda-
tory for the CT diagnosis of diverticulitis. Overall, the CT 
diagnosis of diverticulitis is based on a thickened short seg-
ment of colon with surrounding pericolonic inflammation.

CT scans are also useful for the diagnosis of complicated 
diverticulitis. Pericolonic abscesses are fluid collections 
adjacent to the inflamed colon (Figure 6-29). Abscesses are 
best visualized when surrounding loops of bowel are opaci-
fied with oral or rectal contrast and the rim of the abscess is 
enhanced with intravenous contrast. A colovesicular fistula, 
an abnormal connection between the colon and bladder, can 
be diagnosed in several ways. Air within the bladder without 
previous catheterization is diagnostic (Figure 6-30). In addi-
tion, thickening of the bladder wall with adjacent inflamed 
sigmoid colon can be suggestive of bladder involvement. If 
the fistula is large enough, enteral contrast may enter the 
bladder via the intestinal segment.53 In all, CT is able to diag-
nose diverticulitis and its complications with a high degree 
of accuracy.

Figure 6-26. CT showing thickening of the peritoneal surfaces, 
ascites, and two large peritoneal nodules in a patient with colon can-
cer. (From Blanchard TJ, Altmeyer WB, Matthews CC. Limitations 
of colorectal imaging studies. In: Whitlow CB, Beck DE, Margolin 
DA, Hicks TC, Timmcke AE, editors. Improved outcomes in colon 
and rectal surgery. London: Informa Healthcare; 2010. p. 97–131. 
With permission).

Figure 6-27. CT showing a large heterogenous exophytic mass with 
cystic degeneration and necrosis that communicates with the lumen 
of adjacent colon and small bowel. (From Blanchard TJ, Altmeyer 
WB, Matthews CC. Limitations of colorectal imaging studies. In: 
Whitlow CB, Beck DE, Margolin DA, Hicks TC, Timmcke AE, 
editors. Improved outcomes in colon and rectal surgery. London: 
Informa Healthcare; 2010. p. 97–131. With permission).
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The most important diagnostic determination is to 
 distinguish diverticulitis from colon cancer. Certain CT fea-
tures may suggest one diagnosis over another. Diverticulitis 
is more likely to involve a longer colonic segment (>5 cm), 
cause pericolonic inflammation, perivascular engorgement 
and fluid at the root of the mesentery.51 Conversely, colon 
cancer is more likely to be associated with an intralumi-
nal mass, asymmetric wall thickening, and enlarged lymph 
nodes.54 Regardless, a mucosal examination of the affected 
colon segment should be performed after resolution of the 
inflammatory changes to make a definitive diagnosis.

Inflammatory Bowel Disease

Crohn’s Disease

CT scan is useful for both the diagnosis of Crohn’s disease 
and evaluation of established Crohn’s disease. The most 

common findings associated with Crohn’s disease are bowel 
wall thickening, peri-intestinal inflammation, and regional 
lymphadenopathy. The bowel wall can reach 11–13 mm in 
thickness, which can be either symmetric or asymmetric. 
The halo sign, which is a low-attenuation ring caused by 
submucosal deposition of fat between the enhancing mucosa 
and bowel musculature, is a common finding associated 
with Crohn’s disease. The transmural nature of the inflam-
matory process allows it to extend into the mesentery and 
adjacent structures so there is often an extensive inflamma-
tory response centered on the affected bowel (Figure 6-31A 
and B).55 The presence of creeping fat or fat proliferation 
within the mesentery separates bowel loops. This can give 
a characteristic appearance of a predominance of fat and 
inflammation on one side of the abdomen and a shift of 
unaffected, healthy bowel on the other side of the abdomen. 
Complications of Crohn’s disease may also be seen on CT 
scan and include abscesses within mesentery, bowel loops, 
psoas muscle, pelvis, and abdominal wall (Figure 6-32). Fis-
tulae between bowel loops, the abdominal wall, vagina, and 
bladder may also be seen on CT. Finally, intestinal strictures 
with homogenous enhancement from chronic inflammation 
and fibrosis may also be seen on CT.56,57 Overall, CT is use-
ful for delineating the extent and severity of Crohn’s disease 
and its complications.

Ulcerative Colitis

Like Crohn’s disease, ulcerative colitis is characterized by 
thickening of the colon wall on CT scan. However, ulcer-
ative colitis is not a transmural disease and, therefore, results 
in a lesser degree of bowel wall thickening (7–8 mm) in 
comparison to Crohn’s disease (10–20 mm). In addition, 
bowel wall thickening in ulcerative colitis is circumferential 
while Crohn’s disease may cause eccentric wall thickening. 

Figure 6-28. CT showing uncomplicated diverticulitis.

Figure 6-29. CT showing a diverticular abscess.

Figure 6-30. CT demonstrating a colovesical fistula.
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In ulcerative colitis, inflammatory changes extend from the 
rectum proximally and are continuous (Figure 6-33). Crohn’s 
disease typically affects the terminal ileum and proximal 
colon, but any area of the intestinal length can be involved 
with intervening segments of normal bowel (i.e., “skip 
lesions”). Although ulcerative colitis can cause luminal nar-
rowing of the colon from pseudopolyps, the outer bowel wall 
tends to remain smooth. In contrast, bowel that is affected by 
Crohn’s disease can be irregular on both the inner and outer 
bowel wall lining. Finally, ulcerative colitis is not typically 
associated with abscesses and fistulae. By identifying pat-
terns of bowel involvement, a distinction between Crohn’s 
disease and ulcerative colitis can usually be made with CT 
scan.55,58,59

Other Colitides

Colitis is characterized by colonic wall thickening and may 
be indicative of an infectious, inflammatory or ischemic pro-
cess. Colonoscopic evaluation can confirm the underlying 
disease process as infectious (15%), inflammatory (9%), isch-
emic (36%), or malignant (7%).60 However, just as  patterns of 
involvement can differentiate Crohn’s disease from  ulcerative Figure 6-32. CT showing a psoas abscess related to Crohn’s  disease.

Figure 6-33. CT with coronal reformatting showing wall thicken-
ing and marked irregularity of the mucosa in the ascending and 
descending colon consistent with ulcerative colitis. (From Blanchard 
TJ, Altmeyer WB, Matthews CC. Limitations of colorectal imag ing 
Studies. In: Whitlow CB, Beck DE, Margolin DA, Hicks TC,  
Timmcke AE, editors. Improved outcomes in colon and rectal surgery. 
London: Informa Healthcare; 2010. p. 97–131. With permission).Figure 6-31. A CT showing terminal ileum Crohn’s disease with 

abscess. B CT showing Crohn’s colitis.
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colitis, they can also be used to  differentiate the various 
causes of bowel wall thickening. In addition, the clinical pre-
sentation of various types of colitis differ, so combining the 
presenting signs and symptoms with the distribution of CT 
findings will usually lead to the correct diagnosis.

Neutropenic enterocolitis or typhlitis typically occurs in 
patients who are neutropenic either from cytotoxic chemo-
therapy or severe immunosuppression. The terminal ileum, 
cecum, and right colon are most frequently affected. CT is 
the study of choice for the diagnosis. Circumferential thick-
ening of the terminal ileum, cecum, and variably the right 
colon are the common CT findings consistent with typhli-
tis (Figure 6-34). The bowel wall may become so thickened 
because of edema that a hypodense ring develops between 
the mucosa and musculature. Complications such as pneu-
matosis or perforation can also be detected.61

Ischemic colitis is the most common vascular abnormality 
of the colon. Presenting symptoms include abdominal pain 
associated with bloody diarrhea. The age of the patient and 
onset of symptoms will help to differentiate between IBD, 
infectious colitis, and ischemic colitis. Endoscopy is the gold 
standard for diagnosing ischemic colitis. CT is much more 
readily available so it is often the first test ordered. The coli-
tis may be segmental or diffuse, typically occurring in the 
watershed areas of the right colon, splenic flexure, and recto-
sigmoid. CT findings consist of thickened, edematous colon 
in these areas (Figure 6-35). The typical “thumbprinting” 
in the colonic mucosa can be seen on CT scan as well as plain 
films. There may be a halo sign of either low attenuation 
caused by edema or high attenuation caused by hemorrhage 
within the bowel wall. A pericolonic inflammatory response 
is often present as well. Thrombus within the colonic mesen-
teric vessels may also be seen. Finally, pneumatosis or portal 
venous gas may be present indicating bowel infarction.

Pseudomembranous colitis resulting from the  toxins 
 produced by Clostridium difficile can cause profound inflam-
mation of the colon. Computed tomographic findings include 
nonspecific thickening and edema of the colon and perico-
lonic inflammation. Generally, the edema and thickening of 
the colon is greater than that seen with infectious colitis or 
other inflammatory processes. The presence of pancolitis 
also tends to suggest pseudomembranous colitis vs. other 
colitides (Figure 6-36). Once again, the CT results must be 
interpreted in the clinical context of the patient.

Small Bowel Obstruction

SBO is a clinical diagnosis based on the signs, symptoms, 
and clinical condition of the patient. Radiologic studies are 
obtained to confirm the clinical diagnosis. The use of CT in 
the evaluation of an SBO is expanding and in many cases 
can eliminate delays in diagnosis. CT has the advantages Figure 6-34. CT showing neutropenic enterocolitis.

Figure 6-35. CT showing of ischemic colitis.

Figure 6-36. CT showing pseudomembranous colitis.
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of being able to identify the site of obstruction, cause of 
obstruction, and it can provide information regarding vas-
cular compromise of the bowel. Indications when a CT scan 
is particularly helpful include (1) a patient with no prior sur-
gery, (2) a patient with equivocal plain films and an uncer-
tain diagnosis, and (3) a patient with known intra-abdominal 
pathology such as Crohn’s disease or cancer.62

Oral contrast is not always necessary and should be 
avoided in patients with a high-grade or complete bowel 
obstruction. The intraluminal fluid often distends the bowel 
and acts as a natural contrast agent. The low-density intesti-
nal fluid also augments the enhancement of the bowel wall 
after the administration of IV contrast, which can provide 
information regarding the flow of blood of the bowel.

The CT diagnostic criteria of a SBO are based on the 
presence of dilated proximal small bowel (>2.5 cm) and col-
lapsed distal bowel. When a transition between dilated and 
collapsed bowel is identified, then the diagnosis is confirmed 
(Figure 6-37). When a transition point is not identified, it is 
difficult to distinguish between an SBO and adynamic ileus. 
In such cases, one must search for other clues to differentiate 
the processes. For example, the presence of “small bowel 
feces,” which are gas bubbles mixed within particulate mat-
ter and located in the dilated bowel, is a reliable indicator 
of a SBO. The presence of other intra-abdominal pathology, 
particularly inflammatory processes, would generally indi-
cate an adynamic ileus. This is a case in which oral contrast 
may be particularly helpful because if contrast reaches the 
colon, a complete SBO is not present.63,64

CT can also provide significant information regarding 
the cause of the obstruction. Once again, the findings must 
be interpreted in context of the patient’s clinical situation. 
When there is a sharp transition from dilated to decom-
pressed bowel in the absence of other findings, this is highly 
suggestive of an SBO secondary to adhesions. CT does an 
excellent job identifying hernias such as inguinal, umbilical, 

incisional, or other atypical hernias. Often these hernias 
contain bowel but not all are obstructing. Clues indicating 
obstruction are dilated bowel going into the hernia and col-
lapsed bowel exiting the hernia, oral contrast proximal to the 
hernia and no contrast distal to the hernia, and a localized 
inflammatory process surrounding the hernia, particularly 
in the subcutaneous tissues (Figure 6-38). Another common 
extrinsic cause of obstruction is recurrent cancer. A CT scan 
is often able to demonstrate a mass at the site of obstruction 
and may also provide evidence of more widespread perito-
neal disease. Unexpected causes of obstruction may also be 
identified such as Crohn’s disease, intussusception, or small 
bowel cancers.65

When the affected bowel becomes strangulated, the 
morbidity and mortality associated with a SBO increase 
significantly. No test is able to provide definitive proof of 
strangulated bowel, but CT is able to provide a wealth of 
information that can indicate concern for vascular compro-
mise. Thickened, congested bowel with increased attenua-
tion at the site of obstruction associated with engorgement 
of the mesenteric vasculature is concerning for strangula-
tion (Figure 6-39). The mesentery may become hazy or the 
vasculature may be obliterated as the inflammation pro-
gresses, and it becomes filled with fluid or even blood.66 
Other findings of ischemia include lack of enhancement 
after IV contrast administration or the presence of ascites. 
The presence of pneumatosis and portal venous gas are the 
more ominous signs of intestinal ischemia. Finally, a spiral 
pattern of engorged mesenteric blood vessels may indicate 
an internal hernia or rotation of small intestine around fixed 
adhesions.67

Postoperative Evaluation

CT has greatly impacted the postoperative evaluation of the 
surgical patient. It is typically used to evaluate a patient with 

Figure 6-37. CT showing a simple small bowel obstruction. Figure 6-38. CT showing an incarcerated hernia.
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abdominal pain, fevers, leukocytosis, or persistent ileus in 
the postoperative period. The yield of a CT scan is greatest 
when it is obtained 5 days or more after surgery. Before post-
operative day 5, it is difficult to differentiate normal postop-
erative intraperitoneal free air and fluid from air and fluid 
that represent a leak from a hollow viscus or abscess cavity. 
It usually takes more than 5 days for an abscess to organize 
into a walled-off, contained collection.68 Once again, the 
findings of the CT scan must be interpreted in the context of 
the clinical condition of the patient. Therefore, the yield will 
be greatest when the scan can address a specific question.

Findings highly suggestive of an anastomotic leak include 
an inappropriate volume of free air or fluid in the abdomen. 
The presence of extraluminal oral contrast confirms perfora-
tion of a hollow viscous. The presence of localized fluid and 
air around an anastomosis are concerning for a leak but must 
be taken in context to the postoperative period and the condi-
tion of the patient. Water-soluble enemas are more sensitive 
than CT with rectal contrast for the detection of a colonic 
anastomotic leak (Figure 6-40). However, a CT is often more 
easily and readily obtained. An abscess is defined as an orga-
nized fluid collection with or without air that has an enhanc-
ing rim (Figure 6-41).69,70 As mentioned above, CT is very 
good at distinguishing between an ileus and a mechanical 
bowel obstruction, which is an important distinction in the 
perioperative period.

Computed Tomography Enterography

Computed tomography enterography (CTE) is a technique 
that uses multidetector row CT to examine the small bowel in 
a continuous fashion. The volume of information produced 
can be reconstructed in any plane to produce high-resolution 

scans with superb image quality.71 For high quality images 
the patient must ingest over a liter of oral contrast in a rapid 
fashion (<1 h) and intravenous contrast is administered for 
enhancement. Advantages of CTE include the ready avail-
ability of CT scanners, a straightforward technique, the speed 
of the exam (10–15 min), and the potential for less radiation 
than a standard small bowel follow through. Intestinal and 
extraintestinal findings of Crohn’s disease can be seen on 
CTE.72 Intestinal findings include wall hyperenhancement, 
wall thickening (generally >3 mm), and luminal narrowing 
(Figures 6-42 and 6-43). Extraintestinal findings include 

Figure 6-39. CT showing a small bowel obstruction with evidence 
of ischemia.

Figure 6-40. CT showing a colorectal anastomotic leak.

Figure 6-41. CT showing an anastomotic leak. Arrows point to 
pneumoperitoneum and high density ascites which represents 
extravasated oral contrast. (From Blanchard TJ, Altmeyer WB, 
Matthews CC. Limitations of colorectal imaging studies. In: Whitlow 
CB, Beck DE, Margolin DA, Hicks TC, Timmcke AE, editors. 
Improved outcomes in colon and rectal surgery. London: Informa 
Healthcare; 2010. p. 97–131. With permission).



Figure 6-42. A CT enterography of strictured ileal Crohn’s disease. 
Axial scan through the pelvis shows narrowed, strictured neo- 
terminal ileum (large arrow). Note the thin, inner wall hyperen-
hancement and the peripheral wall hypoenhancement giving a target 
appearance or mural stratification. Additionally, the inner portion 
of the wall of the immediate upstream ileum (long small arrow) 
also hyper enhances. The stricture causes significant upstream 
obstruction. B CT enterography of strictured ileal Crohn’s disease. 
Coronal, thin MIP scan through the pelvis shows narrowed, stric-
tured neo-terminal ileum (arrow) just proximal to the cecum (C). 
(From Baker ME, Veniero JC, Kiran RP. Computed tomography 
enterography and magnetic resonance enterography: the future of 
small bowel imaging. Clin Colon Rectal Surg. 2008;21:213–19. 
With permission).

Figure 6-43. A CT enterography of distal ileal Crohn’s disease. 
Axial scan through the pelvis shows a long segment of disease 
proximal to an end ileostomy (arrows). There is mild-to-moderate 
upstream small bowel (B) dilation. Interestingly, the endoscopy 
was normal, but the pathology was positive for active disease. B 
CT enterography of distal ileal Crohn’s disease. Coronal thin MIP 
reconstruction through the pelvis shows a long segment of disease 
proximal to an end ileostomy (arrows). (From Baker ME, Veniero 
JC, Kiran RP. Computed tomography enterography and magnetic 
resonance enterography: the future of small bowel imaging. Clin 
Colon Rectal Surg. 2008;21:213–19. With permission).
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peribowel vascular engorgement, peribowel fat proliferation, 
strictures, fistulae, and abscesses. In many centers, CTE is 
replacing the traditional small bowel follow through.

CT Colonography

CT colonography or virtual colonoscopy is a method for 
imaging the colon and screening for advanced polyps and 
colorectal cancers. This technique requires cleansing of the 
colon to allow differentiation of polyps and haustral folds 
from fecal material. A newer method of stool tagging which 
involves patient ingestion of low-density barium and water-
soluble contrast the night before the study along with the 
colon preparation, increases the sensitivity of the exam. The 
colon is distended during the study through the manual or 
automated instillation of air or carbon dioxide. The colon is 
then imaged in two patient positions (supine and prone) using 
multidetector row CT with thin collimation. The images are 
then viewed in two- and three-dimensional views for inter-
pretation by a computer and the radiologist. Computer-aided 
detection identifies suspicious areas and increases the diag-
nostic accuracy of the reading radiologist. Advances in this 
technique which include stool tagging, automated colon dis-
tention, and multiplanar views of the colon have increased the 
utility of this technique for colon polyp and cancer screening. 
In addition, the short amount of time required to obtain images 
(<15 min), the absence of conscious sedation, and a low per-
foration rate make CT colonography a promising alternative 
to optical colonoscopy for colon cancer screening.73

CT colonography allows detection of polyps based on size. 
Polyps which are >10 mm in size are considered high risk 
and the patient is referred for same day colonoscopy. Pol-
yps between 6 and 10 mm in size are detected and reported 
but current treatment protocols call for variable management 
of these polyps. Some patients may be offered CT surveil-
lance and others optical colonoscopy (Figures 6-44 and 
6-45). Although polyps which are 5 mm or less in size may 
be seen on CT colonography, they are not reported in the 
radiologist’s interpretation of the study. This approach has 
been shown to decrease the number of referrals for optical 
colonoscopy without sacrificing early treatment of high risk 
polyps.74 CT colonography has been shown to have similar 
sensitivity to optical colonoscopy for the detection of middle 
and large size polyps in average risk individuals.75

Despite advances in sensitivity with CT colonography, this 
technique still has limitations that must be overcome before 
its widespread use in screening protocols. For example, CT 
colonography has a poor sensitivity for flat lesions and may 
miss up to 66% of flat lesions over 5 mm.76 In addition, CT 
colonography is a diagnostic not therapeutic procedure. Up 
to one in five patients undergoing CT colonography may be 
referred to optical colonoscopy. CT colonography may also 
reveal extracolonic findings. While extracolonic cancers have 
been diagnosed using this technique, between 5 and 16% of 
patients will be referred for additional imaging and diagnostic 

procedures when CT colonography findings have no clinical 
significance.77 Finally, insurance coverage for this screening 
technique is limited. For these reasons, CT colonography is 
recommended for patients who are unable to have a complete 
colonoscopy, for those who have significant medical problems 
that put them at increased risk for optical colonoscopy com-
plications (significant pulmonary disease or anticoagulation), 
and to identify synchronous cancers or polyps in patients with 

Figure 6-44. Axial two-dimensional image from a CT colon study 
shows a well-defined 6-mm polyp in the sigmoid colon.

Figure 6-45. Three-dimensional image confirms the presence of 
the polyp in Figure 6-4.
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obstructing lesions. CT colonography is contraindicated in 
patients who are at high risk for colon and rectal cancer such 
as inflammatory bowel disease patients or those with known 
genetic syndromes for colon or rectal cancer.73

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is an imaging technique 
that measures proton behavior after excitation by a radiof-
requency pulse in a magnetic field. Protons within water 
dense or fat dense tissue can be selectively displayed so 
that adjacent tissues demonstrate different levels of inten-
sity. Advantages of this technique include the avoidance 
of ionizing radiation as well as iodinated contrast agents.78 
However, MRI requires expensive equipment and radiologist 
expertise for interpretation and, therefore, may not be widely 
available. In addition, image resolution may be degraded 
by respiratory motion or peristalsis of the bowel. Newer 
advances enhance image quality despite challenges with 
motion artifact. Integration of a pelvic phased array coil with 
the endorectal coil (Figure 6-46) or an external phased array 
coil used independently results in high-resolution images 
with a large field of view.79,80 MRI cannot be performed in 
patients with implanted devices which may malfunction in 
a strong magnetic field (cardiac pacemakers, cerebral aneu-
rysm clips, cochlear implants). In addition, patients with 
chronic renal insufficiency who will require gadolinium for 
MRI image acquisition are at risk for nephrogenic systemic 
fibrosis, a progressive fibrotic syndrome which affects the 
skin and other organs.81 Despite the utility of MRI in imag-
ing rectal and anal disease with respect to the entire pelvis, 
not all patients will be candidates for MRI imaging.

MRI can be used for staging rectal cancer. Pretreatment 
staging of rectal cancer has been shown to have similar 

 accuracy for detection of tumor depth and nodal involvement 
as endorectal ultrasound.82 Tumor depth can be determined 
secondary to the low signal intensity of the muscularis 
propria which sits between the high intensity layers of the 
submucosa and perirectal fat (Figure 6-47). Lymph node 
involvement is not judged solely by size but also by irregu-
lar borders and heterogenous signal intensity. Agreement 
between MRI and pathology staging is 94% for tumor depth, 
85% for nodal involvement and 92% for circumferential 
margin involvement.83 Advantages of MRI for initial rectal 
cancer staging include accuracy that does not vary with the 
height of the rectal lesion and visualization of the entire pel-
vis This allows surgeons to assess of the radial margin and 
pelvic sidewall prior to surgery.

Studies have been performed to test the utility of MRI in 
restaging of rectal cancer after neoadjuvant chemoradiation 
and after rectal cancer recurrence. The difficulty is in dis-
tinguishing inflammation from tumor deposits. Tumor has a 
high signal intensity and rapid enhancement on T2 images. 
Granulation tissue, hematoma and radiation-induced inflam-
mation also have a high signal intensity.82 Therefore, MRI 
images have a low sensitivity for diagnosing tumor persis-
tence after chemoradiation therapy.84 Even as inflammation 
matures over time into fibrosis which appears as an area of 
low intensity and slow enhancement, the specificity of MRI 
remains low (29–86%) and can lead to a diagnosis of recurrence 
when there is not.84 Overall, utility of MRI in restaging rec-
tal cancer after neoadjuvant treatment and in detecting rectal 
cancer recurrence remains low.

MRI is now increasingly used for the imaging of com-
plex fistula in ano and fecal incontinence. Fistula in ano is 
often diagnosed and treated with an exam under anesthesia. 
However, MRI images may assist the surgeon in  identifying 
primary and secondary fistula tracts and the internal anal 

Figure 6-46. Endoanal MRI demonstrates a nondisrupted (normal) 
signal of the internal and external sphincter.

Figure 6-47. Endorectal MRI examination shows an ulcerated 
plaque-like cancer arising from the mucosa and extending to the 
first muscular layer of the muscularis propria.
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canal opening with respect to the sphincter complex prior 
to definitive surgery. Unlike endoanal ultrasound (EAUS) 
which may also assist the surgeon, the MRI allows for a 
large field of view which includes the pelvis, ischiorectal 
fossa, and gluteal regions that are outside the scope of EAUS 
images but may be involved if fistulous disease is extensive. 
In addition, patients with active proctitis or anal stenosis 
may be more comfortable with an external phased array coil 
rather than an endoanal coil or ultrasound probe.85 MRI may 
also be used for patients with fecal incontinence. While MRI 
demonstrates defects in the external and internal anal sphinc-
ters just as EAUS, MRI may better for imaging external anal 
sphincter atrophy and other defects in pelvic musculature 
(puborectalis and levator ani).86 In all, MRI is an alternative 
to EAUS for image acquisition in patients with fistula in ano 
or fecal incontinence and it offers some advantages over the 
ultrasound technique.

Radionuclide Imaging

Radionuclide images are acquired based on physiologic 
rather than anatomic differences between tissues. These 
images have a wide spectrum of use in clinical medicine. 
Radiopharmaceuticals and gamma cameras are the mainstay 
of radionuclide imaging. Specific radionuclides are cho-
sen based on their affinity for a particular organ system or 
ongoing physiologic process (i.e., glucose metabolism or GI 
bleeding). The image quality depends on the sensitivity of 
the radionuclide for the target organ or physiologic process. 
Gamma cameras then generate images based on the summed 
location and intensity of gamma photons emitted by the radi-
onuclide substance.87

Positron Emission Topography

Positron emission topography (PET) is an imaging modality 
which relies on the physiologic differences in glucose metab-
olism that exists between tissue types.88 Cells which have 
a higher baseline metabolic rate or increased mitotic activ-
ity will absorb glucose at a high rate. PET takes advantage 
of this difference as metabolically active cells will absorb 
a radioactive analog of glucose, 18-F-2-fluoro-2-deoxy-d-
glucose (FDG) at a high concentration. However, structural 
changes in the FDG molecule prohibit further metabolic 
degradation and FDG accumulates in the intracellular space 
of metabolically active tissues.89 Images are then generated 
based on differential FDG uptake.

PET image acquisition depends on differential glucose 
utilization by tissues. In order to maximize tissue differ-
ences, prior to the study patients should avoid carbohydrates, 
fast for 4–6 h immediately before and control serum glucose 
(<200 mg/dl).90 Tissues that display increased FDG uptake 
include the urinary and gastrointestinal tracts, tissue with 
active inflammation secondary to leukocyte and macrophage 
activity and malignant tissue.88 Because of increased FDG 

avidity of malignant cells, PET scans have become an invaluable 
tool for the staging of primary and recurrent cancers.

PET is currently approved for use in patients with colon 
and rectal cancer. While colon and rectal cancer is usually 
diagnosed with colonoscopy and an initial staging CT, PET 
obtained for other reasons may be diagnostic of high-grade 
colon or rectal lesions in 3.3% of patients.91 However, PET 
is not recommended for primary staging of colon or rectal 
cancer where the likelihood of a change in surgical manage-
ment is low.92 If there is a question of resectability at initial 
diagnosis, especially in regard to liver metastases, PET is 
more accurate in detecting extrahepatic disease and charac-
terizing liver metastases than CT (Figure 6-48A–C). There-
fore, PET may be used to determine treatment course in 
patients with indeterminate initial staging. PET is also useful 
for the detection of recurrent disease and acts as a comple-
ment to CT, CEA, and colonoscopy surveillance.93 PET is 
also more sensitive than these other surveillance tests for 
determining extent of recurrence so a change in CT imaging 
or CEA level which suggests recurrence can be confirmed 
by PET imaging (Figure 6-49A and B).94 Clinical situations 
in which PET has been studied for use but is not currently 
approved include monitoring response to chemotherapy and 
monitoring response after ablation of liver metastases. PET 
has not been found to be useful in restaging rectal cancer 
after neoadjuvant chemoradiation since radiation therapy 
results in inflammation within the tumor bed that causes dif-
ficult to interpret changes in FDG avidity. PET has also been 
investigated for use in anal squamous cell cancer. PET may 
aid in the initial staging of anal cancer by detecting inguinal 
lymph node involvement. However, the specificity of ingui-
nal lymph node involvement is low and inguinal nodes may 
display FDG avidity with benign inflammation.95 Overall, 
PET is useful for staging and treatment planning in colon 
and rectal cancer recurrence or metastatic disease which has 
been treated medically and is being evaluated for surgical 
resection.

PET imaging has certain limitations. For example, tradi-
tional PET imaging has low spatial resolution. New tech-
niques allow fusion of PET and CT images taken in one 
imaging session to allow localization of FDG avid structures 
in relation to specific organ structures. PET also has low 
specificity resulting in false-positive and -negative studies 
secondary to inflammation, normal gastrointestinal physio-
logic uptake, and cancers with low cellular or metabolic den-
sity (i.e., mucinous adenocarcinoma or carcinoid).90 PET/CT 
allows correlation of FDG avid areas with specific organs 
found on CT. Therefore, PET/CT not only improves localiza-
tion of FDG avid lesions but also enhances the certainty in 
interpreting lesions as normal or abnormal.96 Overall, PET/
CT is proving to be a more accurate test than either of its 
individual components or the sum of its components viewed 
side by side in regard to colon and rectal cancer  staging.97 
Further studies are required to determine the clinical scenarios 
in which PET/CT is most appropriate.
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RBC Scintigraphy

Radionuclide imaging studies are widely used in the diagno-
sis of lower gastrointestinal bleeding. The principle is that 
the intravascular tracer will be extravasated into the bowel 
lumen during active bleeding. Concentration of the radioac-
tive tracer on the acquired images allows for identification 
of the bleeding site. Technetium 99mTc is the radionu-
clide used in bleeding scans. This radiopharmaceutical can 
be used to label colloid or patient red blood cells (RBCs). 
Radiolabeled colloid is readily available and requires less 
preparation time. However, the colloid is rapidly metabo-
lized resulting in a lower sensitivity for the detection of 
gastrointestinal bleeding.98 RBCs take longer to label but 
they are metabolized slower and can remain active up to 
24 h after injection. Therefore, the use of labeled RBCs 

is preferred as multiple scans can be obtained in patients 
with intermittent bleeding episodes. Tagged RBC scans 
are considered positive if the tracer pattern conforms to 
bowel anatomy, uptake increases in intensity over time and 
the tracer propagates in an antegrade or retrograde fashion 
(Figure 6-50).99 These criteria help to distinguish true gas-
trointestinal bleeding from other lesions within the intestine 
with a high blood density (hepatic hemangioma, colonic 
angiodysplasia). Tagged RBC scans are sensitive for bleed-
ing but may result in a false negative if the rate of bleeding 
is below 0.2 cm3/min or the bleed is episodic. 100 Similar to 
PET, tagged RBC scans have a low spatial resolution and 
locate only the vascular territory of the bleed. In addition, 
the time for radionuclide appearance on bleeding scans may 
have prognostic significance. Patients who have an early 

Figure 6-48. A PET scan showing multiple discrete areas of hypermetabolism within the liver, representing metastatic colon adenocarci-
noma. B A noncontrast CT of the same patient. The multiple metastatic foci are nearly impossible to detect without contrast. C Iodinated 
contrast helps to delineate between normal hepatic tissue and hypodense metastatic disease (From Blanchard TJ, Altmeyer WB, Matthews 
CC. Limitations of colorectal imaging studies. In: Whitlow CB, Beck DE, Margolin DA, Hicks TC, Timmcke AE, editors. Improved 
outcomes in colon and rectal surgery. London: Informa Healthcare; 2010. p. 97–131. With permission).
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positive scan (<2 min) are more likely to have a blush on 
arteriogram that can be treated compared to patients with a 
late positive scan who are more likely to benefit from resus-
citation and colonoscopy if necessary.101 RBC scintigraphy 
is useful for the stratification of patients with active large 
volume gastrointestinal bleeding who will benefit from sub-
sequent angiography and those who can be managed with 
less invasive techniques.

Meckel’s Scintigraphy

A Meckel’s scan, although not used as often as the tagged 
RBC scan, can be useful in the evaluation of young patients 
with occult gastrointestinal bleeding with no identifiable 
colonic source. Meckel’s diverticulum causes abnormal 
bleeding as a result of aberrant gastric mucosa that lines the 
diverticulum. 99Tc pertechnetate is a radionuclide which is 
actively concentrated and then excreted by mucous-secreting 
cells in gastric mucosa.102 Native as well as ectopic gastric 
mucosa will concentrate the radionuclide and be visualized 
within 30–60 min after injection (Figure 6-51). Delayed 
images will obscure ectopic foci of uptake, secondary to 
rapid transit of the radiotracer through the gastrointestinal 
tract. The sensitivity of the Meckel’s scan is 85% and the 
specificity is 95%.103

Figure 6-49. A CT in a patient who had prior rectal resection for 
carcinoma shows soft tissue mass in the surgical bed of the perirec-
tal fat. B Follow-up PET examination shows intense FDG uptake 
within this soft tissue mass consistent with recurrence.

Figure 6-50. 99mTc-tagged red blood cell study shows early blood 
pool activity within the ascending colon in this patient with bleed-
ing after a recent polypectomy.

Figure 6-51. 99mTc-pertechnetate scan (Meckel’s) shows a dis-
crete focus of increased uptake in the right lower quadrant, with 
approximately the same intensity as the stomach indicating gastric 
mucosa is present within this Meckel’s diverticulum.
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Arteriography

Arteriography is an invasive procedure performed by 
 specialty trained physicians and is used in the diagnosis and 
treatment of a variety of colorectal diseases. The arterio-
gram is performed through a percutaneous approach under 
sterile conditions. The femoral artery is a preferred puncture 
sight although axillary and brachial arteries may be used. A 
guidewire is introduced through the needle and a catheter is 
introduced over the guidewire. Various catheters and guide 
wires allow the interventional radiologist to access the vessels 
in question. Arteriography is an invasive procedure with an 
overall mortality of 1 in 40,000.104 Complications from the 
performance of the procedure and manipulation of the wires 
and catheters are more common than reactions to the contrast 
itself.105 The most common complications are related to hema-
tomas or pseudoaneurysms at the puncture sight, dissection 
or embolization secondary to catheter manipulation. Contrast 
reactions and contrast toxicity (renal failure) occur in <1% of 
studies done. Experience and technique can minimize many 
of the complications. Hydration and IV mannitol can reduce 
the nephrotoxicity. If the patient has allergies to iodine or has 
had a prior contrast reaction, premedication with methyl pred-
nisolone is done 12 and 2 hours before arteriography.

The arteriogram is a useful diagnostic and therapeutic 
modality in the treatment of active lower GI bleeding. If 
a radionuclide scan is performed and localizes the site of 
bleeding, a selective angiogram can then be performed. 
For bleeding localized to the left colon on tagged RBC study, 
the inferior mesenteric artery is selected first. The superior 
mesenteric artery is selected first for those bleeds that occur 
in the right colon. If the bleeding site is not identified after 
injection of both the superior and inferior mesenteric arter-
ies, a celiac run is performed looking for an upper intestinal 
bleeding source. Active bleeding can be diagnosed by the 
accumulation of contrast in the arterial phase that persists 
through the venous phase (Figure 6-52). Bleeding needs to 
occur at a higher rate for a positive angiogram (0.5 ml/min) 
than for nuclear imaging (0.1–0.2 ml/min). Because lower 
GI bleeding can be intermittent, the bleeding site is some-
times not identified at the time of the angiogram.

Diverticulosis and vascular ectasias are presumed to be 
the leading cause of lower GI bleeding in most patients. 
Diverticular bleeds appear as a blush of contrast contained 
within a diverticulum. Vascular ectasias often occur in the 
right colon and appear as small vascular clusters, a blush in 
the wall of the colon, and early opacification of a draining 
vein.106 Arteriovenous malformations are developmental in 
origin and are often seen in the small bowel. They appear as 
tortuous, dilated arteries and early prominent veins. Capillary 
telangiectasias (common in Osler Weber Rendu syndrome) 
appear as multiple, tiny areas of blush and no arteriovenous 
shunting. Postpolypectomy bleeding has been diagnosed and 
treated with angiography. A rapid blush of dye occurs at the 
site of bleeding and often stops with direct infusion of vaso-
pressin or embolization (Figure 6-53A and B).

Acute mesenteric ischemia is one of the most common 
intestinal disease processes for which arteriography is used 
for diagnosis and treatment. Acute mesenteric ischemia can 
be either nonocclusive or occlusive. Nonocclusive mesen-
teric ischemia arises from a “low flow” state typically sec-
ondary to reduction in mesenteric blood flow from cardiac 
failure or hypotensive shock. This diagnosis can frequently 
be made with clinical symptoms and computer tomography 
images. The typical early angiographic images show dif-
fuse vasoconstriction of mesenteric arterial branches and 
decreased parenchymal vascularity (Figure 6-54). In the late 
stage there is increased accumulation of contrast in the bowel 
wall. Treatment includes volume resuscitation and cardiac 
support. The diagnostic percutaneous catheter can be used to 
treat the mesenteric phase of constriction with IV glucagon 
or intra-arterial infusion of the papaverine in an intensive 
care unit setting.

Occlusive acute mesenteric ischemia is a medical emer-
gency, thus early diagnosis and treatment may prevent bowel 
necrosis and perforation. These patients typically have 
severe abdominal pain with nonspecific physical findings.107 
An arteriogram is the most useful diagnostic examination 
for patients in whom one has a high clinical suspicion of 
acute occlusive mesenteric ischemia.47 A catheter is inserted 
into the aorta and an aortogram is obtained. The celiac and 
superior mesenteric arteries are catheterized and injected with 
contrast in order to identify the level of occlusion and docu-
ment collateral circulation. A superior mesenteric artery 
embolus typically lodges just proximal or distal to the take 
off of the middle colic artery and is seen as a meniscus at 
the site of occlusion and blockage of contrast (Figure 6-55). 
Atherosclerotic occlusion will often involve the origin of the 

Figure 6-52. Mesenteric angiogram shows pooling of contrast in 
the sigmoid colon in this patient with surgically proven diverticular 
bleeding.
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Figure 6-53. A Mesenteric angiogram shows extravasation of con-
trast indicating an acute bleed. B Acute gastrointestinal bleed that 
was successfully treated after infusion of pitressin.

Figure 6-54. Mesenteric angiogram shows vasoconstriction and 
pruning of the superior mesenteric artery and its branches in this 
patient who presented with mesenteric ischemia secondary to 
severe hypotension.

Figure 6-55. Mesenteric angiogram shows a large filling defect 
within the proximal superior mesenteric artery consistent with an 
embolism in this patient with ischemic bowel.
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superior mesenteric artery seen as stenosis or plaque with 
a trickle of glow beyond. Collaterals will develop from the 
inferior mesenteric artery through the marginal artery. 
If the inferior mesenteric artery is occluded or absent, the 
collaterals will develop from the middle or inferior hemor-
rhoidal arterial branches of the internal iliac artery.108,109
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7
Endoluminal Ultrasound
Donald G. Kim and W. Douglas Wong†

Evaluation of the anal canal and rectum has traditionally 
relied on digital examination, anoscopy, and rigid or flexible 
proctosigmoidoscopy. The introduction of imaging meth-
ods, particularly endoluminal ultrasonography, has brought 
a greater degree of objectivity to the evaluation of the  
anorectum.

Endoluminal ultrasound has become the diagnostic proce-
dure of choice in the evaluation of many anorectal disorders. 
Endorectal ultrasound (ERUS) has evolved into the best 
imaging modality for accurate staging of rectal neoplasms. 
The accurate determination of tumor penetration depth and 
regional lymph node status has become critical to guiding 
subsequent treatment of rectal malignancies. In addition, 
endoanal ultrasound (EAUS) has become invaluable in the 
diagnostic workup of fecal incontinence and anorectal sup-
purative conditions. This chapter will focus on the use of 
endoluminal ultrasound in the evaluation of patients with 
benign and malignant conditions of the anorectum.

History

Endoluminal ultrasound of the rectum was first introduced 
by Wild and Reid in 1952.1 They were the first to develop an 
“echoendo probe,” but it was never used clinically. Because 
of limitations in technology, it was not until 1983 that this 
type of imaging was introduced into clinical practice by 
Dragsted and Gammelgaard.2 They used a Bruel and Kjaer 
(Type 8901) ultrasound probe with a rigid rotating endosonic 
probe with 4.5-MHz transducer initially designed for pros-
tatic ultrasound. Thirteen primary rectal cancers were evalu-
ated and invasion was correctly predicted in 11 cases when 
compared with the final histopathology. Two patients could 
not be adequately imaged because of stricture. Although 
successful, they did not define their reporting criteria. In 
1985, Hildebrandt and Feifel3 found that ultrasonography 
correlated with pathologic finding in 23 of 25 rectal cancers. 

They proposed a modification of the tumor-node-metastasis 
(TNM) classification4 for ultrasound tumor staging (uTNM).3 
The prefix “u” indicated ultrasound staging as opposed to the 
prefix “p” representing pathologic staging. Similar to Drag-
sted and Gammelgaard, they also made no reference to the 
reporting criteria used for degree of invasion. Further refine-
ments of the technique and improvement in the ultrasound 
equipment have made endoluminal ultrasound routine in the 
evaluation of patients with anorectal disorders.

Endorectal Ultrasound

As the treatment for rectal cancer has evolved, the impor-
tance of accurate preoperative staging of the lesion has 
become paramount in determining the patient’s treatment 
regimen. Radical surgery, either low anterior or abdomino-
perineal resection is not always the initial or only therapy 
available for patients diagnosed with rectal carcinoma. With 
the development of preoperative neoadjuvant therapies for 
rectal cancer, accurate staging of these patients’ lesions has 
become increasingly important. In addition, local excision 
has become an option in highly selected early-stage rectal 
cancers necessitating accurate preoperative staging.

The goal of preoperatively staging the rectal lesion is an 
accurate evaluation of the primary tumor, which includes 
the depth of tumor penetration and an evaluation of regional 
lymph node disease. ERUS accomplishes these goals using 
an intraluminal high-frequency sonographic transducer via 
a handheld rotating probe to accurately image the rectal 
wall and adjacent structures. For this reason, ERUS has 
become the preferred method used to stage the patient with 
rectal cancer.

Equipment and Technique

Equipment used for endoluminal ultrasonography includes a 
handheld endocavitary probe with rotating transducer which 
acquires a 360° image. Most investigators use a B-K Medical †Deceased  
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scanner with a rigid handheld Type 1850 rotating probe and a 
7- or 10-MHz transducer (B-K Medical, Wilmington, MA). 
Transducers of 7 and 10 MHz provide a focal length of 2–5 
and 1–4 cm, respectively, rotating in a 90° scanning plane 
at four to six cycles per second to obtain a 360° radial scan 
of the rectal wall and surrounding structures. Because of 
its superior near-image clarity, the 10-MHz transducer is 
 preferred. Rectal imaging requires a latex balloon covering 
the transducer for acoustic contact. The balloon is instilled 
with water allowing the ultrasound signals to easily pass 
through the water to image the rectum. The water instilled 
distends the rectum allowing the balloon to maintain con-
tact with the rectal wall without separation, preventing any 
 distortion of the image by the interposition of nonconductive 
air between the probe and the rectal wall.

Patients receive one or two phosphosoda enemas to cleanse 
the rectum before examination. The procedure is performed 
with the patient in the left lateral decubitus position with-
out sedation. A digital rectal and proctoscopic examination 
is performed to assess the tumor size, appearance, location, 
and distance from the anal verge. Any residual stool or enema 
effluent that might interfere with the ultrasound is removed. 
A wide-bore ESI proctoscope (Electrosurgical Instrument 
Company, Rochester, NY) is inserted into the  rectum to 
examine the rectum and lesion of interest. Optimally, the 
proctoscope is advanced proximal to the lesion to facilitate 
complete examination of the tumor by the transducer. The 
wide-bore ESI proctoscope permits passage of the ultrasound 
probe through the proctoscope to facilitate positioning of the 
probe above the lesion. This facilitates complete imaging 
of the lesion from its most proximal to distal extent as well 
as the proximal mesorectum, which may harbor involved 
lymph nodes. This approach is preferred to blind insertion 
of the ultrasound probe into the rectum. With blind insertion, 
distortion of the image can occur and the proximal areas of 
a lesion as well as the adjacent mesorectum will often be 
missed.

After correct positioning of the wide-bore ESI procto-
scope, the ultrasound probe with latex balloon is lubricated 
and passed through the proctoscope to its full extent. The 
ultrasound probe is oriented with the stopcock and syringe 
positioned upright to the patient’s right. The proctoscope is 
slightly withdrawn keeping the ultrasound probe in place to 
expose the transducer protruding beyond the end of the proc-
toscope, above the rectal lesion. The latex balloon is filled 
with 30–60 ml of water providing an optimal acoustic envi-
ronment surrounding the rotating transducer. Initial prepa-
ration of the ultrasound probe includes careful removal of 
all air bubbles within the latex balloon to minimize acoustic 
interference. The probe and attached proctoscope are slowly 
withdrawn together carefully scanning the rectum from 
proximal to distal. The ultrasonographer observes for altera-
tions of the rectal wall and perirectal tissues to assess depth 
of invasion and perirectal lymph node involvement. Optimal 

evaluation often requires several passes back and forth across 
a lesion. The evaluation of the lesion occurs on the basis 
of real-time imaging intermittently capturing still images 
that are representative of the lesion being studied. With the 
patient and ultrasound probe positioned as above, the images 
obtained are oriented radially similar to a  computed tomog-
raphy scan, looking up from the patient’s feet. The patient’s 
right side is oriented to the left of the image, anterior is up, 
and posterior is down. The studies can also be videotaped for 
further review.

Image Interpretation

Most ERUS images display a series of five distinct layers 
can be identified in the rectal wall. They consist of three 
hyperechoic (white) layers separated by two hypoechoic 
(black) layers. Beynon and colleagues5 proposed a five-layer 
model based on an anatomic study, demonstrating that the 
five basic layers seen on an ultrasonographic scan of the rec-
tal wall correspond directly to the anatomic layers present in 
the rectal wall. It is this five-layer model that we continue to 
use today (Figure 7-1). The five layers from the center to the 
periphery consist of the following:

First hyperechoic layer: Interface between the balloon and 
the rectal mucosal surface

Second hypoechoic layer: Mucosa and muscularis mucosa
Third hyperechoic layer: Submucosa
Fourth hypoechoic layer: Muscularis propria
Fifth hyperechoic layer: Interface between the muscularis 

propria and perirectal fat

Occasionally, a seven-ring model may be visualized when the 
muscularis propria is observed as two black rings separated 
by a white ring (Figure 7-2). This model represents the inner 
circular and outer longitudinal muscle layers as hyperechoic 
(black) rings separated by a hypoechoic (white) interface.

Figure 7-1. Five-layer anatomic model of an ERUS scan. Three 
hyperechoic (white) layers and two hypoechoic (black) layers are 
visualized. A anterior, L left, P posterior, R right, T transducer.
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Assessment of Rectal Neoplasms

Depth of Invasion

As discussed above, ultrasound classification of rectal tumor 
stage was initially proposed by Hildebrandt and Feifel3 as a 
modification of the TNM classification. Ultrasound staging 
classification (uTNM) is presented in Table 7-1. The depth 
of invasion is classified as follows: uT0 lesions are benign, 
noninvasive lesions confined to the mucosa; uT1 lesions 
indicate an invasive lesion confined to the mucosa and sub-
mucosa; uT2 lesions penetrate but are confined to the mus-
cularis propria; uT3 lesions penetrate the entire bowel wall 
and invade the perirectal fat; and a uT4 lesions penetrate a 
contiguous organ (i.e., uterus, vagina, cervix, bladder, pros-
tate, seminal vesicles) or the pelvic sidewall or sacrum.

uT0 Lesions

uT0 lesions are benign, noninvasive lesions confined to the 
rectal mucosa. Sonographically, the mucosal layer (inner 
black band) is expanded with an intact submucosa (middle 
white, hyperechoic line) (Figure 7-3). Benign rectal vil-
lous adenomas are classified as uT0 lesions and may be 
treated with local excision with excellent results. Impor-
tant in this decision is to accurately exclude any focus of 

invasion. The accuracy of ERUS is probably highest for T0 
lesions. In an initial study by Deen et al.6 from the Univer-
sity of Minnesota, 47 of 53 lesions (89%) were correctly 
staged preoperatively. A more recent update reported 129 
of 148 patients (87%) were correctly staged preoperatively 
from that same institution.7 Pikarsky et al.8 reported that 25 
of 27 patients (96%) were accurately staged a benign lesion 
when compared with pathologic results. Rectal adenomas 
excised transanally are frequently misdiagnosed on initial 
biopsy with the subsequent finding of an invasive cancer in 
the final pathologic specimen. For this reason, Worrell et al.9 
conducted a systematic literature review to assess the util-
ity of ERUS in the assessment of rectal villous adenomas. 
He compared the diagnosis by biopsy alone with diagnosis 
by a combination of biopsy and ERUS. This meta-analysis 
revealed that, of 258 biopsy-negative rectal adenomas, 24% 
had focal carcinoma on final histopathology and that ERUS 
correctly detected the cancer in 81%.

Figure 7-2. The typical five layers of the rectal wall. Seven lay-
ers are depicted anteriorly, where an interface can be seen between 
the inner circular A and outer longitudinal B muscle layers of the 
muscularis propria.

Table 7-1. Ultrasound staging classification (uTNM) for rectal 
cancer

uT0 Noninvasive lesion confined to the mucosa
uT1 Tumor confined to the mucosa and submucosa
uT2 Tumor penetrates into but not through the muscularis propria
uT3 Tumor extends into the perirectal fat
uT4 Tumor involves an adjacent organ
uN0 No evidence of lymph node metastasis
uN1 Evidence of lymph node metastasis

Figure 7-3. A benign uT0 lesion in the left posterolateral aspect 
of the rectum. There is an expansion of the inner black line that 
represents the mucosa A, but the submucosa B is seen to be com-
pletely intact.
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uT1 Lesions

uT1 lesions are early invasive cancers. uT1 lesions have 
invaded the mucosa and submucosa without penetrating into 
the muscularis propria. Sonographically this is characterized 
by an irregular middle white line (submucosa) without altera-
tion of the outer black line (muscularis propria) (Figure 7-4). 
Irregularities are indicated by a thickening or stippling of 
the submucosal layer but there must not be a distinct break 
in the submucosal layer. A distinct break in the submucosal 
(middle white line) layer indicates invasion of the muscu-
laris propria, hence a T2 lesion.

Local transanal excision is an acceptable treatment method 
for selected T1 lesions highlighting the need for accurate 
staging of these cancers. Criteria for the use of local thera-
pies to treat early rectal cancers have been described10 and 
include tumor size less than 4 cm, involvement less than 
one-third of the rectal circumference, location less than 8 cm 
from the anal verge, well- to moderately well-differentiated 
histology, absence of lymphatic or vascular invasion, and no 
involvement of perirectal lymph nodes.

uT2 Lesions

uT2 lesions penetrate into the muscularis propria (second 
hypoechoic, black line) but are confined to the rectal wall. 
Sonographically the hallmark finding is a distinct break in 
the submucosal layer. Characteristically, there is an expan-
sion of the muscularis propria (outer black line) but the 
interface between the muscularis propria and the perirectal 
fat (the outermost white line) remains intact. The expansion 
of the muscularis propria may be variable depending on the 
degree of invasion. “Early” uT2 lesions may just invade the 
muscularis propria with minimal expansion of the layer. 
“Deep” uT2 lesions have significant expansion of the mus-
cularis propria (outer black line) and may appear to scallop 
the outer aspect of the muscularis propria but preserve the 
interface with the perirectal fat. An example of a uT2 lesion 
is illustrated in Figure 7-5.

uT3 Lesions

uT3 lesions penetrate the full thickness of the muscularis 
propria and into the perirectal fat. Contiguous structures are 
not involved. The sonographic appearance reveals disruption 
of the submucosa, thickening of the muscularis propria, and 
disruption of the outer hyperechoic, white line indicating 
penetration into the perirectal fat (Figure 7-6). The recog-
nition of perirectal fat invasion is an important determinant 
in the preoperative evaluation of the rectal cancer patient. 
Because of the high incidence of lymph node metastases 
(30–50%), local therapy cannot be recommended for these 
patients, who are usually candidates for preoperative radia-
tion and chemotherapy followed by surgery. ERUS obvi-
ously has an important role in selecting those patients who 
will undergo preoperative radiation and chemotherapy.

uT4 Lesions

uT4 lesions are locally invasive into contiguous structures 
such as the uterus, vagina, cervix, bladder, prostate and sem-
inal vesicles, or involve the pelvic sidewall or sacrum. They 
are clinically fixed and tethered. Sonographically, there is 

Figure 7-4. A uT1 cancer in the left lateral wall of the rectum. The 
middle white line or submucosa is irregular and somewhat thick-
ened A but not completely disrupted.

Figure 7-5. A uT2 lesion is identified in the right anterior location. 
The hallmark of a uT2 lesion, as seen on endorectal ultrasonogra-
phy, is the distinct break A in the submucosa (the middle white line) 
as seen in this image.
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loss of the normal hyperechoic interface between the tumor 
and adjacent organ (Figure 7-7). Therapy of a T4 lesion usu-
ally requires preoperative radiation and chemotherapy fol-
lowed by surgical resection of the rectal cancer and involved 

adjacent organ. The overall prognosis is poor, with less than 
half of patients resected for cure. Preoperative radiation and 
chemoradiation therapy can shrink the tumor for increased 
resectability and decreased local recurrence. ERUS provides 
the means to preoperatively identify those lesions with T4 
involvement to adequately plan the patient’s treatment.

Nodal Involvement

Lymph node involvement in rectal cancer is associated with 
decreased survival rates and increased local recurrence rates. 
ERUS is able to detect metastatic lymph nodes in the mesorec-
tum. Unfortunately, the accuracy of detecting involved lymph 
nodes is less than the accuracy in determining the depth of 
invasion. The accuracy of ERUS in detecting lymph node 
metastases ranges from 50 to 83%.7,11,12 ERUS determina-
tion of metastatic lymph nodes is certainly more accurate 
than clinical (digital) evaluation13–15 as well as other imaging 
modalities including computed tomography (CT)11,16–18 and 
conventional magnetic resonance imaging (MRI).18,19 How-
ever, phased array MRI and endorectal coil MRI are compa-
rable to ERUS in lymph node assessment.20–22

As indicated in Table 7-1, lymph node staging parallels 
pathologic TNM staging classifying tumors with (uN1) 
or without (uN0) lymph node involvement. Undetectable 
or benign-appearing lymph nodes are classified as uN0. 
Malignant-appearing lymph nodes are classified as uN1. 
Normal, nonenlarged lymph nodes are usually not detect-
able by ERUS. Inflamed, enlarged lymph nodes appear 
hyperechoic with irregular borders. Lymph nodes suspicious 
for malignancy include larger, round, hypoechoic lymph 
nodes with an irregular contour. ERUS findings consistent 
with metastatic lymph nodes are demonstrated in Figure 7-8. 
Hypoechoic lymph nodes greater than 5 mm are highly sus-
picious for metastases. Involved lymph nodes are usually 
found adjacent to the primary tumor or within the proximal 
mesorectum.

The echogenic pattern and size of imaged lymph nodes 
have been suggested to be indicators of metastatic nodal 
disease. Tio and Tytgat23 were the first to recognize the 
hypoechoic pattern of malignant lymph nodes using ERUS. 
Hildebrandt et al.24 differentiated two main groups of lymph 
nodes: hypoechoic and hyperechoic lymph nodes. Com-
pared with pathologic findings, hypoechoic lymph nodes 
represent metastases, whereas hyperechoic lymph nodes are 
visualized because of nonspecific inflammation. There is no 
definitive size threshold to determine if an identified lymph 
node is malignant. Lymph nodes smaller than 5 mm can 
harbor metastatic disease.25–27 In a pathology-based study, 
Herrera-Ornelas et al.25 found that two-thirds of metastatic 
lymph nodes from colorectal cancer were smaller than 5 mm 
in diameter. Katsura et al.26 found that 18% of nodes mea-
suring 4 mm or less on ERUS were involved with metastatic 
disease. Similarly, Akasu et al.27 found that approximately 
50% of cases of lymph nodes measuring 3–5 mm on ERUS 
harbored metastases. Sunouchi et al.28 described a “small 

Figure 7-6. A uT3N1 lesion. The tumor disrupts all layers of 
the rectal wall, with extensions evident into the perirectal fat A. 
A lymph node B is identified in the left posterior location within 
the mesorectum.

Figure 7-7. A T4 lesion in the distal rectum and upper anal canal 
extending to the vagina. The curved white line A seen anteriorly 
represents the examiner’s finger in the vagina, and the hypoechoic 
anterior tumor B can be seen to extend into the vagina.
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spot sign” for lesions at the margin of rectal carcinomas on 
ERUS measuring 1–3 mm in diameter. The small hypoechoic 
“spots” correlated with massive venous or lymphatic inva-
sion histologically.

Nodes larger than 5 mm harbored metastatic disease 54% 
of the time. Sunouchi et al.29 studying hypoechoic lesions 
larger than 5 mm on ERUS demonstrated that 68% were 
metastatic lymph nodes and 20% were tumor deposits. Sta-
tistically, the incidence of metastatic disease increases as 
lymph node size increases.

Overall, four nodal patterns are seen with differing proba-
bilities of being involved with metastatic disease. Nonvisible 
lymph nodes on ultrasound have a low probability of harbor-
ing lymph node metastases. Hyperechoic lymph nodes with 
nonsharply delineated boundaries are more often benign 
resulting from inflammatory changes. Hypoechoic lymph 
nodes larger than 5 mm are highly suggestive of lymph node 
metastases. Mixed echogenic lymph nodes larger than 5 mm 
are difficult to classify but should be considered malignant.

Accurate lymph node staging of rectal cancers by ERUS 
relies on the experience of the examiner. False-positive 
results may occur because of inflammatory lymph nodes 
or confusing the cross-sectional appearance of perirectal 
blood vessels for metastatic lymph nodes. Scanning longi-
tudinally will distinguish between blood vessels and lymph 
nodes because blood vessels will extend longitudinally, 
change direction, and/or branch. The sonographic continu-
ity of the hypoechoic vessel over a distance greater than the 
cross-sectional area is the criterion used to distinguish the 
two. Three-dimensional imaging can help in making this 
distinction.

False-negative results are also problematic in interpreting 
nodal involvement on ERUS. Lymph nodes harboring micro-
metastases are difficult to detect. Grossly malignant lymph 
nodes may be present outside the range of the ultrasound 
probe and remain undetectable. This may be the case of lat-
eral pelvic lymph nodes such as the obturator nodes as well 
as those within the mesorectum beyond the proximal extent 
of the rigid probe.

Accuracy of Ultrasound in the Diagnosis  
of Rectal Cancer

The success of any imaging modality is the result of its 
diagnostic accuracy. Preoperative therapy for rectal cancer 
depends on the accurate staging of the primary lesion. The 
determination of the lesion’s depth of invasion (T stage) 
and lymph node involvement (N stage) are important fac-
tors dictating the therapeutic options. ERUS has the ability 
to determine the depth of tumor invasion and lymph node 
involvement of rectal cancers. ERUS has been found to be 
accurate in determining the tumor’s depth of invasion within 
the bowel wall, although ERUS is only moderately accurate 
in the assessment of lymph node involvement.

The accuracy of ERUS for the staging of rectal cancer has 
been established from studies comparing preoperative ultra-
sound staging with the pathologic staging from the operative 
specimens. The accuracy of ERUS for tumor depth of inva-
sion has been reported in the range of 63–93% (Table 7-2). 
Overstaging has been reported in approximately 11% of 
patients16 and is believed to be the result of peritumoral 
inflammation beyond the leading edge of the tumor. Under-
staging for depth of wall invasion has been reported to be 
approximately 5%16 and is considerably more serious than 
overstaging because inadequate management may result. 
With overstaging, potentially more aggressive management 
is recommended than might be required.

Detection of lymph node metastases with ERUS has been 
less accurate, ranging from 50 to 83% in reported series 
(Table 7-2). Solomon and McLeod41 reviewed the literature 
and pooled raw data were collected from eight published 
cross-sectional surveys assessing the degree of tumor pen-
etration in 873 patients and lymph node involvement in 571 
patients with primary rectal cancer. As previously noted, 
ERUS was very accurate in determining tumor penetra-
tion (k = 0.85), but only a moderate correlation was found 
between ERUS and histopathology for detecting lymph node 
involvement (k = 0.58). Furthermore, the positive predictive 
value was 74% with a negative predictive value (NPV) of 
84%, indicating only moderate accuracy among the included 
series.

Puli et al.18 recently conducted a meta-analysis and 
 systematic review to determine the accuracy of ERUS in 
determining lymph node invasion of rectal cancers. Only 
ERUS confirmed by surgical histology were selected. Data 

Figure 7-8. A typical metastatic lymph node A, which is round 
and hypoechoic.
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were extracted from 35 studies (N = 2,732) that met the study 
inclusion criteria. The meta-analysis demonstrated moder-
ate sensitivity and specificity. Pooled sensitivity of ERUS in 
determining nodal involvement by rectal cancer was 73.2% 
with a pooled specificity of 75.8%. The positive likelihood 
ratio of ERUS was 2.84 (95% CI 2.16–3.72) and the  negative 
likelihood ratio was 0.42 (95% CI 0.32–0.52). The posi-
tive likelihood ratio of a diagnostic test measures how well 
the test correctly identifies a disease state. The higher the 
positive likelihood ratio, the more likely the diagnostic test 
will correctly identify the true disease state. Contrarily, the 
negative likelihood ratio of a diagnostic test measures how 
well the test correctly excludes a disease state. The lower 
the negative likelihood ratio, the better the diagnostic test’s 
ability to exclude a disease state. ERUS has a low negative 
likelihood ratio but the positive likelihood ratio is modest. 
Therefore, based on this meta-analysis, ERUS can better 
exclude nodal invasion by rectal cancer than confirm nodal 
invasion. In other words, one would be more confident in a 
negative (nodal invasion absent) diagnosis than a positive 
(nodal invasion present) diagnosis.

There is a significant learning curve associated with the 
performance and interpretation of ERUS. Accuracy rates 
have been demonstrated to improve significantly with expe-
rience.35 ERUS is highly operator dependent and thus accu-
racy is dependent on the experience and expertise of the 
examiner.7,33

Several factors can lead to the misinterpretation of ERUS 
images.42,43 These factors include a lesion in close proximity 
to the anal verge, improper balloon inflation with associated 
balloon-wall separation, a nonperpendicular imaging plane, 
shadowing artifacts caused by air or stool, reverberation 
artifacts, refraction artifacts, and a transducer gain setting 

that is too high.42 A technically difficult ERUS is likely to 
give an inconclusive or inaccurate result.43 Factors causing 
technical difficulties include stenotic lesions, patient dis-
comfort, poor bowel preparation, and scarring from previ-
ous surgery.43

Postbiopsy and postsurgical changes, hemorrhage, and 
bulky or pedunculated tumors can cause changes in the 
ultrasound image significantly affecting the accuracy of the 
ERUS interpretation.44

The accuracy of ERUS after neoadjuvant therapy is 
decreased for both depth of penetration and nodal status.45–50 
Radiation therapy can significantly downstage tumors and 
may in fact leave no residual tumor within the pathologic 
specimen. In fact, up to 24% of patients treated with preoper-
ative radiation therapy have a complete pathologic response 
with no evidence of residual tumor.51 Radiation therapy can 
cause tissue edema and fibrosis of the rectal lesion mak-
ing ERUS interpretation difficult. One cannot accurately 
 distinguish radiation-induced changes from residual tumor. 
In contrast with the disappointing accuracy of ERUS for both 
T and N staging, the NPV is relatively high (81–82%) in sev-
eral series.45,47,48,52 ERUS may allow good prediction of node-
negative rectal cancers.47,48 This may be helpful when local 
therapy may be considered for a patient after preoperative 
chemoradiation. Typically, ERUS is felt to be inaccurate and 
unreliable after radiation therapy, and is not recommended.

Postoperative Follow-Up

Local recurrence continues to be a difficult problem in the 
treatment of rectal cancer. Overall, local recurrence rates have 
been reported between 4 and 30% after curative rectal cancer 
surgery. More than 50% of patients will have local recurrence 

Table 7-2. Accuracy of ERUS in the staging of rectal cancer

Author Year n
Accuracy (%)  

T stage
Accuracy (%) 

N stage

Hildebrandt and Feifel3 1985 25 92 n/a
Saitoh et al.30 1986 88 90 75
Holdsworth et al.31 1988 36 86 61
Beynon et al.32 1989 100 93 83
Rifkin et al.12 1989 102 65 50
Glaser et al.33 1990 86 88 79
Jochem et al.34 1990 50 80 73
Milsom and Graffner14 1990 52 83 83
Orrom et al.35 1990 77 75 82
Katsura et al.26 1992 112 92 n/a
Glaser et al.36 1993 154 92 81
Herzog et al.37 1993 118 89 80
Deen et al.6 1995 209 82 77
Akasu et al.27 1997 152 82 76
Adams et al.38 1999 70 74 83
Kim et al.21 1999 89 81 64
Garcia-Aguilar et al.7 2002 545 69 64
Marusch et al.39 2002 422 63 n/a
Kauer et al.40 2004 458 69 68
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only at the surgical site without distant  metastases.53,54 Even 
with newer adjuvant therapies available, surgical resection 
remains the best chance of cure for the patient with isolated 
local recurrence. Clearly, early detection of local recurrence 
is important and follow-up programs should be directed at 
this goal in order to be successful. ERUS may be used in 
a variety of settings for surveillance purposes after surgery 
for rectal cancer. When used in combination with a digi-
tal rectal examination and endoscopic surveillance, ERUS 
may significantly improve the sensitivity of detecting recur-
rent lesions.55–57 ERUS may improve the ability to diagnose 
recurrent neoplasm by as much as 30%.58 In a series studying 
ERUS as a means to identify local recurrence, overall local 
recurrence ranged from 11 to 20% with the proportion of 
local recurrences diagnosed exclusively by ERUS varying 
from 18 to 35%.57–59 These ERUS-only recurrences represent 
only 3.2–5% of the entire group of patients. The University 
of Minnesota group presented similar results although the 
impact on overall survival is unclear.56

Although local recurrence can occur within the lumen at 
the anastomosis, locally recurrent tumors more often extend 
from extrarectal lesions that invade through the rectum, 
often at the level of an anastomosis. Extrarectal tumor not 
involving the mucosa may be undetectable endoscopically 
but can be identified at an early stage with ERUS. Recurrent 
tumor appears as a circumscribed hypoechoic lesion in the 
para-anastomotic tissues with all or a portion of the rectal 
wall intact on the inner, luminal aspect (Figure 7-9). Early 
postoperative changes, particularly adjacent to the anasto-
mosis, can make the interpretation of the ERUS difficult. 
Interpretation is aided if a “baseline” ultrasound is obtained 
soon (3 months) after surgery and compared with subse-
quent surveillance images. A baseline examination is useful 
to document postoperative scarring and to evaluate that area 
for potential changes on serial examinations. Lesions that 
increase in size on subsequent examinations are more likely 
to represent recurrent tumor. Because ERUS cannot establish 
that a lesion is malignant with absolute certainty, a biopsy 
of suspicious lesions is recommended to confirm recurrent 
disease.60 Biopsies may be performed by ultrasound-guided 
biopsy or computed tomography scan-guided biopsy.

The optimal interval and length of time for serial follow-
up ERUS examinations have not been determined. Because 
most recurrences present within the first 2 years after sur-
gery, more intensive follow-up is justified during this period. 
Imaging every 3–4 months for the first 2–3 years may be 
appropriate with less frequent, every 6-month evaluations 
until 5 years.

Comparison of Endorectal Ultrasound, Computed 
Tomography, and Magnetic Resonance Imaging

In a meta-analysis by Kwok et al.16 ERUS, CT, and MRI 
were evaluated as preoperative staging modalities in rectal 
cancer. In his evaluation of ERUS, Kwok found an overall 

accuracy rate of 87% (sensitivity, 93%; specificity, 78%) for 
depth of penetration. Nodal status demonstrated a pooled 
accuracy rate of 74% (sensitivity, 71%; specificity, 76%). 
Among those cases staged by TNM classification, 11% were 
overstaged and 5% were understaged.

In his evaluation of CT, the overall accuracy for depth of 
penetration was found to be 73% (sensitivity, 78%; speci-
ficity, 63%).16 Nodal status was accurately assessed 66% of 
the time (sensitivity, 52%; specificity, 78%). Of those staged 
by TNM classification, 13% were overstaged and 7% were 
understaged.

With respect to MRI, the accuracy of all MRI modali-
ties for depth of penetration was 82% (sensitivity, 86%; 
 specificity, 77%).16 Nodal involvement accuracy for MRI 
was 74% (sensitivity, 65%; specificity 80%). Of those cases 
staged by TNM classification, 13% were overstaged and 
13% understaged. Subgroup analysis found that MRI with an 
endorectal coil was equivalent to ERUS for depth of penetra-
tion with an overall accuracy rate of 84% (sensitivity, 89%; 
specificity, 79%). Overall accuracy for nodal status was 82% 
(sensitivity, 82%; specificity; 83%).

In another meta-analysis, Bipat et al.20 also compared 
ERUS, CT, and MRI in rectal cancer staging. In this review, 
duplicate studies were excluded. Studies with the most 
details or the most patients were included. For muscularis 
propria invasion, ERUS and MRI had similar sensitivities; 
specificity of ERUS (86%) was significantly higher than 

Figure 7-9. A recurrent rectal cancer. It is located in the left lateral 
rectal wall. Note the intact inner three lines A on the ultrasound 
image, indicating no involvement of the mucosa or submucosa but 
an obvious abnormality at the level of the muscularis propria B, 
representing the recurrence.
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that of MRI (69%) (P = 0.02). For perirectal tissue invasion, 
sensitivity of ERUS (90%) was significantly higher than 
that of CT (79%) (P < 0.001) and MRI (82%) (P = 0.003); 
 specificities were comparable. For adjacent organ invasion 
and lymph node involvement, sensitivities and specificities 
for ERUS, CT, and MRI were comparable.

In the most recent comparative study, Dinter et al.22 evalu-
ated ERUS, hydro-CT, and high-resolution endorectal MRI 
in the preoperative staging of rectal cancer. A total of 23 
patients with histologically proven rectal cancer underwent 
all examinations followed by surgery. All modalities dem-
onstrated correct depth of penetration in 19 of 23 patients 
(83%). Lymph node staging was correctly determined by 
ERUS in 19 of 23 patients (83%). Hydro-CT correctly staged 
lymph nodes in 20 of 23 patients (87%) with endorectal MRI 
correctly staging 19 of 23 (83%). Only two previous studies 
have compared ERUS, endorectal MRI, and CT.21,61 These 
older studies may have been limited by the available equip-
ment. In the study by Kim et al.21 CT was performed with a 
helical single detector scanner with 10-mm slice thickness as 
compared to a multidetector spiral CT. In Meyenberger’s61 
study, only a limited number of patients were evaluated 
with all methods: 32 patients underwent ERUS, 16 patients 
underwent CT, 9 MRI, and only 5 endorectal MRI. Overall 
accuracy of the Dinter et al.22 study was comparable to that 
of Kim et al.21 In lymph node staging, the results were bet-
ter in all modalities when compared to those of Kim et al.21 
with ERUS accuracy of 83% vs. 63.5%, CT 87% vs. 56.5%, 
and MRI 83% vs. 78.5%.22 Although only a limited number 
of patients were examined, the Dinter et al.22 study indicates 
that improved results may be attainable as a result of better 
technical equipment.

Endoanal Ultrasound

EAUS is useful in the evaluation of the anal canal in both 
benign and malignant disease. The anal sphincter anatomy 
can be clearly identified detecting abnormalities in the 
 external and/or internal sphincter. EAUS is routinely used in 
the evaluation of fecal incontinence and may be particularly 
useful in the evaluation of complex perianal abscesses and 
fistulas. EAUS is also useful in the evaluation of anal canal 
neoplasms accurately staging these lesions.

Equipment and Technique

The equipment used for EAUS is similar to that used for 
ERUS. The same B-K scanner is used with the 1850 rotating 
probe and 10-MHz transducer (B-K Medical). In place of the 
latex balloon, a translucent plastic cap (B-K type WA0453) 
is placed over the transducer to maintain contact with the 
anal canal. The plastic cap is again filled with water to pro-
vide the acoustic medium. There is a pinhole in the apex 

of the plastic cap that permits the escape of any air through 
displacement of the space with water.

The examination technique for EAUS is similar to that 
of ERUS. Patients are examined in the left lateral decubitus 
position, again usually without sedation. A careful external 
examination of the perianal area followed by a digital rec-
tal examination is performed. The probe is lubricated with a 
water-soluble gel and gently inserted into the anal canal until 
the plastic cap is no longer visible. This will usually ensure 
that the transducer is at the level of the upper anal canal. The 
probe is slowly withdrawn to image the full length of the anal 
canal. Images are typically obtained in the upper, mid, and 
distal anal canal. In most instances, patients can be reassured 
that the examination should cause no more discomfort than a 
digital rectal examination. Certain instances of complex ano-
rectal sepsis may be painful and require examination under 
anesthesia to adequately image the patient with EAUS.

Image Interpretation

Normal anal canal anatomy is well visualized with EAUS. 
As with the rectum, the interpretation of these images must 
be based on a precise definition of normal endosonographic 
anatomy of the anal canal that correlates well with anatomy. 
EAUS of the anal canal and pelvic floor have been corre-
lated with cadaveric anatomic dissections.62 The ultrasono-
graphic anatomy of the anal canal is generally divided into 
three levels: the upper, mid, and distal anal canal. Each level 
has a different appearance on EAUS. The upper anal canal is 
illustrated in Figure 7-10. The puborectalis is an important 

Figure 7-10. The ultrasound appearance of the upper anal canal at the 
level of the puborectalis, which can be seen as the hyperechoic U-shaped 
structure seen posteriorly and laterally (arrows) in this image.
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landmark delineating the upper anal canal. The puborectalis 
is imaged as a horseshoe-shaped mixed echogenic structure 
forming the lateral and posterior portion of the upper anal 
canal.

The mid-anal canal is illustrated in Figure 7-11. Within the 
mid-anal canal, the internal anal sphincter is represented by a 
hypoechoic band surrounded by the hyperechoic external anal 
sphincter. Between the transducer and the internal anal sphinc-
ter is an additional hyperechoic ring of variable thickness rep-
resenting the epithelial, hemorrhoidal, and submucosal tissue. 
Perineal body measurements can be made at the level of the 
mid-anal canal (Figure 7-12). With the probe positioned within 
the mid-anal canal, the right index finger is placed within the 
vagina against the rectovaginal septum and ultrasound probe. 
The distance between the hyperechoic ultrasound reflection 
of the finger and the inner aspect of the internal anal sphinc-
ter may be measured and represents the perineal body thick-
ness. Normal measurements for perineal body thickness range 
from 10 to 15 mm, with a lower limit of normal considered 
to be approximately 8 mm. This measurement is useful in the 
evaluation of women with fecal incontinence from anterior 
sphincter defects. The examining index finger not only bet-
ter defines the perineal body but may accentuate an anterior 
sphincter defect that may otherwise appear intact.

The distal anal canal is illustrated in Figure 7-13. The dis-
tal anal canal is defined as the point where the internal anal 
sphincter is no longer seen. Only the hyperechoic external 
anal sphincter and surrounding soft tissues are visualized.

Figure 7-11. The characteristic appearance of the mid-anal canal. 
The circular hypoechoic structure represents the internal anal 
sphincter A, surrounded by the thicker hyperechoic circumferential 
external anal sphincter B.

Figure 7-12. The technique used to measure the anterior perineal 
body in a female patient. The examiner’s finger is placed in the 
vagina, and the hyperechoic curvilinear structure A seen ante-
riorly delineates the examiner’s finger. The two cross-hatches 
between the examiner’s finger and the transducer measure the 
thickness of the perineal body in this intact sphincter at the mid-
anal canal level.

Figure 7-13. The distal anal canal below the inferior level of the 
internal sphincter, where only the hyperechoic circumferential 
fibers of the superficial external anal sphincter A are imaged.
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Evaluation of Fecal Incontinence

EAUS has an important role in the evaluation of fecal incon-
tinence, accurately delineating anal sphincter anatomy.63–65 
Causes of anal sphincter defects include obstetric injuries, 
anorectal surgeries, traumatic injuries, and congenital abnor-
malities.

Fecal incontinence is eight times more frequent in women,66 
the most common cause being obstetric trauma leading to 
injury of the anal sphincter muscles or traction neuropathy 
involving the pudendal nerve.66–68 Although anal sphincter 
injury identified during delivery does not lead to significant 
deterioration in sphincter function immediately, it is sus-
pected to lead to fecal incontinence in approximately 40% 
of women in long-term follow-up despite primary sphincter 
repair.69–71 Anal incontinence is not restricted to patients with 
recognized third- or fourth-degree obstetric tears. Patients 
may also develop delayed symptoms of incontinence sev-
eral years after an unrecognized sphincter injury.72 The 
introduction of EAUS has led to the recognition of unsus-
pected sphincter defects in asymptomatic, continent women 
thought to have normal perineums.73–76 Traumatic sphincter 
disruption can frequently be associated with a subsequent 
rectovaginal fistula. These patients may be anally continent 
but have symptoms of fecal incontinence associated with the 
fistula. Because these patients may have an unrecognized 
anal sphincter defect, all patients with rectovaginal fistula 
should undergo preoperative evaluation for occult sphincter 
defects by EAUS.77 Local tissues are inadequate for endorec-
tal advancement flap repairs in patients with anal sphincter 
defects and these patients should be treated by sphinctero-
plasty with levatoroplasty.77 EAUS has become an accurate 
method to image the anal sphincters identifying anal sphinc-
ter defects that result in fecal incontinence.68,78–80

EAUS has become the best modality to accurately demon-
strate the anatomy of the anal canal as well as anal sphincter 
defects that contribute to fecal incontinence.65 Defects in the 
external anal sphincter usually appear hypoechoic, although 
some may appear hyperechoic or demonstrate mixed echoge-
nicity. Defects of the internal anal sphincter are represented 
by the lack of segment of the hypoechoic band of internal 
sphincter muscle. There is usually associated contralateral 
thickening of the hypoechoic internal anal sphincter. With 
complete sphincter disruption, EAUS demonstrates the ends 
of the internal and external anal sphincter widely separated 
and bridged with intervening scar tissue of variable echoge-
nicity (Figure 7-14). Many times, complete sphincter disrup-
tion is not seen, but attenuation of the sphincter mechanism 
is noted anteriorly, indicating a significant partial sphincter 
defect. An examining digit81,82 or vaginal balloon81 used to 
measure the perineal body distance in the mid-anal canal can 
accentuate an anterior sphincter defect, helping to identify a 
sphincter injury (Figure 7-15).

Other causes of anatomic anal sphincter defects include 
anorectal trauma or surgery and congenital anomalies. 

Figure 7-14. A complete anterior sphincter disruption in a female 
patient. The hypoechoic internal anal sphincter can be seen com-
pletely disrupted in its anterior location (A arrows). Similarly, the 
hyperechoic external anal sphincter is completely disrupted anteri-
orly (B arrows).

Figure 7-15. The measurement of the anterior perineal body in 
this patient with an anterior sphincter disruption. The curvilinear 
hyperechoic structure A is the examiner’s finger in the vagina. This 
technique can often accentuate the defect B seen in the internal 
anal sphincter and the external anal sphincter, and documents the 
decreased thickness of the anterior sphincter and perineal body.
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Blunt or penetrating trauma to the perineum may involve 
the sphincter mechanism. Management often includes fecal 
diversion, and debridement of the associated perineal soft 
tissues. After the perineal wound has healed, EAUS may be 
used to assess anal sphincter anatomy to determine if sphinc-
ter reconstruction is necessary before colostomy closure.

Patients undergoing anorectal surgery may experience 
transient minor incontinence in the early postoperative 
period, which usually resolves spontaneously. Patients who 
have persistent symptoms of incontinence may warrant 
evaluation. EAUS provides an objective means to evaluate 
the anal sphincter mechanism in patients with postoperative 
fecal incontinence after anorectal surgery such as hemor-
rhoidectomy, fistulotomy, lateral internal sphincterotomy, or 
sphincteroplasty.

The surgical correction of congenital anorectal anomalies 
is based on reconstituting the anatomy of the anorectum. The 
goal of posterior sagittal anorectoplasty (PSARP) is to place 
the bowel within the striated muscle complex of the leva-
tor ani and external anal sphincter.83 EAUS has been used to 
accurately confirm the position of the neo-anus within the 
anal sphincter complex comparing favorably with MRI.84 
EAUS in fact provided greater detail of the anal muscles than 
MRI and had better correlation with direct perineal muscle 
stimulation.84 Adult patients who present with severe fecal 
incontinence after previous surgical repair of a congenital 
anorectal malformation can undergo successful PSARP.85 
Usually, the existing anus is anterior to the sphincteric mus-
cle complex.85 An EAUS can be performed to help define the 
relationship of the anus to the sphincteric mechanism. In a 
recent study, Emblem et al.86 correlated the endosonographic 
appearance of the anal sphincter with functional results after 
operative treatment of anorectal malformations demonstrat-
ing EAUS may be used to study the results after different 
surgical techniques for anorectal malformations.

The identification of localized sphincter defects is impor-
tant in the evaluation of the incontinent patient, because 
these defects may be amenable to surgical repair. EAUS can 
clearly and objectively image the anal sphincter mechanism 
and has replaced needle electromyography as the procedure 
of choice for anal sphincter mapping.65 EAUS is better toler-
ated and less painful than needle electromyography sphincter 
mapping. Anorectal manometry and pudendal nerve terminal 
motor latency testing are complementary but do not defini-
tively correlate with a surgically correctable defect.68,75,76,87,88 
EAUS remains the definitive test that can identify a surgi-
cally correctable defect in a symptomatic patient with fecal 
incontinence.

Evaluation of Perianal Sepsis  
and Fistula-In-Ano

Typically, the diagnosis of a perianal or perirectal abscess 
is quite apparent on physical examination and only requires 
proper identification and prompt drainage. Occasionally, 

an abscess is strongly suspected on clinical grounds but 
is not readily identified on physical examination. In these 
situations, an EAUS may be useful in the evaluation of 
perianal or perirectal abscesses. EAUS can be helpful to 
localize an obscure abscess to plan the appropriate surgical 
intervention.

Often, clinical examination of perianal or perirectal 
abscesses is quite painful and examination under anesthesia 
is required. Because the ultrasound equipment is portable, 
the EAUS examination can be performed in the operating 
room while the patient is anesthetized. Abscesses appear as 
hypoechoic areas often surrounded by a hyperechoic border. 
In patients with perianal Crohn’s disease, EAUS may be use-
ful in distinguishing discrete abscesses that require surgical 
drainage from inflammation that requires medical treatment. 
The use of EAUS has also been evaluated in patients with 
ileoanal pouch anastomosis and can be helpful in demon-
strating pouch pathology including inflammation, abscesses, 
and fistulas.89

The natural history of a drained perianal/rectal abscess is 
either complete resolution or fistula formation. The majority 
of fistulas that occur are simple intersphincteric fistulas that 
are easily identified and treated by simple unroofing. How-
ever, occasionally fistula tracts develop that are extensive and 
highly complex. These complex fistulas present a diagnostic 
challenge to even the most experienced colon and rectal sur-
geon. Use of EAUS can be helpful in identification of fistu-
lous communications in patients with complex and recurrent 
fistula-in-ano.90–92 Fistula tracts are generally hypoechoic 
defects that can be followed to identify direction and extent. 
The anatomic details of the fistula tract can be delineated in 
relation to the anal sphincter. The EAUS examination should 
include the anal canal and distal rectum to search for the pres-
ence of high blind tracts. Hydrogen peroxide has been used 
to enhance the imaging of complex fistula.93–96 Hydrogen per-
oxide causes a release of oxygen, accentuating the fistula and 
appears as a brightly hyperechoic image on the ultrasound 
image. With the instillation of hydrogen peroxide the inter-
nal opening is identified in 62.5–94% of patients.93,96–99 Lack 
of the use of hydrogen peroxide result in suboptimal results 
as is reflected in a recent meta-analysis.100 An example of a 
fistula-in-ano with hydrogen peroxide enhancement is dem-
onstrated in Figure 7-16. When evaluating an anal fistula 
with ERUS, it is important to use both the balloon-covered 
transducer to evaluate the perirectal region to assess for any 
supralevator extension as well as the plastic cap for evalua-
tion of the anus and surrounding anatomy.

Anal Canal Neoplasms

Endoanal ultrasonography images the normal anal canal 
and associated pathologies quite well. EAUS can have an 
important role in the evaluation of benign and malignant anal 
canal neoplasms. The normal anatomic structures are clearly 
defined and any changes in the normal anatomy and their 
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relationships with specific anatomic structures are clearly 
defined. Benign neoplasms such as lipomas and leiomyomas 
can be demonstrated along with their relationship to adjacent 
anal canal structures. Lesions within the anal canal appear 
as hypoechoic areas. Tissue diagnosis may be obtained with 
ultrasound-directed needle biopsies when desired.

Anal canal malignancies are an uncommon cancer in the 
gastrointestinal tract. Diagnosis requires appropriate clinical 
evaluation and histologic confirmation by tissue biopsy. Anal 
canal malignancies evaluated by EAUS include leiomyosar-
comas, malignant melanomas, anal canal adenocarcinomas, 
and squamous cell carcinomas. Squamous cell or epidermoid 
carcinomas of the anal canal are the most common anal canal 
malignancy. EAUS can be used in the initial evaluation to 
stage the lesion as well as in follow-up for patients with 
squamous cell carcinoma of the anal canal.101–104 Because 
squamous cell carcinomas of the anus are primarily treated 
nonoperatively with combined chemoradiation therapy; it 
is desirable to have an accurate method of staging to assess 
response to multimodality therapy. EAUS accurately stages 
the initial tumor and can be used in follow-up to detect resid-
ual tumors as well as early recurrences after treatment. Sur-
gical treatment in the form of abdominoperineal resection is 
reserved as salvage surgery for those patients who fail stan-
dard chemoradiation therapy.

Although clinical (digital) examination is important in the 
assessment of squamous cell carcinoma of the anus, EAUS 
is more precise in accurately measuring the actual size and 

circumferential involvement of the lesion. EAUS staging 
(uTNM) of anal cancers corresponds to the TNM [UICC 
(International Union Against Cancer)] staging (Table 7-3).105 
Tumor staging for anal cancer depends primarily on the maxi-
mal tumor diameter, which is accurately measured by EAUS. 
Additionally, the depth of invasion of the lesion can be mea-
sured in relationship to the sphincter mechanism. The extent 
of sphincter involvement can be determined and other staging 
systems stage these lesions based on depth of invasion.104,106 
One such staging system is depicted in Table 7-4.106 The 
evaluation of squamous cell carcinomas of the anus should 
include an evaluation of the rectum with ERUS to determine 
the presence of metastatic lymph nodes within the mesorec-
tum. The mesorectum as well as the anal canal can also be 
evaluated in follow-up after treatment. Any suspicious areas 
detected during follow-up may be biopsied if necessary.

Three-Dimensional Ultrasound

Three-dimensional ultrasound allows for multiplanar imag-
ing of both the rectum and the anal canal. This new tech-
nology is currently being evaluated to compare its efficacy 

Figure 7-16. A fistula-in-ano that has been enhanced by the intro-
duction of hydrogen peroxide. The hyperechoic features posteri-
orly represent the hydrogen peroxide within the fistula tract (short 
arrows). There is an obvious hypoechoic defect in the internal anal 
sphincter in the midline posteriorly A, representing the internal fis-
tula opening. The hypoechoic horseshoe tract can be seen extend-
ing toward the patient’s left.

Table 7-3. Ultrasound staging classification (uTNM) for anal canal 
cancer

Primary tumor (T)
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor 2 cm or less in greatest dimension
T2 Tumor more than 2 cm but no more than 5 cm in greatest 

dimension
T3 Tumor more than 5 cm in greatest dimension
T4 Tumor of any size that invades an adjacent organ(s), e.g., 

vagina, urethra, bladder (involvement of the sphincter 
muscle(s) alone is not classified as T4)

Regional lymph nodes (N)
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in perirectal lymph node(s)
N2 Metastasis in unilateral internal iliac and/or inguinal 

lymph node(s)
N3 Metastasis in perirectal and inguinal lymph nodes and/or 

bilateral internal iliac and/or inguinal lymph nodes
Distant metastasis
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Table 7-4. Ultrasound staging classification by depth of invasion 
(uTNM) for anal canal cancer

uT1 Tumor confined to the submucosa
uT2a Tumor invades only the internal anal sphincter
uT2b Tumor penetrates into the external anal sphincter
uT3 Tumor invades through the sphincter complex and into the 

perianal tissues
uT4 Tumor invades adjacent structures
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relative to conventional two-dimensional ultrasound as well 
as to other modalities such as MRI. Three-dimensional ultra-
sound can be used to assess anal fistulous tracts, to evaluate 
anal sphincter injury, as well as to stage both rectal and anal 
tumors. An example of a three-dimensional ERUS image 
(3D-ERUS) of a rectal cancer is shown in Figure 7-17.

Hunerbein et al.107 compared standard two-dimensional 
ultrasound with 3D-ERUS and endorectal MRI and 
reported accuracy rates for depth of penetration by rectal 
cancer of 84, 88, and 91%, respectively. Because of the 
small sample size, these differences were not statistically 
significant. However, they believed that the additional 
scan planes improved the understanding of three-dimen-
sional imaging and facilitated interpretation of the find-
ings. In a recent study, Kim et al.108 reported that 3D ERUS 
showed greater accuracy than 2D ERUS or CT in rectal 
cancer staging and lymph node metastases. The accu-
racy for T-staging was 78% for 3D ERUS vs. 69% for 2D 
ERUS and 57% for CT (P < 0.001–0.002). Accuracy for 
lymph node metastases was 65, 56, and 53%, respectively 
(P < 0.0001–0.006).

Three-dimensional EAUS has also been applied to benign 
anal disorders such as anal sphincter injury and anal fistula 
assessment. Several comparative studies have been reported 
evaluating its efficacy and comparing 3D-EAUS with MRI. 
West et al.109 reported that 3D-EAUS and endoanal MRI 
were comparable for detecting external sphincter defects. 

Gold et al.110 determined that 3D-EAUS revealed a direct 
relationship between the length of a sphincter tear and its 
radial extent. In addition, they demonstrated marked gen-
der differences in anal sphincter configuration using three-
dimensional ultrasound imaging. In the evaluation of anal 
fistula tracts, West et al.111 reported equivalency between 
3D-EAUS and endoanal MRI for the evaluation of anal fis-
tula tracts. In a study by Buchanan et al.112 3D-EAUS was 
found to be very accurate in the assessment of both the inter-
nal opening and the primary tract of an anal fistula. They 
reported an accuracy of 90% in identifying the internal open-
ing and an accuracy of 81% in delineating the primary tract. 
Three-dimensional EAUS was less accurate (68%) in iden-
tifying secondary tracts or extensions. In their study, the use 
of hydrogen peroxide did not increase the accuracy but in 
some instances it did make the tract and internal opening 
more conspicuous.

Summary

Endoluminal ultrasound has been shown to be extremely 
useful in the evaluation and management of many benign 
and malignant anorectal conditions. ERUS has become the 
best imaging technique to accurately stage rectal cancers and 
anal canal tumors preoperatively. Moreover, ERUS can have 
a role in the follow-up evaluation of these patients. EAUS is 
the diagnostic test of choice in the evaluation of fecal incon-
tinence and is used routinely. The EAUS has also been used 
to help define complex anal fistulas to facilitate their man-
agement. The accuracy of diagnosis is operator dependent 
and improves with experience. Endoluminal ultrasound has 
made a major contribution to the understanding and man-
agement of many anorectal conditions. Three-dimensional 
ultrasound may prove to be advantageous but requires fur-
ther study.
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8
Preoperative Management
Janice F. Rafferty

Risk Assessment and Management

Preoperative management of a patient who requires surgery 
of the colon, rectum, or anus mandates thoughtful consider-
ation of associated conditions that may result in periopera-
tive morbidity and mortality. Understanding risks associated 
with certain comorbid conditions and disease processes 
allows the surgeon to stratify patients into risk categories, 
manage them appropriately, and improve short- and long-
term outcomes.

Ambulatory Surgery

“Ambulatory surgery” is defined as surgical procedures 
requiring at least local anesthesia, which are more complex 
than office-based procedures but less complex than operations 
requiring at least an overnight stay.1 Approximately 90% of 
anorectal surgery to treat fissures, condyloma, fistulas, certain 
early tumors, hemorrhoids, and pilonidal disease may be suit-
able for the ambulatory setting.2,3 The Standards Committee of 
the American Society of Colon and Rectal Surgeons (ASCRS) 
has developed a Clinical Practice Guideline about Ambulatory 
Anorectal Surgery, for practitioners and health care workers, 
to provide current information from the literature upon which 
decisions can be made.4 Data from many nonrandomized tri-
als suggest that most patients with American Society of Anes-
thesiology (ASA) Classifications I and II, and some Class III 
are suitable for ambulatory surgery from an anesthesia risk 
standpoint. However, multiple factors must be considered to 
determine whether this is appropriate,5 including the estima-
tion of the magnitude of the operation, type of anesthesia, 
patient compliance, distance of the patient’s home from the 
surgical center, and availability of support once home.4

In general, the need for bloodwork, electrocardiogram •	
(EKG), and other investigations of the ambulatory surgery 
patient can be predicted by information obtained with a thor-
ough history and physical exam.6 In fact routine preoperative 

testing is rarely helpful except in monitoring of established 
patient diseases. One study described 5,003 preoperative 
screening tests that revealed only 225 abnormal results. 
Slightly more than 100 tests were of potential importance 
and the plan for surgery was changed in only 17 cases. The 
authors concluded that only four patients derived true benefit 
from preoperative screening tests.7 From studies such as this 
and others, 8,9 we can conclude that screening tests should be 
replaced by directed testing, and a thoughtful and thorough 
history and exam are the most important tools available to the 
surgeon in determining a patient’s risk for outpatient surgery.

Inpatient Surgery

Objective assessment of patient risk for inpatient colorec-
tal surgery is necessary for informed consent and favorable 
surgical outcome. Scoring systems have been developed to 
help differentiate those who are at high risk for periopera-
tive complication from those who are not. Scoring systems 
can be classified as preoperative or physiologic (Table 8-1).10 
Some are specific to colon and rectal surgery.11–13

Cardiac Risk

The Goldman risk model determines cardiac risk for sur-
gery.14 Point scores are assigned to each of nine clinical fac-
tors; patients are divided into four risk classes based on the 
total point score (Table 8-2). Although the system is easy 
to use and utilizes relative weighting of risk factors, it was 
designed in the 1970s and has not been updated for modern 
practice in anesthesia, medicine, or surgery.

Respiratory Risk

The risk for perioperative respiratory complications can be 
gauged by combining findings on chest examination, chest 
X-ray, Goldman’s cardiac risk index, and the  Charlson comor-
bidity index.15 Risk reduction strategies initiated preoperatively, 
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such as smoking cessation, lung expansion teaching, chronic 
obstructive pulmonary disease (COPD) treatments, and 
asthmatic treatments may positively influence outcome after 
surgery.16

American Society of Anesthesiologists  
Classification

The American Society of Anesthesiologists (ASA) classi-
fication system (Table 8-3) was initially developed to alert 
anesthesiologists to preexisting diseases. It has also been 
used to estimate operative risk,17 and correlates directly with 
perioperative mortality and morbidity. This classification 
scheme also correlates with perioperative variables such as 
intraoperative blood loss, duration of postoperative ventila-
tion, and duration of intensive care unit (ICU) stay.18 The 
disadvantages to using the ASA score are that it depends on 
the subjective opinion of the attending anesthesiologist, and 
because of small numbers of groups available there can be 

little meaningful comparison between different surgeons or 
institutions.

Nutritional Assessment

Abdominal surgery induces a catabolic response with stress 
hormone release and insulin resistance; therefore, nutritional 
parameters should be evaluated in certain chronically ill 
patients before surgery. Protein catabolism may be accentu-
ated by prolonged fasting and bowel preparation. Increased 
nutritional risk can influence postoperative morbidity and 
mortality19,20 and anastomotic leak rates.21 The prognostic 
nutritional index (PNI) was devised in the 1970s to predict 
complications such as sepsis and death after surgery.22 The 
PNI evaluates four factors to predict complications (serum 
albumin, transferrin, triceps skinfold thickness, and cutane-
ous delayed-type hypersensitivity), but only albumin, trans-
ferrin, and delayed hypersensitivity are accurate predictors 
of postoperative morbidity and mortality. This index can 
theoretically be used to identify patients who may benefit 
from nutritional support in the perioperative period.

Acute Physiology and Chronic Health Evaluation 
Scoring Systems

The Acute Physiology and Chronic Health Evaluation 
(APACHE) scoring system was initially designed to assess 
risk for ICU patients, but has been extended to assess patients 
with severe trauma, abdominal sepsis, postoperative entero-
cutaneous fistulas, and acute pancreatitis and to predict post-
operative outcome.23 Scoring for emergency patients being 
admitted to the ICU is best performed before surgical inter-
vention.24 This index does not take into consideration the 
nutritional status of the patient, extent of surgery, or cardio-
vascular findings that add to operative risk. Several simpler 
scoring systems have been developed from the APACHE 
system, including simplified acute physiology score (SAPS), 
which uses 14 of the 34 variables, and SAPS II, which also 
takes into consideration the urgency of the procedure and 
any associated chronic medical illness.25

Physiological and Operative Severity Score  
for Enumeration of Mortality and Mortality

The Physiological and Operative Severity Score for enU-
meration of Mortality and morbidity (POSSUM) calcu-
lates expected death and expected morbidity rates based on  

Table 8-2. Goldman cardiac risk index

Cardiac risk event Points

Myocardial infarction within 6 months 10
Age >70 years 5
S3 gallop or jugular venous distension 11
Important aortic valve stenosis 3
Rhythm other than sinus, or sinus rhythm and atrial 

premature contractions on last preoperative 
 electrocardiogram

7

More than five premature ventricular contractions per 
minute anytime before surgery

7

Poor general medical status 3
Intraperitoneal, intrathoracic, or aortic operation 3
Emergency operation 4

Class Points
Life-threatening  

complication risk (%)
Cardiac death  

risk (%)

I 0–5 0.7 0.2
II 6–12   5 2
III 3–25  11 2
IV ³26  22 56

Table 8-3. American Society of Anesthesia classification

I Normal healthy patient
II Mild systemic disease
III Severe, noncapacitating systemic disease
IV Incapacitating systemic disease, threatening life
V Moribund, not expected to survive 24 h
E Emergency

Table 8-1. Operative scoring system

Preoperative Physiologic

ASA grade APACHE (I and II)
Goldman cardiac risk index SAPS
Pulmonary complication risk Sickness score
Prognostic nutritional index POSSUM
Hospital prognostic index P-POSSUM

Sepsis score
Therapeutic intervention score

APACHE acute physiology and chronic health evaluation, POSSUM physi-
ological and operative severity score for enumeration of mortality and mor-
bidity, SAPS simplified acute physiology score, and ASA American Society 
of Anesthesia.
Adapted from Kiran RP, Delaney CP, Senagore AJ. Perioperative manage-
ment. In: Beck DE, editor. Clinics in colon and rectal surgery. 2003;16(2): 
75–84.
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12 physiologic variables and 6 operative variables (Table 8-4). 
The advantage of POSSUM is that it predicts both morbid-
ity and mortality and can be used to compare performance 
among surgical units, hospitals, and countries.26 It does 
not, however, take into account primary diagnosis, differ-
ences among surgeons, anesthetists, and operating time, all 
of which may influence outcome. Nevertheless, it has been 
shown that POSSUM is superior to APACHE in predicting 
mortality in patients after general surgery.27 P-POSSUM 
may be a better predictor of mortality and morbidity for gas-
trointestinal and laparoscopic colorectal surgery.28,29 Another 
modification of this index, the CR-POSSUM score, is advo-
cated to assess the risk for patients undergoing major col-
orectal cancer surgery.11,12

Preoperative Assessment Specific to Colorectal 
Procedures

Assessment of specific organ systems may be necessary 
and should be done for patients with identified preexisting 
dysfunction.30 In general, age, history of chronic heart dis-
ease, renal disease, emergency surgery, and type of operation 
are predictors of the risk of mortality.31 Fit, young patients 
undergoing minor and intermediate procedures do not need 
routine preoperative investigation and, in the pediatric age 
group, a thorough clinical examination has been found to be 
of greater value than routine laboratory screening. A good 
history and physical examination are more important than 
laboratory data in the development of a treatment plan for 
anesthesia. For patients undergoing colorectal surgery, a pre-
vious major laparotomy may preclude laparoscopic surgery 
or indicate an increased risk of conversion to open surgery. 
Body habitus of the patient, mental status, visual acuity, and 
the presence of other disorders such as arthritis may deter-
mine the decision on whether a stoma is formed and its 
placement. Assessment of patients’ attitudes toward surgery, 
addressing their concerns, and counseling them regarding 
what to expect during hospitalization is integral part of the 
preoperative evaluation.

Current Recommendations

Preoperative tests serve to complement the history and physi-
cal exam. They have been used to assess levels of known dis-
ease, detect unsuspected but modifiable conditions that may 
be treated to reduce risk before surgery or detect unsuspected 
conditions that may not be possible to treat, and therefore 
simply be baseline results before surgery. Many patients 
undergoing minor surgery need minimal investigation, even 
if they have chronic medical conditions. Review of current 
evidence indicates that routine laboratory tests are rarely 
helpful except in the monitoring of known disease states. 
New guidelines have a significant impact on reducing preop-
erative testing and have not caused an increase in untoward 
perioperative events.32,33

Tests that need to be performed prior to major colorectal 
surgical procedures include hemoglobin for evidence of ane-
mia and as a baseline level for postoperative management. 
Renal and liver function tests are not routinely carried out. Pre-
operative blood glucose determination is obtained in patients 
45 years of age or older because current recommendations 
suggest screening of all over that age. In addition, impaired 
glucose control increases perioperative risks. A urine preg-
nancy test should be considered for all women of childbear-
ing age. Coagulation tests are only indicated in patients on 
anticoagulation, with a family or personal history of bleed-
ing disorder, or those with liver disease. Patients undergoing 
major surgery with a potential for blood loss should have a 
type and screen, even if transfusion is not expected. This may 
help to minimize the risk of later transfusion reaction.

EKG is indicated in male patients older than 40 years, and 
females older than 50 years. Those with a history suggestive 
of cardiac disorders, myocardial abnormalities, valvular dis-
orders, conduction disorders, and hypertension may benefit 
from more intensive investigation prior to elective colorectal 
surgery.34 Chest X-rays are performed on the basis of find-
ings from the medical history or physical examination. As 
part of preoperative risk assessment, patients found to have 
medical conditions requiring further specific therapy before 
surgery should also be considered for more intensive medical 
supervision. This is important while in the hospital for their 
surgery and also as part of their postdischarge follow-up.

Bowel Preparation

Bowel preparation for colon and rectal surgery has tradition-
ally involved two components: mechanical cleansing and 
antibiotics. Mechanical bowel preparation (MBP) before 
elective colorectal surgery has its roots in history and has 
long been a cornerstone of surgical practice. Today, however, 
there remains little evidence that it is necessary.

Bacteria represent a third of the dry weight of stool 35; 
 uncontrolled leak of intestinal contents into the abdominal cav-
ity can, therefore, be life threatening. The accepted  rationale 

Table 8-4. Parameters for the calculation of the physiological and 
operative severity score for enumeration of morbidity and mortality 
(POSSUM) score

Physiologic parameters Operative parameters

Age (years) Operative severity
Cardiac signs/chest X-ray Multiple procedures
Respiratory signs/chest X-ray Total blood loss (mL)
Pulse rate Peritoneal soiling
Systolic blood pressure (mmHg) Presence of malignancy
Glasgow coma score Mode of surgery
Hemoglobin (g/dL)
White cell count (×1012/L)
Urea concentration (mmol/L)
Na+ and K+ levels (mmol/L)
Electrocardiogram
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for MBP includes the evacuation of stool to allow visualiza-
tion of the luminal surfaces as well as to reduce the fecal flora, 
which is believed to translate into lower risk of infectious and 
anastomotic complications at surgery. While the removal of 
stool permitting mucosal inspection at colonoscopy is well 
established and not controversial, the latter rationale – the 
reduction of infectious and anastomotic complications by 
MBP – has not been supported by evidence and has recently 
been challenged in the medical literature. In the trauma setting 
(see Chap. 26), repair of the injured colon and anastomosis 
has been shown to be safe and less complicated than diver-
sion of the fecal stream,36,37 unless there is severe fecal con-
tamination, or the need for transfusion of more than four units 
of blood.38 These reports led to the question that if primary 
anastomosis was acceptable in the trauma setting, could its 
success and safety be translated to elective surgery performed 
under optimal conditions? Subsequent multiple animal stud-
ies failed to strongly support or refute the role of MBP.39

To better understand the debate and controversy surround-
ing the role of MBP in colorectal surgery, it is worthwhile 
first to review the various regimens currently in use today 
as well as their mechanisms, effectiveness, and potential 
side effects.40 Dietary restriction (5 days of clear liquids), 
cathartics, and enemas formed the original framework of 
colon preparation. However, patient discomfort, electrolyte 
problems, and inadequate caloric intake proved cumbersome 
as well as costly.41 Transition to a large volume (8–10 L) 
orthograde gut lavage with saline solutions was then tried.42,43 
The need of a nasogastric tube, requirement for hospitaliza-
tion, and large fluid shifts with potential for electrolyte insta-
bility led to the search for alternatives.

Mannitol was found to be an excellent cathartic with mini-
mal effects compared with saline lavage. A major detriment 
was the fermentation by colonic bacteria which generated 
combustible gases (methane and hydrogen). Multiple case 
reports described explosions occurring during colonoscopy 
after mannitol preps. These case reports along with the fear 
of explosion with the addition of electrocautery during sur-
gery prevented universal acceptance.44–48

Polyethylene glycol (PEG) lavage solution was first intro-
duced in 1980.49 PEG solutions are iso-osmotic nonabsorb-
able electrolyte lavage solutions that cause little to no fluid 
shifts or electrolyte disturbances. Colyte™ (Schwarz Pharma, 
Inc., Milwaukee, WI) and GoLYTELY™ (Braintree Labora-
tories, Inc., Braintree, MA) are the most familiar commer-
cial examples in practice. Multiple studies have proven these 
lavage solutions to be safe, effective, and well tolerated when 
compared with traditional bowel preparative regimens.50–52

PEG solutions require ingestion of 3–4 L solution. The 
salty taste and high volume reduce patient compliance. 
Addition of bisacodyl, senna, or magnesium citrate to tradi-
tional 4 L PEG regimens has been shown to improve colonic 
cleansing for colonoscopy.53–55 Addition of these adjuncts 
has also allowed for lower-volume (2 L) PEG solutions to 
be  administered with equivalent or increased efficacy and 

improved patient tolerability.56–58 Prokinetic agents and ene-
mas when combined with oral lavage have not been shown 
to improve efficacy or decrease patient symptoms.59,60 PEG 
solutions are contraindicated in patients with any sensitivity 
to the components of the solution, gastrointestinal obstruc-
tion, gastric retention, bowel perforation, toxic colitis, toxic 
megacolon, or ileus. PEG solutions are considered Category 
C drugs in pregnancy and have not been well studied in this 
patient population.61

In 1990, sodium phosphate (NaP), a saline laxative, was 
introduced as a safe, more efficacious, and less costly form 
of bowel preparation when compared with PEG in initial 
and subsequent studies.52,62 NaP solutions (Fleet Phospho-
soda™, Fleet laboratories, Lynchburg, VA) are concentrated, 
low-volume hyperosmotic solutions that exert an osmotic 
effect to draw fluid into the bowel lumen to assist in transit of 
contents.63 These solutions were administered as two 4.5 oz. 
dispensations that are diluted and ingested by the patient at 
preset times, the day prior to elective colorectal surgery. Elec-
trolyte alterations that may occur include hyperphosphatemia, 
hypocalcemia, hypernatremia, and hypokalemia, which in 
most patients were minimal and/or transient in nature.

A tablet form of NaP was developed in 2000 showing 
equal or improved efficacy and/or improved tolerance when 
compared with both liquid NaP, PEG, and PEG plus bisa-
codyl regimens.64–66 These tablet preparations (OsmoPrep™ 
and Visicol™, both Salix Pharmaceuticals, Morrisville, NC) 
offer an alternative to the solution-type NaP formulation. 
The tablet preparation regimen consists of 28–40 tablets 
given the day prior to the elective procedure or in a split dose 
manner, similar to the fluid formulation.

Patients with impaired renal function, dehydration, hyper-
calcemia, hyperphosphatemia, congestive heart failure, or 
advanced liver disease could experience severe complica-
tions with NaP administration including phosphate neph-
ropathy.67,68 This is especially true in hypertensive patients 
taking certain medications, namely angiotensin-converting 
enzyme inhibitors or angiotensin receptor blockers. This 
led the Federal Drug Administration to issue a Black Box 
warning for the over-the-counter version of this preparation 
and the manufacturer to voluntarily remove the preparation 
from the market. As this preparation is hypertonic, signifi-
cant fluid and electrolyte shifts can occur and it is necessary 
to maintain adequate hydration while undergoing the prepa-
ration.69,70 Absolute contraindications to any bowel prepa-
ration include obstruction, ileus, perforation, diverticulitis, 
severe colitis, toxic megacolon, gastric retention, and gastric 
paresis.

Summary of Trials and Meta-Analyses

Over the past few years and as recent as mid-2008, numerous 
clinical trials and meta-analyses have been performed in an 
attempt to understand the role of MBP in elective  colorectal 
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surgery.41 These studies are summarized in Table 8-5.70–82 
This issue of MBP vs. no MBP was reviewed in a Cochrane 
Database review published in 2005.83 This comprehensive 
meta-analysis included nine clinical trials and a total of 1,592 
patients. The authors reiterated a belief that was raised in 
other studies, wherein the use of MBP frequently resulted in 
a “semi prepared” colon full of liquid feces that was difficult 
to control, often leading to spillage and peritoneal contami-
nation and thus explaining the higher rates of complications 
found in the MBP group.

The most thorough and current meta-analysis on the sub-
ject was recently published by Pineda and colleagues, who 
completed a systematic review of the literature through 
early 2008 and found 13 prospective trials available with 
a total of 4,601 patients, the greatest number of patients 
available to date.84 In this meta-analysis, the authors ana-
lyzed two primary outcomes – anastomotic leaks and 
wound infections. They found no statistically significant 
difference between 2,304 patients receiving MBP com-
pared with 2,297 patients receiving no MBP in either 
outcome. Anastomotic leaks were reported in 97 patients 
(4.2%) with MBP and 81 patients (3.5%) without MBP 
(p = 0.206). Wound infections occurred in 9.9 vs. 8.8% 
(p = 0.155). This lack of any statistically significant differ-
ence between the two arms in the largest meta-analysis yet 
performed prompted the authors to conclude that MBP is of 
no benefit to patients undergoing elective colorectal resec-
tion. Though the authors acknowledge certain scenarios 
when the use of MBP is warranted, such as the anticipated 
need for intraoperative colonoscopy, they propose that rou-
tine MBP need not be considered a “prerequisite of safe 
colorectal surgery.” Despite these data, a 2003 survey of 
practicing colorectal surgeons revealed that 99% of respon-
dents continue to employ MBP, though 10% did question 
its role in elective surgery.85

Antibiotics

The use of antibiotic prophylaxis in elective colon surgery 
is mandatory to minimize infection complications.86 Unfor-
tunately, the choice of antibiotic and route of administration 
are less clear. The first principle in prophylactic use of anti-
biotic administration is to provide coverage for the normal 
bowel flora [aerobic bacteria (E. coli) and anaerobic species 
(Bacteroides sp.)]. Oral antibiotics as used in the traditional 
Nichols–Condon antibiotic preparation have been shown to 
reduce intraluminal and mucosal bacterial count, while par-
enteral antibiotics have been shown to reduce systemic bac-
terial counts at the tissue level.

Colorectal surgery performed prior to 1970 was fraught 
with infectious complications which occurred in more than 
30–50% of all operations. With a better understanding of bac-
teriology and the availability of an increasing number of anti-
biotics, surgeons attempted to improve their outcomes with 
regards to infections.87–90 In a 1977 VA cooperative study, 
Nichols and Condon showed that oral neomycin sulfate and 
erythromycin base decrease the wound infection rate of elec-
tive colon resections from 35 to 9%.91 They also showed that 
this regimen led to significant decrease in all septic com-
plications (wound infection, anastomotic leak, and abscess) 
from 43 to 9%.91–93 The dosing of 1 g of oral neomycin sul-
fate and erythromycin base at 2 p.m., 3 p.m., and 10 p.m. for 
an 8 a.m. case became and remains a standard oral antibiotic 
regime for elective surgery. Unfortunately, the Nichols prep 
has its drawbacks. While this antibiotic combination is effi-
cacious, it can cause significant gastrointestinal discomfort 
severely limiting patient compliance with the remainder of 
the antibiotic preparation and completion of their mechani-
cal preparation.

These limitations, along with the significant increase in 
number and spectrum of parenteral antibiotics, led many 

Table 8-5. Randomized controlled trials and Cochrane report relating to preoperative mechanical bowel preparation a

Author/year No. of patients Mechanical bowel preparation agent Anastomotic leaks Wound infections Mortality

Brownson (1992)70 179 PEG 11.9 vs. 1.5 b 5.8 vs. 7.5 0.0 vs. 0.0
Santos (1994)71 149 Mineral oil, agar, and phenolphthalein; 

enema; mannitol (3-day regimen)
10.4 vs. 5.3 23.6 vs. 11.7 0.0 vs. 0.0

Burke (1994)72 169 Sodium picosulfate 3.8 vs. 4.6 4.9 vs. 3.4 2.4 vs. 0.0
Fillman (1995)73 60 Mannitol 8.7 vs. 4.3 3.3 vs. 6.7
Miettinen (2000)74 267 PEG 4.0 vs. 2.0 4.0 vs. 2.0 0.0 vs. 0.0
Tabusso (2002)75 47 Mannitol or PEG 20.8 vs. 0b 8.3 vs. 0
Bucher (2005)76 153 PEG 6.4 vs. 1.3 12.8 vs. 4
Ram (2005)77 329 NaP 0.6 vs. 1.3 9.8 vs. 6.1
Fa-Si-Oen (2005)78 250 PEG 5.6 vs. 4.8 7.2 vs. 5.6
Zmora (2006)79 249 PEG 4.2 vs. 2.3 6.7 vs. 10.1 1.7 vs. 0.8
Pena-Soria (2007)80 97 PEG 8.3 vs. 4.1 12.5 vs. 12.2
Jung (2007)81 1,343 PEG, NaP, enema 1.9 vs. 2.6 7.9 vs. 6.4
Contant (2007)82 1,354 PEG + Bisacodyl or NaP 4.8 vs. 5.4 13.4 vs. 14.0

a All results as mechanical bowel preparation (MBP) vs. no MBP, %; PEG polyethylene glycol, NaP sodium phosphate.
b Significant result.
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investigators to utilize various IV antibiotic combinations to 
minimize infectious complications.86–93 In 1998, Song and 
colleagues codified modern practice and confirmed that par-
enteral antibiotics alone decrease the rate of wound infec-
tion and that no single regimen is superior as long as the 
antibiotics chosen cover both aerobic and anaerobic bacteria 
and are given before incision.94 In 2003, the Surgical Infec-
tion Prevention Guideline Writers Workgroup (SIPGWW), a 
project endorsed by both the American College of Surgeons 
(ACS) and the ASCRS, submitted consensus positions for 
surgical antimicrobial prophylaxis.95 The standard for par-
enteral antibiotic prophylaxis in elective colon resections 
should include:

1. Timing: Infusion of the first antimicrobial dose should 
begin within 60 min prior to surgical incision.

2. Duration: Prophylactic antimicrobials should be discon-
tinued within 24 h following surgery.

3. Dosing: The initial dose should be adequate based on 
weight, adjusted dosing weight or BMI. An additional 
dose should be administered, if the operation continues 
over two half-lives after the initial dose.

4. Selection (colon surgery): Cefotetan, cefoxitin, cefazolin/
metronidazole, and ampicillin/sulbactam.

– Options for b-lactam allergic patients:  clindamycin +  
 gentamicin, ciprofloxacin, or aztreonam.

– Metronidazole + gentamycin or ciprofloxacin.

Deep Venous Thrombosis Prophylaxis

Deep venous thrombosis (DVT) and its embolic corol-
lary, pulmonary embolism (PE) are a significant source of 
morbidity and mortality in the perioperative period. Due 
to the predominance of abdominal and pelvic surgery, col-
orectal surgery confers a higher risk of these postoperative 
complications than other general surgical procedures.96 
Yet despite so much emphasis, DVT and PE continue 
to be the most common cause of preventable deaths dur-
ing in-hospital admission, accounting for one out of every 
four hospitalized patients’ deaths.97,98 More concerning, 
over 50% of all DVTs are asymptomatic, while the vast 
majority of PEs are detected only after death.99 Since Vir-
chow’s original description of stasis, hypercoaguability 
and endothelial damage as risk factors, large epidemiologi-
cal studies have found an increase in the development of 
symptomatic venous thromboembolism in the perioperative 
period associated with male gender, malignancy, trauma, 
immobility, COPD, sepsis, low hematocrit, low albumin, 
and major surgery.100

Prophylaxis of venous thrombotic events centers on 
both mechanical and medical means. Mechanical methods 
include intermittent pneumatic compression stockings, while 
the current mainstays for chemical  thromboprophylaxis are 

unfractionated and low-molecular-weight heparin. Unfrac-
tionated heparin works through antithrombin III to inac-
tivate thrombin and other factors in the clotting cascade. 
Concerns about its increased bleeding events as well as its 
dose–effect relationship have led many to be wary of its use. 
Low-molecular-weight heparin has enhanced antifactor Xa 
activity and more predictable dose–effect relationships.101 A 
recent Cochrane review concluded that the combined use of 
mechanical graduated stockings with either unfractionated 
or low molecular heparin was the optimal prophylaxis to 
prevent thromboembolic complications.102 Only three stud-
ies meeting the inclusion criteria, in this review, focused 
specifically on colon and rectal surgery. Two years later, 
the group evaluated 558 studies, of which 19 met the inclu-
sion criteria, and again found that unfractionated and frac-
tionated heparin were equally effective, and the addition 
of either to compression stockings was superior to either 
alone.102

Risk stratification is the mainstay for DVT prophylaxis 
recommendation. Young healthy patients undergoing routine 
anorectal surgery with minimal patient-specific risk factors 
do not require any additional therapy other than mechani-
cal means via graduated compression stockings and/or inter-
mittent pneumatic compression boots and early ambulation. 
Those patients with multiple risk factors and undergoing 
high-risk surgery such as pelvic operations warrant more 
aggressive means such as unfractionated or low-molecular-
weight heparin in addition to the mechanical devices. Timing 
has been somewhat controversial with some studies demon-
strating higher bleeding without undue increase in throm-
botic events when given after the surgery and others stating 
that dosing should begin preoperatively. Although this ques-
tion has yet to be definitively answered based on current lit-
erature, it is well accepted that some form of perioperative 
including intraoperative means has become the standard of 
care. The risk of bleeding with thromboprophylaxis dosing 
is small, with the majority revolving around injection site 
ecchymoses or hematoma in up to 7% of cases.103 More clini-
cally significant bleeding, such as gastrointestinal or intraab-
dominal bleeding, occurs in <0.5% and is rarely the cause for 
secession of therapy.

A concern in colorectal surgery is how to manage anti-
coagulated patients who require colonoscopy. Recent 
guidelines suggest that aspirin and other nonsteroidal anti-
inflammatory drugs (NSAIDs) do not need to be withheld, 
with the rate of postpolypectomy bleeding around 2%.104 
Coumadin and other more potent antiplatelet medications 
(i.e., clopidogrel) are commonly held for 5–7 days prior to 
the procedure, especially when it is known that a polypec-
tomy or other procedures are likely. There is some evidence 
that the application of endoclips or detachable loops with 
polypectomy in anticoagulated patients is safe; however, 
small sample sizes hinder ability to make broad recommen-
dations.105 Current recommendations are provided in the 
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ASCRS Practice Parameters for the prevention of venous 
thromboembolism (www.fascrs.org).106

Beta Blockade

Perioperative treatment with beta-blockers titrated to a heart 
rate of less than 70 bpm to reduce cardiac risk has been 
studied in multiple clinical trials.107 Although some more 
recent trials have not demonstrated the pronounced benefit 
of earlier trials on the subject, the aggregate conclusion of 
the multiple studies suggests benefit with small risk. Preop-
erative beta blockade is indicated in patients having inter-
mediate risk surgery with one or more clinical risk factors 
or any patient having vascular surgery. It is not indicated 
in patients for low risk surgery or intermediate risk surgery 
without clinical risk factors. Some authors argue that effec-
tive beta blockade obviates the need for additional cardiac 
testing in certain intermediate risk patients.108 Institution of 
statin-class medication for patients with one or more clinical 
risk factors undergoing intermediate risk surgery should be 
considered.109

Transfusion: and Hematologic Evaluation

Most patients with anemia tolerate operations well unless 
they have associated disease, and therefore anemia rarely 
changes management unless operative blood losses are 
expected to be great.106 Risk of thromboembolism and 
bleeding disorders can be assessed by a detailed history 
and by tests that measure coagulation factors (prothrom-
bin and partial thromboplastin time) and that assess plate-
let count and function (bleeding time). Measures to reduce 
the risk of thromboembolism have been well documented 
and are part of the practice parameters available from the 
ASCRS.100,101,106

Blood grouping and cross-matching are obviously criti-
cal when planning major surgery in which significant blood 
losses may occur. An important consideration is to have a 
routine sample for blood type on file for patients undergo-
ing major surgery, even if transfusion is not expected, and 
cross-matching would not usually take place. This allows 
a double level of security when urgent samples are sent if 
bleeding occurs during surgery. This may help to avoid the 
risk of transfusion reaction, if there is concern about errors 
with sample labeling or source at any time.

Anemic patients who are scheduled for elective surgery 
may be treated preoperatively by allogenic transfusion, but 
consideration is also given to autologous donation, eryth-
ropoietin, intraoperative hemodilution with autotransfusion 
or consideration of cell salvage techniques which are still 
being evaluated in colorectal surgery. Preoperative autolo-
gous donation (PAD) has been criticized recently because 

of cost-ineffectiveness, large wastage of PAD units, and the 
potential for leaving patients more anemic after surgery than 
without PAD.102 Techniques including acute normovolemic 
hemodilution and cell salvage may be more efficient; how-
ever, investigations still continue into their use.103

Communication with the Patient and 
Establishing the Expectations  
for Postoperative Recovery

No preoperative visit is complete without providing infor-
mation on expected postoperative outcomes. This discussion 
helps the patient to build confidence and trust in the surgeon. 
Such discussion is likely to be an important component of 
any postoperative care pathway, and this may help lead to 
significant reduction in postoperative stay.

Patients can be advised of the surgery they will undergo, 
their expected milestones in recovery, and possible compli-
cations, including issues such as readmission, which may 
occur in 10% or more of these patients undergoing major 
abdominal surgery.

Prophylaxis for Endocarditis  
and Prosthesis

Patients undergoing invasive colorectal procedures are at 
varying risk for endocarditis and infection of prosthesis. The 
ASCRS has published practice parameters to guide surgeons 
on selecting appropriate measures for at risk patients.110

Conclusion

Assessment of the patient undergoing surgery is of extreme 
importance in providing patients with a safe recovery from 
their operation. This permits stratification of patients into 
groups that require intensive, moderate or minimal investi-
gation, or treatment prior to anesthesia. Tests to investigate 
patients should be used selectively based on increasingly 
accepted guidelines. Patients who need such evaluation and 
treatment prior to surgery should also be seen by the relevant 
medical specialty when in hospital and receive any neces-
sary instructions for appropriate medical follow-up after 
their surgery.

MBP continues to be used by the majority of colorec-
tal surgeons based on traditional practice patterns. Several 
randomized controlled trials now suggest that this practice 
may be unnecessary. Patients undergoing bowel resection 
should be given antibiotic prophylaxis using one dose of 
parenteral broad-spectrum agents at the time of induction 
of anesthesia.

http://www.fascrs.org
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Postoperative care of the colorectal patient is focused on 
decreasing morbidity, mortality, and health-care costs. An 
estimated 161,000 Medicare patients undergo major intes-
tinal surgery in the USA annually at a cost of 1.75 billion 
dollars.1 The average patient remains in the hospital 10.3 
days after colorectal surgery, costing approximately $1,055 
per day.2

Advances and standardization of postoperative care have 
reduced perioperative morbidity and mortality. Estimates of 
overall morbidity are 24.3% following colorectal surgery, 
with the incidence of serious morbidity including organ 
space surgical site infection, pulmonary embolism, and 
septic shock at up to 11.4%.3 Recent NSQIP data estimates 
mortality at 1.4% for elective procedures and 15.8% for 
emergency colon and rectal surgery.4 Although some costs 
and complications are unavoidable in postoperative care, a 
substantial percentage result from prolonged hospitalization, 
complications including surgical site infections, postopera-
tive ileus, and venous thromboembolic events.

Numerous studies demonstrate that most patients can 
safely leave the hospital within 3–5 days following colon 
and rectal surgery without increasing rates of complica-
tions or readmission.5–7 By decreasing the length of hospital 
stay, postoperative complications, and postoperative ileus, 
clinicians have the potential to save millions of health-
care dollars annually, as well as accelerate the recovery of 
patients after major surgery. An expanding field of litera-
ture focuses on optimizing postoperative care and reduc-
ing length of stay. Comprehensive enhanced recovery or 
fast track protocols include several important elements to 
ensure success: appropriate antibiotic dosing, periopera-
tive fluid optimization, early enteric nutrition, prevention 
of ileus, early ambulation, venous thromboembolic pro-
phylaxis, and optimized postoperative analgesia.8 Research 
has focused on evaluating available treatments and creating 
a comprehensive postoperative care plan to expedite hos-
pital stay.

This chapter will review the available data for comprehen-
sive enhanced recovery pathways and individual aspects of 

perioperative care including recommendations for prevention  
of postoperative complications and optimal treatment of 
colon and rectal surgery patients.

Standardized Fast Track Protocols  
or Enhanced Recovery Pathways

Standardized fast track or enhanced recovery protocols have 
the ability to substantially reduce length of stay. Generally, 
patients with stable vital signs are deemed ready for discharge 
when ambulating, tolerating enteric nutrition, and pain is well 
controlled with oral analgesia, and adequate discharge care 
(home or transitional facility) is available. In 2005, average 
length of stay following colectomy was 10.6 days.1 Using mul-
timodal, enhanced recovery, or fast track protocols, length of 
stay has dropped to a mean of 4–5 days in many series and as 
short as 2.5 days in the hands of some authors.7,9 A truly effi-
cacious postoperative care protocol combines many  elements 
including regulation of postoperative fluids, early ambulation, 
early feeding and gastric stimulation, postoperative pain con-
trol, and pharmacologic treatment of ileus. Multiples stud-
ies have demonstrated the feasibility, safety, and success of 
enhanced recovery protocols.

Initial data on two small series of multimodal recovery 
protocols incorporated 48 h of epidural analgesia, immediate 
postoperative ambulation, and early postoperative feeding. 
Median length of stay after open sigmoid colectomy was 
2 days, with a mean of approximately 4.4 days.9,10 Simul-
taneously, Bradshaw et al. randomized 72 patients to early 
removal of nasogastric tubes, oral diet, and early ambulation 
and found protocol patients had earlier return of bowel func-
tion and were discharged on average 1 day prior to controls.11 
In 2001, Delaney et al. applied these premises to 58 patients 
undergoing reoperative or complex pelvic and rectal sur-
gery.5 Ambulation, early oral intake, and pain control were 
important elements of the protocol. Prompt removal of tubes 
and drains and enterostomal teaching prepared patients for 
earlier discharge. Patients without significant  comorbidities 
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(DRG 149) left the hospital at 3.5 days, compared with 
5.1 days for complicated patients. Eight patients (14%), 
who were poorly compliant with the protocol, had a mean 
length of stay of 5.1 days. Readmissions occurred in four 
patients (7%). A second study on 118 patients undergoing 
laparoscopic colectomy with standardized postoperative and 
discharge protocols, found median stay of 3 days.7 Seventy 
percent of patients were discharged within 72 h of surgery, 
with a readmission rate of 8.5%. Patients discharged on days 
1–3 were slightly less likely to have complications, but this 
did not reach statistical significance.

A systematic review of perioperative clinical care path-
ways found 13 articles incorporating standardized protocols 
after gastrointestinal surgery.12 Articles include preoperative 
(11), intraoperative (7), and postoperative (13) interventions. 
Postoperative inventions included nutritional management, 
pain management, early mobilization, education of fam-
ily and patient, and discharge planning. Overall, 11 of 13 
programs demonstrated a significant decrease in length of 
stay when compared to conventional care; three also found 
a decrease in complication rates. None of the studies docu-
mented an increased risk of negative outcomes in the clini-
cal pathway group when compared to standardized protocol 
patients. This was supported by several other meta-analyses 
in which length of stay was significantly decreased in fast 
track protocols (1.56–2.35 days shorter), and overall morbid-
ity rates favored fast track protocols.13,14

Concern over increased readmission rates after early dis-
charge appears to be unfounded. Three individual studies 
had notably high readmission rates from 22 to 27%15–17 but 
meta-analysis has failed to show a significantly higher rate 
of readmission for fast track protocols (RR = 1.17, 95% CI 
0.73–1.86).16 In addition, total hospital stay was analyzed 
including readmission in several studies and was still found 
to be approximately 2.5 days shorter than patients on con-
ventional protocols.14,16,17

Data on increased use of posthospital services at time of 
discharge is scant. None of the meta-analyses of enhanced 
recovery protocols analyzed use of services, and few indi-
vidual papers have described the use of home nursing or 
skilled nursing facilities.15–17 Patients discharged within 1–2 
days after surgery were less likely to require postdischarge 
services.7,18 Need for posthospital services should be an indi-
vidualized decision. Patients with new ostomies may require 
visiting nurse care following discharge for continued educa-
tion and emotion adjustment.19 Deconditioned or nonambu-
latory patients may require evaluation by physical therapy 
for in-patient or home services. A number of papers have 
demonstrated the importance of predischarge planning to 
ensure patient and caregiver comfort and satisfaction after 
discharge from hospital.20,21 Laparoscopic surgery tends to 
be associated with less use of postdischarge care facilities 
than open surgery.7

Implementing a fast track protocol is not simple. Most fast 
track protocols incorporate 8–12 elements, with ranges  varying 

from 4 to 20 elements.12,14,16 An example of the University 
Hospital, Case Medical Center standardized protocol is 
listed in Table 9-1. Virtually all studies incorporate acceler-
ated mobilization and early postoperative feeding. Other ele-
ments include preoperative bowel preparation, prevention of 
intraoperative hypothermia, early removal of lines and tubes, 
perioperative fluid management, opioid sparing techniques 
and pharmacologic treatment of ileus.22 A key to the success 
in implementing a fast track program is the involvement of a 
multidisciplinary team. The team should consist of anesthe-
tists, nurses, physical therapists, social workers and enteros-
tomal therapists all trained, experienced, and committed to 
the success of the program.

Some studies have looked at the difficulties implementing 
a fast track protocol. Ionescu et al. randomized 96 patients 
to standardized protocol versus fast track implemented for 

Table 9-1. University Hospital–Case Medical Center enhanced 
recovery protocol guidelines

Day before surgery
1. Protein/glucose drink
2. Bowel prep as directed
3. Diclofenac 100 mg po

Preoperative holding area
1. Gabapentin 600 mg po 1–2 h prior to induction
2. Alvimopam 12 mg po 1–2 h prior to induction
3. Thromboprophylaxis low-dose unfractionated heparin 5,000 U SC
4. Antibiotics prior to induction 30–60 min prior to induction

Postanesthesia recovery unit
1. Morphine PCA for all patients
2. DC antibiotics unless therapeutic indication

Nursing floor – General orders
1. CBC, BMP POD #1, 3 unless otherwise indicated
2. Ambulate in hallway 5 times per day
3. Sit out of bed 4–6 h per day
4. Foley removed POD#1 if laparoscopic, POD#2 if open
5. Heplock IVF POD#1 if laparoscopic, POD#2 if open

Nursing floor – Dietary orders
1. Clear liquids as tolerated
2. Protein/glucose drink 1 can BID
3. Soft diet POD#1 if laparoscopic, POD#2 if open
4. Chewing gum 1 stick TID × 60 min

Nursing floor medication orders
1. Gabapentin 300 mg po TID while in hospital
2. Alvimopam 12 mg po BID × 7 days while in hospital
3. Ketoroloac 15 mg IV Q6 h × 72 h while in hospital
4. Diclofenac 50 mg TID while in hospital
5. Heparin 5,000 U SC TID while in hospital *may be continued following 

discharge in high risk patients
6. Lactulose 10 mL po BID

Nursing floor – Oral analgesia
1. Transition to oral analgesia – POD#1 if laparoscopic, POD#2 if open

a. DC PCA
b. Acetaminophen #3 1–2 pills po q4–6 h, first dose 30 min prior to 

stopping PCA
c. Hold morphine except break through pain

The above guidelines should be modified as clinically appropriate and do 
not replace clinical evaluation and experience.
POD postoperative day, PCA patient controlled analgesia.
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the first time at a single institution.23 The average length of 
stay was reduced to 6.43 from 9.16 days. Difficulties faced 
in implementation included maintaining patients in a higher 
acuity unit to incorporate all elements of the protocol and 
convincing patients of the safety of accelerated hospital stay. 
Although patients tolerated oral diet at a mean of 42 h, mean 
length of stay was 6.43 days ( p < 0.001). Maessen et al. also 
found that implementation of postoperative care plan and 
discharge criteria were not sufficient to significantly reduce 
hospital stay in a multicenter European trial.24 Although 
the majority of patients met discharge criteria at 3 days, the 
median time to discharge was 5 days after surgery. In a study 
center familiar with the fast track protocol, the percentage of 
patients discharged upon meeting criteria was 66% versus 
less familiar centers where only 26% of patients were imme-
diately discharged ( p < 0.001).

Provider hesitancy may also play a role in the slow imple-
mentation of fast track programs. Kehlet and colleagues 
performed a survey in the USA and Europe of 295 hospitals 
and 1,082 colon surgery patients.25 Despite evidence dem-
onstrating a lack of efficacy,26–28 they found that nasogastric 
tubes were left in situ for an average of 3 days in 40% of 
US patients and 66% of European patients. After surgery, 
50% of patients tolerated their first liquids at 3–4 days and 
first meals at 4–5 days. However, patients remained in the 
hospital for a mean length of stay of 7 days in the USA and 
over 10 days in Europe. Polle et al. compared 55 fast track 
and 52 conventional patients on two gastrointestinal units at 
a single hospital using 13 fast track elements.18 On average 
only 7.4 elements were applied per patient within the fast 
track group. Despite this, length of stay was reduced from 
8 to 4.5 days for patients undergoing open colorectal sur-
gery ( p = 0.02) but no reduction was noted in laparoscopic 
patients. Although readmission rates were higher in the fast 
track group (6% vs. 3%), overall total hospital stay was 
still decreased by 2.5 days on average ( p = 0.03). Patient 
satisfaction was not significantly different between the two 
groups.

Many studies have now analyzed the cost effectiveness of 
fast track protocols. Pritts et al. used pre-fast track historic 
and concurrent standard protocol patients to evaluate cost 
 savings of an enhanced recovery protocol.29 The mean cost per 
hospital stay was $19,997.35 ± $1,244.61 for patients in the 
historical control group, $20,835.28 ± $2,286.26 for those in 
the simultaneous control group, and $13,908.53 ± $1,113.01 
for those in the enhanced recovery group ( p < 0.05 vs. other 
groups). Length of stay was reduced by approximately 2 
days when compared to historical and nonpathway groups 
( p < 0.05 vs. other groups). Stephen and Berger compared 
pre- and post-fast track implementation costs and length of 
stay.30 After implementation of a fast track protocol, length 
of stay was reduced from 6.6 to 3.7 days ( p < 0.001) and 
costs were reduced from $9,310 ± $5,170 to $7,070 ± $3,670 
( p = 0.002). Kariv et al. looked exclusively at patients under-
going ileal pouch anal anastomosis and found shorter hospital 

stays (4 days vs. 5 days) ( p = 0.012) and lower direct 30-day 
costs reduced from $6,672 to $5,692 ( p = 0.001).31

Clearly, development of an enhanced recovery protocol 
has potential benefits, including the potential for substantial 
financial savings. Risk of readmission and complications do 
not appear to be increased in accelerated patient pathways. 
Provider and patient comfort is an important element to suc-
cess and is benefitted by a team committed to a comprehen-
sive protocol.

Fluid Management

Postoperative fluid management is complicated by periop-
erative changes in homeostasis and appropriate fluid manage-
ment is essential to optimizing postoperative care. Basic fluid 
requirements are approximately 2,500 cc/day in a 70 kg adult. 
This allows for both insensible losses from respiration, perspi-
ration, and feces as well as the 1,500 cc of urine necessary to 
excrete waste products including urea, potassium, and sodium. 
A basic formula for calculating fluid needs is 1,500 cc for the 
first 20 kg and 20 cc/kg for the rest of the weight.

After surgical stress, there is an increase in renin, aldoster-
one, and antidiuretic hormone release and activation of the 
sympathetic system resulting in sequestration of fluid (third 
spacing) and increased volume requirements. Additional 
losses may occur from evaporation from exposed abdominal 
cavity, blood loss, diarrhea, nasogastric tubes, and abdomi-
nal drains; each of these must be accounted for. In recovering 
patients, fluid retention begins to resolve with a return of the 
hormones and sympathetic nervous system toward normal in 
approximately 72 h.

Data have shown that insufficient perioperative fluid 
resuscitation increases the risk of hypotension, inadequate 
tissue perfusion, and renal failure.32,33 Shires historically 
advocated aggressive fluid resuscitation in trauma patients to 
compensate for perioperative third spacing, and the concept 
was quickly applied to elective surgery.34 In this regimen, 
patients were resuscitated in excess of expected or actual 
intraoperative fluid losses, receiving between 3.5 and 7 L of 
fluid on the day of surgery. Following surgery, patients might 
receive 3 L per day for 48 h with weight gains of 3–6 kg 
postoperatively rendering them hypervolemic.35,36 However, 
over-resuscitation is associated with hypoalbuminemia, 
delayed gastrointestinal recovery, pulmonary complications, 
and increased cardiac demand.37,38

Initial attempts to moderate resuscitation fluids were com-
pared with standard resuscitation. Lobo et al. restricted fluids 
in ten patients to 2 L per day and noted reductions in compli-
cation rates ( p = 0.01), earlier return of gastrointestinal func-
tion (4.0 vs. 3.0, p = 0.001) and reduced length of stay (9.0 
vs. 6.0, p = 0.001).35 These findings were supported by some 
studies;39–41 others failed to show decreases in wound infection 
rates (11.3% vs. 5.5%, NS)42 or length of stay (7.2 days vs. 7.2 
days).43 A meta-analysis of seven trials not only demonstrated 
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no evidence of increased rates of serious  complications such 
as anastomotic leaks but also failed to reach definitive rec-
ommendations.44 This body of literature has been criticized 
for including a heterogeneous mix of resuscitation patterns, 
definitions, and goals. Postoperative care regimens, time to 
oral intake, use of colloid supplements, and anesthetic regi-
ments varied greatly between studies. “Restricted” resuscita-
tion rates ranged from 998 to 2,740 mL, and overlapped with 
liberal fluid resuscitation in other studies. Varied analgesia 
regimens led to changes in resuscitation; patients with epi-
dural catheters had hypotension associated with sympathetic 
blockade and vasodilation and required additional fluids.39 
In addition, many studies excluded high-risk patients, who 
might benefit most from restrictive or goal-directed thera-
pies.44 Further studies with standardized definitions, periop-
erative protocols, and more rigorous outcomes are necessary 
to define optimal management.

More recently, transesophageal Doppler monitoring has 
been used to guide resuscitation. Monitoring of ejection 
fraction and stroke volume aid in assessing oxygen tissue 
delivery.45,46 Optimization of stroke volume as determined 
by Doppler is compared with typical postoperative hemody-
namic parameters such as urine output, heart rate, and blood 
pressure. Several studies have shown reduced postoperative 
gastrointestinal and overall complications47–50 and earlier 
return of bowel function.50 Resuscitation with colloid versus 
crystalloid did not further improve length of stay.51 The rate of 
anastomotic leaks was not increased in the study groups.52,53 
Three studies demonstrated a statistically reduced postopera-
tive length of stay by 1.5 to 2 days49,50 confirmed in two sepa-
rate meta-analysis in favor of Doppler-guided resuscitation.52

While general trends support restricted perioperative flu-
ids44,52,53 the ideal resuscitation goals are still being debated. 
Doppler guidance is available only intraoperatively, and 
although this can reduce early over resuscitation, post-
operative fluids are still based on a variety of subjective 
hemodynamic parameters. Further studies in the setting of 
standardized perioperative care module will be helpful in 
determining best goals for postoperative intravenous fluid 
administration. In addition, as trends toward earlier enteric 
intake continue, reducing intravenous fluids in exchange for 
oral fluids may further change practice parameters.

Postoperative Gastrointestinal Recovery: 
Nausea, Vomiting, Feeding, Gum  
Chewing, and Ileus

Postoperative Nausea and Vomiting

Postoperative nausea and vomiting (PONV) is a common early 
complication after gastrointestinal surgery. Approximately 
25% of patients experience PONV within 24 h. Among high-
risk patients, the incidence may be as high as 70–80%.54,55 
PONV delays recovery of patients after  in-patient surgery 

and accounts for a significant proportion of  unanticipated 
 hospitalizations following ambulatory  surgery. PONV leads 
to patient discomfort and satisfaction but is largely avoidable 
when properly addressed.

Risk factors and risk assessment for postoperative nausea 
have been well studied. Consensus guidelines for managing 
PONV highlight patient, anesthetic, and surgical risk fac-
tors as listed in Table 9-2.56 Instruments that predict PONV 
have been validated with a high level of correlation to patient 
outcome.57,58 Among the simplest is the Koivuranta score 
(Table 9-3) which uses only the five strongest risk factors – 
female gender, previous PONV, duration of surgery, history 
of motion sickness, and nonsmoking status – as predictors 
of PONV.59

Prevention of PONV is centered on reducing anesthetic 
and surgical risks, while appropriately adding pharmaco-
logic prophylaxis. Use of regional anesthesia, minimization 
of narcotics, and avoidance of nitrous oxide and volatile 
anesthetics have efficacy in reducing PONV.51,60,61 Propofol 
induction, increasing hydration, and use of  supplemental 

Table 9-2. Risk factors for postoperative nausea and vomiting

Patient-specific risk factors
1. Female sex
2. Nonsmoking status
3. History of PONV/motion sickness

Anesthetic risk factors
1. Use of volatile anesthetics
2. Nitrous oxide
3. Use of intraoperative or postoperative narcotics

Surgical risk factors
1. Duration of surgery
2. Type of surgery

Adapted from Gan TJ. Risk factors for postoperative nausea and vomiting. 
Anesth Analg. 2006;102:1884–98.79

PONV postoperative nausea and vomiting.

Table 9-3. Koivuranta score II for evaluation of postoperative 
nausea and vomiting

SCORING: Patient risk is calculated based on cumulative number of risk 
factors:
Risk factors:
 Female gender
 Previous PONV
 Duration of surgery over 60 min
 History of motion sickness
 Nonsmoker

# of risk factors Risk of nausea (%) Risk of vomiting (%)

0-1 factor: 17–18  7
2 factors: 42 17
3 factors: 54 25
4 factors: 74 38
5 factors: 87 61

Adapted from Koivuranta M, Laara E, Snare L, Alahuhta S. A survey of 
postoperative nausea and vomiting. Anaesthesia. 1997;52:443–9.59

PONV postoperative nausea and vomiting.
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oxygen are associated with reduction in risk in patients 
undergoing colorectal surgery.62

Many pharmacologic therapies for PONV are familiar 
to the colorectal surgeon. 5-HT

3
A agents such as ondanse-

tron, granisetron, and tropisetron are often chosen as first 
line treatment. They are generally effective (NNT 5–7) with 
a favorable side effect profile which includes headaches, 
increased liver enzymes, and constipation.63,64 Typical dose 
of ondansetron is 4 mg IV every 8 h, but this may be doubled 
for increased efficacy. Steroids have also been shown to be 
effective, particularly if administered prior to induction.65 
Dexamethasone is generally administered as a single dose 
intravenous of 8–10 mg, although doses as low as 2.5 have 
been found to be effective (NNT = 4).66 Side effect profile 
is more concerning to surgeons and includes wound infec-
tion and adrenal suppression, but these effects have not been 
reported after a single bolus dose. Droperidol was com-
monly administered at the end of surgery in doses of 1 mg 
IV with good effect (NNT = 5) but a FDA “black box” warn-
ing recently issued has diminished enthusiasm for this anti-
emetic.67 Reports of prolonged QTc intervals, arrhythmias 
and cardiac death, have been reported after use of droperidol 
but not following a single prophylactic dose.68

Other medications are used less frequently secondary to 
side effect profiles or questionable efficacy. Promethazine, a 
phenothiazine, has been shown in a single study to be more 
effective than ondansetron in preventing nausea (OR = 3.4, 
95% CI 1.2–9.4) but was not equally effective in preventing 
vomiting.69 Additionally, the study was criticized for having 
a higher proportion of high-risk patients in the ondansetron 
arm (40% vs. 27%). Phenothiazines are also limited by their 
significant side effect profile, which include extrapyramidal 
symptoms, dystonia, tardive dyskinesia and akathisia. Sco-
palamine is a transdermal anticholinergic agent effective in 
preventing PONV in a single study (NNR 3.8).70 However, 
use of scopolamine is limited by 2–4 h delay in onset of 
action as well as uncommon hallucinations, disorientation, 
and memory disturbances. Metoclopramide is a relatively 
cost effective treatment, which has mixed results in over 54 
studies.71 In a meta-analysis, metoclopramide had higher 
efficacy than ondansetron for nausea (59% vs. 48%, NS) but 
was less efficacious at preventing vomiting (35% vs. 50%, 
p < 0.001).72 In addition, side effects affect in up to 20% of 
patients include somnolence, reduced mental acuity, anxiety, 
and depression.73 Despite FDA approval for PONV, metoclo-
pramide is not routinely recommended.56

Unconventional treatments may also reduce the incidence 
of PONV. Acupuncture has been demonstrated to reduce the 
incidence of PONV when compared to placebo (23% vs. 41%, 
p = 0.0058).74 White et al. found that acupuncture and ondanse-
tron were better than ondanestron alone for both nausea (40% 
vs. 70%, p = 0.006) and vomiting (22.5% vs. 50% p = 0.070).75 
Ernst et al. found that the use of 1 g of ginger was equivalent 
to the use of metoclopramide in preventing PONV.76 Other 
studies demonstrated that ginger was no  better than  placebo 

in  preventing PONV in women undergoing gynecologic 
surgery.77 Aromatherapy including peppermint oil, isopropyl 
alcohol, or placebo decreased nausea from baseline, but there 
was no difference between scents in a single study.78

Economic and emotional costs of nausea and vomiting are 
often weighed against the cost of therapy. PONV prophy-
laxis was not found to be cost effective in patients whose risk 
of nausea or vomiting are less than 20%.79 Hill found that 
prophylactic therapy was cost effective only in higher risk 
groups when compared to placebo.80 In high-risk patients, 
two antiemetic agents were more cost effective than no pro-
phylaxis and rescue therapy.81 Treating vomiting is typically 
three times more expensive than treating nausea.82

Algorithms for management of PONV are well estab-
lished.56,71 Patients should be assessed preoperatively for risk 
of PONV and if found to be low risk, no prophylactic dos-
age is generally given. A rescue dose of 5-HT

3
A, such as 

ondansetron, may be given if the patient experiences PONV 
after emersion. Patients are deemed to be at moderate to 
high risk of PONV are generally treated empirically. Mono-
therapy agents such as use of dexamethasone, droperidol, or 
ondansetron may be used or combination therapy of multiple 
agents can be employed when deemed appropriate.

Early Refeeding and Use of Nasogastric Tubes

Historically, patients were advised to refrain from postop-
erative nutrition for several days and nasogastric tubes were 
left in place to protect patients from nausea and vomiting 
following abdominal surgery.83,84 Although nasogastric tubes 
relieved some symptoms of postoperative ileus, there is no 
evidence that they decreased duration of ileus or PONV.26,85,86 
In 1995, a meta-analysis determined that nasogastric tubes are 
associated with increased atelectasis and pneumonia.87 Other 
studies demonstrated increased gastroesophageal reflux with 
nasogastric intubation,28 and a recent meta-analysis demon-
strated earlier return of bowel function after colonic surgery 
without a routine use of nasogastric tube.26

Early refeeding is believed to stimulate propulsive activ-
ity, decrease intestinal gut mucosal permeability, and induce 
secretions of gastrointestinal hormones to promote bowel 
motility. Early feeding was first proposed with laparoscopic 
surgery and early studies demonstrated that 80–90% of 
patients tolerated liquids within 24 h of surgery.88,89 After 
success in laparoscopic surgery, studies expanded to patients 
undergoing open surgery.90,91 A meta-analysis found feeding 
patients promptly after surgery is associated with decreased 
rate of infections (RR = 0.72, p = 0.036), and shorter length of 
stay (RR = 0.84, p = 0.001), but an increased risk of vomiting 
after surgery (RR = 1.27, p = 0.046).92 A 2009 Cochrane data 
review suggested that earlier refeeding was safe and may 
reduce the risk of postoperative complications but data failed 
to reach statistical significance.93

Accelerated recovery programs uniformly include early 
refeeding for patients undergoing both open and laparoscopic 
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surgery.7,13,14 Approximately 5–15% of patients will develop 
substantial postoperative ileus requiring return to NPO sta-
tus or nasogastric decompression, but most patients tolerate 
early feeding without complications.5,90 Additionally, for the 
majority of patients who tolerate early refeeding, decreased 
complications, earlier discharge, and patient comfort are sig-
nificant benefits.

Preoperative fasting has also been questioned as a rou-
tine part of clinical care. Postoperative hyperglycemia and 
insulin resistance have been proposed as independent factors 
increasing hospital stay.94 Preoperative fasting of 8–12 h can 
deplete available carbohydrate reserves and promote a fast-
ing metabolism. Data have demonstrated administration of 
a preoperative carbohydrate drink does not increase risk of 
aspiration or complications on induction.95,96 A carbohydrate 
rich drink, given the evening before surgery and 2–3 h prior 
to surgery, has been shown to significantly reduce patient 
thirst, hunger, and improve well-being,97 while also decreas-
ing the loss of muscle mass postoperatively98 and signifi-
cantly reducing length of stay by 1.2 days ( p < 0.02).99,100

Treatment and Prevention of Ileus

Postoperative ileus is defined as the “transient cessation of 
coordinated bowel motility after surgical intervention, which 
prevents effective transit of intestinal contents and/or toler-
ance of oral intake.”101 The average time until recovery of 
bowel function after major abdominal surgery is less than 
24 h for the small intestine, 24–48 h for the stomach and 
48–120 h for the colon.102,103 In general, ileus should resolve 
within the fifth postoperative day after open surgery and by 
the third postoperative day after laparoscopic surgery. Failure 
to resume gastrointestinal function has many adverse effects 
including increased postoperative pain, nausea and vomiting, 
poor wound healing, delay in postoperative mobilization, 
increase in deconditioning, pulmonary complications and 
nosocomial infections, prolonged hospitalization, decreased 
patient satisfaction, and increased health-care costs.

Health Care Financing Administration data estimates that 
postoperative ileus occurs in approximately 14.9% of patients 
following large bowel resection and up to 19.2% after small 
bowel resection.1 It is estimated that the total health-care cost 
of postoperative ileus are approximately $1.14 billion dollars 
annually, or 6.24% of all health-care costs in the USA. The 
average length of stay of patients with postoperative ileus is 
almost doubled to 11.5 from 6.5 days for patients without 
postoperative ileus.104

To reduce the incidence and duration of postopera-
tive ileus, multiple pharmacologic interventions have been 
attempted.105,106 Beta blockade of adrenergic receptors in the 
gut might be expected to decrease the incidence of postoper-
ative ileus. A single small study of propanolol in 1983 dem-
onstrated promising results with decreased time to bowel 
movement of 18 h ( p £ 0.01), but patients experienced a sig-
nificant decrease in blood pressure and heart rate.107 Further 

studies on propanolol failed to validate results or utility.108 
Neostigamine is an acetylcholinesterase inhibitor, which 
increases parasympathetic activity in the gut wall and has been 
used extensively in the treatment of acute colonic obstruc-
tion. However, its usefulness in postoperative ileus is limited 
by side effects which includes abdominal cramps, vomiting, 
and profound bradycardia.109 Cisapride is a serotonin recep-
tor antagonist that promotes acetylcholine receptor release 
from peripheral nerve endings and was demonstrated to have 
significant utility in decreasing postoperative ileus. How-
ever, cardiovascular events resulted in the drug’s withdrawal 
from the market in 2000.110 Metoclopramide is believed to 
increase gastrointestinal motility through stimulation of 
smooth muscle contractions. Although some studies demon-
strated decreased nausea and vomiting with its routine use, 
there are no convincing data establishing a reduction in post-
operative ileus.111–115

Newer drugs have been designed to selectively block 
peripheral (mu) m-opioid receptors that contribute to postop-
erative ileus (POI). The ideal POI treatment is a peripheral 
opioid receptor antagonist that reverses GI side effects with-
out crossing the blood–brain barrier, and therefore is unable 
to compromise postoperative analgesia. Two novel periph-
eral (mu) m-opioid receptor antagonists have been studied in 
patients undergoing abdominal and pelvic surgery.

Methylnaltrexone is a quaternary derivative of naltrex-
one, which acts selectively on peripheral opioid receptors 
as a competitive antagonist. Because methylnaltrexone does 
not cross the blood–brain barrier it does not reverse anal-
gesia or precipitate opioid withdrawal.101,116 Methylnatrex-
one was approved in 2008 for treatment of opioid-induced 
 constipation and significantly improved postoperative ileus 
in a Phase 2 study.117 A randomized double-blind placebo-
controlled trial of 0.3 mg/kg of intravenous methylnaltrex-
one demonstrated reduced time to first bowel movement 
(97 h vs. 120 h, p = 0.01) and time to discharge eligibility 
(119 h vs. 149 h, p = 0.03). Side effects included abdomi-
nal cramps and flatulence, as well as transient orthostatic 
hypotension when administered intravenously. Data from 
Phase III trials failed to show clinical improvement in post-
operative ileus, and methylnaltrexone is currently approved 
only for opioid-induced constipation.

Alvimopan is also a peripherally active (mu) m-opioid 
antagonist, but has higher affinity for human (mu) m-opioid 
receptors and an active metabolite that appears to be absorbed 
systemically. Taguchi published the first results on postoper-
ative use of alvimopan in 78 patients showing a dose-related 
response with significantly decreased time to passage of first 
flatus (70 h vs. 49 h) first bowel movement (111 h vs. 70 h 
and ready for discharge (91 h vs. 68 h).118 Results were vali-
dated in a randomized double-blind multicenter trial demon-
strating reduced time to GI-3 recovery consisting of two of 
the following: time to tolerating solid food, time to first fla-
tus, or time to bowel movement. GI-3 recovery was reduced 
by 86.2 h versus 100.3 h in placebo.119 Of note, patients 
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undergoing hysterectomy did not have  significant decrease 
in GI recovery time. A second multicenter trial demonstrated 
a GI-3, dose–response curve to alvimopan with recovery 
15 h faster for 6 mg of alvimopan and 22 h faster for 12 mg 
of alvimopan when compared with placebo.120 Buchler et al. 
published a RCT double-blind study in Europe; however, 
this study varied from the other studies by having much 
lower use of opioids and some patients who did not receive 
any opioids.121 GI-3 bowel function was reduced by 8.5 h 
in the 6 mg group and 4.8 h in the 12 mg group, but this 
was not statistically significant. Pooled data analysis of the 
three US trials showed that alvimopan speeded overall GI-2 
(tolerance of solid food and first bowel movement) recovery 
by 12 h and accelerated time to discharge order (HR = 1.35, 
p < 0.01).122,123 A second meta-analysis of five studies dem-
onstrated similar findings.124,125 In these studies, alvimopan 
has not been shown to have an increase in adverse event rates 
or complications.104,123,124

Alvimopan (Entereg®; Adolor and GlaxoSmithKline, 
Exton, PA) is currently approved for perioperative use only 
for hospitalized patients in the setting of Entereg Access 
Support and Education Programs (EASE). The first dose of 
12 mg should be given orally prior to surgery, and contin-
ued 12 mg BID for 7 days, or until discharge. Alvimopan is 
contraindicated for patients on chronic opioids, with bowel 
obstruction, or severe hepatic or renal disease.126 A cost anal-
ysis of alvimopan from the North American studies found 
mean hospital length of stay to be 1 full day shorter with a 
mean savings of $879–977 per patient, given an estimated 
cost of $558 dollars (8.9 × 12 mg doses).127 Further analysis 
of the benefits of alvimopan on patients receiving laparo-
scopic surgery is ongoing, as all of the trials to date have 
been in patients undergoing open surgery.

Use of Gum Chewing

Gum chewing has also been proposed to decrease the 
incidence of postoperative ileus. Chewing stimulates the 
cephalic phase of digestion and serves as a form of sham 
feeding stimulating neural and hormonal pathways.128 Mas-
tication and salivation increase vagal cholinergic stimula-
tion and promote the release of gastrointestinal hormones 
such as gastrin, neurotensin, and pancreatic polypeptide.129 
Cephalic stimulation is accomplished without oral intake, 
thereby theoretically avoiding complications of food intoler-
ance, which may occur in up to 20% of patients after early 
oral intake.130

Asao et al. first proposed gum chewing to enhance 
recovery after colectomy in 2002.131 Nineteen patients ran-
domized to chewing gum three times daily following laparo-
scopic colectomy were noted to have earlier return of flatus 
(1.1 days, p < 0.01), time to defecation (2.7 days, p < 0.01) 
and time to discharge (1 days, NS). This data was supported 
by a multicenter trial by McCormick et al.132 Patients who 
chewed gum four times daily after laparoscopic surgery 

had shorter  duration of postoperative ileus (2.6 days vs. 3.3 
days, p = 0.0047) and hospital stay (4.0 days vs. 5.3 days, 
p = 0.029).

Data is less compelling on the efficacy of gum chewing 
following open colectomy. Schuster et al. randomized 34 
patients undergoing sigmoid colectomy to gum chewing and 
noted statistically decreased time to flatus (65.4 h vs. 80.2 h, 
p = 0.05), defecation (63.2 h vs. 89.4 h, p = 0.04), and length 
of stay (4.3 h vs. 6.8 day, p = 0.01).133 But other studies dem-
onstrated no significant difference between groups undergo-
ing open colectomy.134,135 In a study of 38 open colectomy 
patients, Quah et al.134 found slight reductions in passage of 
flatus (2.7 days vs. 2.4 days), time to defecation (3.9 days 
vs. 3.2 days), and length of stay (11.1 days vs. 9.4 days), 
none of which were significant. Matros et al. randomized 
66 patients to gum chewing, acupressure wrist bracelets and 
control groups and demonstrated no significant differences in 
time to flatus, bowel movement, or discharge.135 McCormick 
also found no reduction in time to bowel recovery (3.6 days 
vs. 3.9 days, p = 0.50) or discharge (5.6 days vs. 5.3 days, 
p = 0.5) in the open arm of their study.132

At least five meta-analyses on gum chewing exist in the 
literature, all of which demonstrate a statistically significant 
reduction in time to flatus and defecation.136–140 Cumulative 
time to flatus and defecation were reduced by as much as 20 
and 29 h, respectively.136 Only Noble et al. demonstrated a 
significant reduction in length of stay (1.1 days, p = 0.0016), 
after including a study of nonrandomized patients undergoing 
cystectomy.138,141 Meta-analyses highlight the heterogenicity 
of trials including frequency and duration of gum chewing, 
which varied from TID to QID and 5–30 min in duration. Use 
of epidural anesthesia was varied in open trials; epidurals were 
used in over 85% of patients in trials by Matros and Quah134,135 
but less than half in the trial by Schuster et al.133 Thoracic 
epidural analgesia provides a sympathetic blockade that may 
negate the parasympathetic stimulation of gum chewing. Most 
trials were small, and blinding was difficult to perform.

The economic and social costs of gum chewing are mini-
mal. Schuster et al. estimated a cost of gum at $.04 per stick 
three times daily for 5 days per patients.133 With over 350,000 
colectomies performed annually in the USA, the cost would 
be under $50,000 per year. An average hospital room was 
estimated at $1,500 per day, and the cost of ileus is over 
$750,000,000 annually.1 In addition, although theoretical 
complications such as aspiration or small bowel obstruction 
after gum chewing may exist, no significant complications 
were reported in any of the trials. Gum chewing appeared 
well tolerated and probably is a low-risk intervention for 
patients undergoing colectomy.

Early Ambulation

Early ambulation following abdominal surgery was proposed 
by Ephraim McDowell as early as 1817, but most sur-
geons including Sir William Halstead were more cautious, 
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 keeping patients immobilized for up to 21 days following 
 laparotomy.142,143 In 1941, Leithauser popularized early 
ambulation, listing decreases in pulmonary, circulatory and 
digestive system complications as benefits.144,145

Direct benefits of ambulation on postoperative gastroin-
testinal recovery are inconclusive. In 1990, Waldenhausen 
and Schirmer studied myoelectrical recovery of the gastro-
intestinal tract following surgery and found no difference in 
recovery times for patients who ambulated on postoperative 
day 1 versus day 4.146 Maessen et al. noted ambulating within 
24 h of surgery was associated with early discharge, but not 
reduction in time to flatus or bowel movement.147 Lin et al. 
correlated increased length of ambulation with 36.6% earlier 
discharge following laparoscopic surgery.148 However Zutshi 
et al. found no added benefit for early ambulation in patients 
who participated in comprehensive enhanced recovery pro-
tocols.149

Early ambulation appears to be correlated with reduced 
postoperative respiratory and hematologic complications 
but may not have a direct effect on recovery of bowel func-
tion. Additional benefits include preservation of strength and 
conditioning.150 As there are virtually no disadvantages to 
early ambulation, early ambulation is an established compo-
nent of virtually all accelerated recovery programs. Ideally, 
patients ambulate on the evening of surgery. To accommo-
date early ambulation, lines and tubes are minimized after 
surgery. Foley catheters are removed by postoperative day 1 
for laparoscopic surgery or day 2 after open surgery. Drain-
age catheters are not routinely left in place after surgery.151,152 
By postoperative day 1, patients are encouraged to walk a 
minimum of 60 m and spend 5 or more hours out of bed.153

Prevention of Pulmonary Complications

Pulmonary complications are well established after surgery. 
Churchill described reductions of up to 80% of vital lung 
capacity following surgery in 1928; lung volumes are dimin-
ished after both general anesthesia and abdominal surgery.154,155 
Interventions including early ambulation, minimally invasive 
surgery, and smoking cessation have been evaluated to reduce 
risk of postoperative pulmonary complications.

Delayed ambulation has been directly correlated with wors-
ening pulmonary function. Pain appears to be a factor in both 
ability to ambulate and pulmonary toilet. Kanat et al. dem-
onstrated increased respiratory complications in patients who 
failed to ambulate within 48 h.156 Appropriate pain control 
can be essential in moderating diminished lung capacity.157

Earlier return of forced expiratory volumes was one of the 
first benefits demonstrated from laparoscopic surgery.158,159 
Several studies have demonstrated early recovery of pul-
monary function as evidenced by incentive spirometry.160 
Vignali et al. demonstrated nonsignificant but lower rates 
of pneumonia in patients undergoing laparoscopy.161 A ret-
rospective review by Guller found a decreased incidence 

of  postoperative respiratory complications in laparoscopic 
patients (2.5% vs. 6%, p < 0.001).162 A meta-analysis per-
formed by Abraham et al. demonstrated achieving 80% preop-
erative peak expiratory flow was delayed in 44.3% patients 
having open surgery, but FEV1 and FVC were not signifi-
cantly different when compared to laparoscopic groups.163 
These studies have been criticized for a lack of prospective 
data, disparities between groups, and more importantly the 
relevance of clinical end points, such as spirometry param-
eters and radiographic atelectasis.164

Although all patients are at risk for pulmonary complica-
tions, there appear to be groups who are particularly suscep-
tible. A 2006 review evaluated risk factors and interventions 
in an attempt to reduce postoperative pulmonary compli-
cations.165 Qaseem et al. determined that patients at high 
risk included patients with chronic obstructive pulmonary 
disease, age greater than 60, American Society of Anes-
thesiologist (ASA) class II or greater, and cardiac failure. 
Emergency surgery, general anesthesia, abdominal surgery, 
and procedures longer than 3 h in length all further increase 
risk. Patients deemed high risk of complications benefit from 
deep breathing exercises or incentive spirometry, and the 
selective use of nasogastric tubes, though no single interven-
tion was statistically superior.165

Preoperative smoking cessation may not be advantageous. 
Data regarding postoperative benefits of preoperative smok-
ing cessation is generally inconclusive166 but appears to be 
most beneficial for patients who quit 4–6 weeks before sur-
gery.157 Patients who quit smoking within 2 months of sur-
gery may have a paradoxical increased risk of postoperative 
pulmonary complications, possibly from increased mucous 
production.167

Prevention of Venous Thromboembolism

Colon and rectal surgery patients are at risk for deep venous 
thrombosis (DVT) and pulmonary embolism (PE). Estimates 
are that between 20 and 40% of patients undergoing abdomi-
nal surgery will experience DVT and 2–4% will develop a 
pulmonary embolism.168 Fatal pulmonary embolism occurs 
in up to 1.0% of hospitalized patients, and accounts for 10% 
of hospital deaths, making it the most common preventable 
cause of hospital death in the USA.169,170 Colon and rectal 
surgery patients often have multiple risk factors for venous 
thromboembolism (VTE), listed in Table 9-4, including 
diagnoses such as cancer or inflammatory bowel disease, 
advanced age, and prolonged surgical procedures.171

The rationale for thromboprophylaxis in colorectal patients 
is simple and scientific.172,173 Many of these events are clini-
cally silent and screening is neither clinically nor economi-
cally effective. Prophylaxis for VTE should be a standard 
element in the care of the postoperative colorectal surgery 
patients. There are many highly efficacious methods of pre-
venting VTE. Patient risk should be stratified preoperatively 
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and use of prophylactic regiments including elastic  stockings, 
mechanical sequential compression devices (SCDs), and 
pharmacologic agents should be employed. Risk classi-
fication of patients and general guidelines is included in 
Table 9-5. The American Society of Colon and Rectal Sur-
geons (ASCRS) has provided practice parameters for the 
prevention of venous thromoboemoblism.174

Elastic Stockings and Sequential Compression 
Devices

Elastic stockings and SCDs are mechanical methods of 
increasing venous outflow and reducing stasis in leg veins to 
decrease the risk of DVT. Graduated compression stockings 
function purely on a mechanical level to encourage venous 
return. SCDs are also believed to systemically increase the 

fibrinolytic activity by reducing plasminogen activator.175 
For maximal benefit in patients undergoing surgery, elastic 
stockings or SCDs should be placed before the induction of 
anesthesia and function throughout the operation.

Data on the effectiveness of elastic stockings and SCDs 
is limited. Both methods have demonstrated efficacy in 
reducing the risk of DVT, but neither have been shown to 
decrease the incidence of PE.176–178 Several factors limit 
the effectiveness of SCDs and elastic stockings includ-
ing poor compliance, poor fit, and arterial insufficiency.179 
In an observational study of patient compliance, Cornwell 
et al. observed that only 19% of patients were fully compli-
ant with use of SCDs and patients were using SCDs at the 
time of only 53% of observations in this study.180 If not fitted 
properly, elastic stockings may actually be constrictive and 
paradoxically increase venous pressure below the knees.181 
Compression stockings are not recommended for patients 
with arterial insufficiency or current DVT.182

As sole prophylaxis, compressive stockings and SCDs 
should be reserved for the low-risk patient or patients at high 
risk of bleeding who cannot tolerate prophylaxis pharmaco-
therapy.171 SCDs and elastic stockings may be used in con-
junction with pharmacologic prophylaxis.183,184 Care should 
be taken to ensure that devices are applied regularly, fit 
appropriately, and do not limit ambulation postoperatively.

Aspirin

Although aspirin has significant antiplatelet activities and 
has been used to prevent major vascular events, current rec-
ommendations are that aspirin should not be used as primary 
treatment to prevent VTE.171 A number of trials demonstrated 
no significant benefit from aspirin therapy alone.185,186

Low-Dose Unfractionated Heparin

Unfractionated heparin has been used as a form of DVT pro-
phylaxis since the 1970s and has been shown to be safe in the 
majority of surgical patients. It binds to antithrombin (ATIII) 
and accelerates the inhibition of thrombin and other coagu-
lation factors, particularly factor X. Typically, pTT will be 
unchanged despite use of unfractionated mini-dose heparin. 
Heparin can be reversed with use of protamine. Recommen-
dations are that the initial dose of low-dose unfractionated 
heparin (LDUH) be given 1–2 h preoperatively. Although 
the standard dosing regimen is 5,000 U subcutaneously 
every 8–12 h postoperatively, no study has compared dosing 
regimens directly.

A meta-analysis of LDUH compared 46 randomized clini-
cal trials of LDUH, no thromboprophylaxis or placebo.187 The 
rate of DVT, PE, and fatal PE were each significantly reduced 
(22% vs. 9%, 2.0% vs. 1.3%, and 0.8% vs. 0.3%). Risks of 
use of LDUH include the risk of postoperative bleeding and 
heparin-induced thrombocytopenia (HIT). LDUH is associ-
ated with an increased rate of bleeding events (5.9% vs. 3.5%), 

Table 9-4. Risk factors for venous thromboembolism

Surgery
Trauma (major or lower extremity)
Malignancy
Cancer therapy (hormonal, chemotherapy, radiotherapy)
Previous venous thromboembolism
Increasing age
Pregnancy/postpartum
Estrogen containing oral contraceptive/hormone therapy/modulation
Acute medical illness
Heart/Respiratory failure
Inflammatory bowel disease
Nephrotic syndrome
Obesity
Smoking
Varicose veins
Central venous catheterization

Modified from Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of 
venous thromboembolism. Chest 2008;133:381S–453S.171

Table 9-5. Risk classification of deep venous thrombosis and recom-
mended options for prophylaxis for patients undergoing surgery

Level of risk

Approximate risk 
of DVT without 
thromboprophy-
laxis (%) Suggested options

Low risk (minor 
surgery in mobile 
patients)

<10 Early ambulation

Moderate risk (most 
general surgery 
patients)

10–40 Low molecular weight heparin
Low dose unfractionated 

heparin
Fondaparinux

High risk 40–80 Low molecular weight heparin
Fondaparinux
Oral vitamin K antagonist to 

INR (2–3)

Modified from Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of 
venous thromboembolism. Chest. 2008;133:381S–453S.171

DVT deep vein thrombosis.
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but subsequent analysis demonstrated bleeding was generally 
associated with wound hematomas and not major bleeding.188 
HIT may occur in 5–15% of patients but is less common than 
in patients on full anticoagulation. HIT may cause a paradoxi-
cal hypercoagulable state with arterial and venous thrombo-
sis. The platelet count typically reduces to less than 50% of 
baseline levels and should be followed in patients receiving 
routine heparin and discontinued immediately if diminishing 
significantly.

Low Molecular Weight Heparin

Low molecular weight heparin (LMWH) consists of heparin 
molecules in a smaller range and size than LDUH. The mech-
anism is similar to LDUH in accelerating ATIII inactivation 
of Xa, but LMWH does not inactivate thrombin or bind as 
strongly to plasma moieties. LMWH has greater bioavail-
ability, longer half-life, and more predictable plasma levels 
than LDUH. Because of this, partial thromboplastin time is 
not affected and does not need to be monitored.189 Over time, 
accumulation of antifactor Xa activity and fibrinolysis may 
accumulate in patients on LMWH, especially in patients 
with renal failure. Compared to LDUH, LMWH has a lon-
ger half-life and may not be reversed with protamine infu-
sion. The incidence of HIT is also lower than LDUH (2.7% 
vs. 0%).190,191 Dosing regiments for LMWH are varied. In 
Europe, LMWH (enoxaparin) is typically dosed 20–40 mg 
daily. Americans tend to prefer a 30 mg BID dosing.

LMWH is at least as effective as LDUH in preventing 
DVT in postoperative general surgery and colorectal surgery 
patients. A large European trial randomized 1,351 patients 
undergoing abdominal surgery to LDUH or LMWH.192 The 
incidence of thromboembolic complications was equal (4.7% 
vs. 4.3%), but patients in the LMWH group experienced 
fewer bleeding complications (8.3% vs. 11.8%, p = 0.03). 
A meta-analysis of prospective randomized trials including 
over 5,000 patients confirmed these results.

Despite equal incidence of VTE, cost currently limits the 
use of LMWH. The Canadian Multicentre Colorectal Deep 
Vein Thrombosis Prophylaxis Trial attempted a cost analysis 
in both Canadian and US dollars for the use of LDUH and 
LMWH in a randomized prospective trial of 936 colorectal 
surgery patients.193 Based on their findings of equal efficacy, 
and a trend toward more bleeding in the LMWH group, they 
concluded that LDUH was more cost effective. LMWH was 
twice as expensive as LDUH therapy. This was further sup-
ported by the National Institute of Health and Clinical Excel-
lence who failed to note economic benefits of LMWH when 
compared to LDUH.194

Fondaparinux

Fondaparinux is a selective Factor Xa inhibitor that has 
been successfully used for thromboprophylaxis. A random-
ized controlled study comparing LMWH and fondaparinux 

2.5 mg SC QD demonstrated equivalent rates of VTE, major 
bleeding, and death.195 A second trial compared fondaparinux 
to placebo and SCD’s and found that rates of VTE and DVT 
were significantly lower when using fondaparinux (1.7% vs. 
5.3%, p = 0.004).196 Fondaparinux has a longer half-life than 
LMWH and may result in bioaccumulation in patients with 
altered creatinine clearance. Because of daily dosing, fonda-
parinux has been noted to be cost effective when compared 
to LMWH.197

VTE Prophylaxis and the Use of Epidural  
Analgesia

A rare but potential complication of spinal or epidural anal-
gesia is the risk of bleeding into the spinal canal or epidural 
space. This may result in spinal cord ischemia and paraplegia 
in patients. Risk factors for the development of hematoma 
include high level of anticoagulation and continuous use of 
epidural.198 Tryba et al.199 estimated the overall incidence of 
spinal hematoma to be approximately 1:150,000 after epi-
dural anesthesia and, in the presence of anticoagulation, it is 
estimated to increase to approximately 1:1,000 to 1:32,500 
patients.200,257

Initial data in patients receiving neuroaxial anesthesia 
while receiving prophylactic doses of unfractionated heparin 
failed to show an increase in the incidence of complications 
in 5,528 patients.201 However, the use of LMWH has been 
correlated with an increase in incidence of hematoma.202,203 
In 1998, after 40 cases of spinal hematoma were reported in 
5 years, the Food and Drug Administration (FDA) released a 
public health advisory that anticoagulation with LMWH or 
heparinoids for thromboprophylaxis increases risk of devel-
oping spinal hematomas.204 Interestingly, the increased inci-
dence of spinal complications is noted in US patients, but not 
in European patients. In Europe, patients typically receive a 
dose of enoxaparin of 20–40 mg once per day, as opposed to 
US dosing of 30 mg twice per day.205

Current recommendations are that LDUH or LMWH and 
neuroaxial anesthesia can be used concurrently with appro-
priate caution.171,206 Dosing guidelines, consideration and 
precautions are listed in Table 9-6. Currently, the American 
Society of Regional Anesthesia and Pain Medicine RA do 
not recommend dosing of fondaparinux with neuraxial anes-
thesia.

Duration

Although thromoboprophylaxis is traditionally terminated at 
the time of discharge from the hospital, the risk of DVT and 
PE continues. Several studies have shown a significant rate 
of DVT 4–6 weeks after surgery.207,208 White et al. noted up 
to 66% of thrombotic events occurred following discharge209 
and Agnelli et al. found that 40% of DVT/PE events occurred 
more than 21 days after surgery.210 Bergqvist demonstrated 
prolonged administration of LMWH significantly reduced the 
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incidence of DVT at 3 weeks and 3 months (12.0 vs. 4.8, 
p = 0.02 and 13.8% vs. 5.5% p = 0.01).211 A 2009 Cochrane 
review of four eligible studies noted a decrease in VTE from 
1.7 to 0.2% in patients receiving prolonged thromboprophy-
laxis; the incidence of bleeding complications was slightly 
but not significantly higher in the treatment groups (3.7 vs. 
4.1, p = 0.73).212 Based on this data, reviewers concluded that 
patients should undergo extended thromboprophylaxis for 
1 month following surgery. Determination of which patients 
should receive prolonged therapy and duration of therapy 
will require further evaluation.

Prophylactic Perioperative Antibiotics

Significant literature has focused on the use of periopera-
tive antibiotics for colorectal surgery. Surgical site infections 
account for 14–16% of all hospital acquired infection.213 
Although all antibiotics should be based on the presence of 
infection, culture data, and patient disease, recommenda-
tions for type and duration of antibiotics for prophylaxis of 
infections can now be made.

Prophylaxis is centered on the prevention of surgical 
wound infections. A 2009 Cochrane review evaluated 50 
antibiotics used in over 180 trials and 30,000 patients.214 
Although patients who received antibiotics were less likely 
to develop surgical wound infections when compared to pla-
cebo (RR = 0.30, 95% CI 0.22–0.41), there was no difference 
for short term versus long term prophylaxis (RR = 1.06, 95% 

CI 0.89–1.27) or single versus multiple doses (1.17%, 95% 
CI 0.67–2.05). Additional aerobic and anaerobic coverage 
reduced the risk of surgical wound infections (RR 0.41 and 
0.55) and the use of both oral and intravenous antibiotics was 
superior to intravenous or oral antibiotics alone. Using these 
parameters, there was a 75% reduction in surgical wound 
infections. Further trials to establish timing and dosing were 
recommended.

Guidelines for perioperative antibiotics have been formal-
ized by the Surgical Care Improvement Project, a partnership 
of organizations including the Centers of Medicare and Med-
icaid services (CMS) and US Centers for Disease Control.215,216 
Currently, there are five recommendations relevant to pre-
vention of surgical site infections in colorectal patients (see 
Table 9-7).215,216 Antibiotics should be given within a 60 min 
window of incision and within 2 h when using vancomycin or 
fluoroquinoles. Ideally, this ensures that antibiotics will be in 
adequate tissue concentration at the time of incision. Antibi-
otics given too soon may be eliminated, whereas those given 
too late will not be therapeutic at time of incision. An increase 
in preoperative timing intervals was allowed for vancomycin 
and fluroroquinoles secondary to longer infusion times. Pro-
phylactic antibiotics should be discontinued within 24 h of 
surgery. Prolongation is costly, promotes bacterial resistance, 
and is without evidence of benefit to patients. Patients with 
documented preoperative infections should be treated appro-
priately and do not fall under these recommendations.

Antibiotic recommendations have been standardized 
and are listed in Table 9-7. Additional measures to prevent 

Table 9-6. Anticoagulation and epidural analgesia

Low dose unfractionated heparin
1. Avoid in patients with underlying intrinsic or acquired coagulopathy
2. Heparin administration should be delayed for 1 h following needle/cath-

eter placement
3. Indwelling catheters should be removed 2–4 h after last heparin dose 

and after evaluation of coagulation status
4. Resumption of heparin should be delayed 1 h after catheter removal
5. Monitoring of patient postoperatively for early detection of motor block

Additional recommendations for patients treated with low molecular 
weight heparin

1. Patients on LMWH preoperatively should wait 10–12 h from last dose 
before needle/catheter insertion

2. Presence of blood during needle or catheter placement does not neces-
sitate postponement of surgery, but LMWH should be delayed for 24 h 
postoperatively

3. For patients on twice-daily dosing of LMWH, in-dwelling catheter 
should be removed prior to first dose of LMWH. First dose may be 
administered 2 h after catheter removal

4. For patients on once daily dosing of LMWH, first dose of LMWH may 
be administered 6–8 h postoperatively. The catheter should be removed 
10–12 h after a dose of LMWH and subsequent dosing should occur 
minimum of 2 h after removal

Horlocker TT, Wedel DJ, Benzon H, et al. Regional anesthesia in the anti-
coagulated patient: defining the risks (the second ASRA Consensus Confer-
ence on Neuraxial Anesthesia and Anticoagulation). Reg Anesthesia Pain 
Med. 2003;28:172–197.
LMWH low molecular weight heparin.

Table 9-7. Consensus recommendations of the surgical infection 
prevention guidelines for colorectal surgery

1. Antibiotic should be received within 1 h of surgical incision
2. Prophylaxis antibiotic should be discontinued within 24 h of surgical 

completion
3. Proper hair control (no clippers or hair removal)
4. Maintenance of normothermia in colorectal surgery patients
Oral antimicrobial prophylaxis
 Neomycin + erythromycin
 Neomycin + metronidazole
Parental antimicrobial prophylaxis
 Cefotetan, cefoxitan,
 Ampicillin-sulbactam
 Ertapenem
 Or Cefazolin/cefuroxime + metronidazole
Parental antimicrobial prophylaxis with B lactam allergy
 Clindamycin + aminoglycoside
 Clindamycin + quinolone
 Clindamycin + azotrenam
 Or Metronidazole + aminoglycoside
 Metronidazole + fluoroquinolone

Adapted from material prepared by Stratis Health and the Oklahoma Foun-
dation for Medical Quality, the Quality Improvement Organization Support 
Center for Patient Safety, under contract with the Centers for Medicare & 
Medicaid Services an agency of the US Department of Health and Human 
Services. 9SOW-QIOSC-6.2-09-36.
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 postoperative surgical site infections include appropriate   
preoperative hair removal, prompt removal of urinary 
catheters, and immediate postoperative maintenance of 
normothermia (greater than 96.8°F/36°C) for colorectal 
patients.217

Postoperative Treatment of Adrenal  
Insufficiency

Glucocorticoids and mineralocorticoids are important in 
the control of hemostasis including maintenance of blood 
volume and normal cardiovascular function. In addition to 
hemodynamic changes, use of chronic steroids may have 
other perioperative side such as water retention, delayed 
wound healing, and diabetes.218 After stress of trauma or 
surgery, endogenous steroids are increased up to six times 
from baseline to over 150 mg daily.219 Patients with adrenal 
suppression or insufficiency are unable to secrete sufficient 
corticosteroids.

There are many causes of adrenal insufficiency including 
primary causes: Addison’s disease, tuberculosis, and HIV; 
or secondary causes such as chronic exogenous adminis-
tration. In addition to underlying medical illness, patients 
undergoing colorectal surgery may use steroids chronically 
as a  component of treatment for their primary colorectal dis-
order; patients with inflammatory bowel disease are often 
treated acutely with steroids and steroids may be a compo-
nent of oncologic treatment as well. Patients treated with 
 steroids chronically or with primary steroid deficiencies may 
suffer from adrenal insufficiency during times of stress, such 
as surgical intervention. Any patient on doses of 5 mg pred-
nisone for any prolonged period up to 1 year prior to surgery 
have traditionally been believed to be at risk of postoperative 
adrenal insufficiency.

In actuality, the occurrence of adrenal insufficiency in the 
surgical population is quite rare. Current postoperative reple-
tion is based on two anecdotal reports in 1952 and 1953 that 
led to recommendations that became the standard of care.220,221 
World literature reviews by Salem and Kehlet revealed only 
three cases of death or hypotension attributable to periop-
erative adrenal crisis.222,223 Only two randomized controlled 
trials, each with small numbers of patients, have results 
reported. Glowniak and Loriax performed a randomized 
control trial of 100 mg hydrocortisone versus normal daily 
dose of glucocorticoids plus placebo in 18 patients with an 
average baseline daily dose of 7.5 mg of hydrocortisone.224 
One patient in each group experienced hypotension treated 
with fluid resuscitation. The authors concluded that there 
were no significant differences between the groups and basal 
glucorticoid levels were sufficient to counterbalance periop-
erative stress. The second trial was a randomized crossover 
study of 20 patients undergoing dental surgery.225 Patients 
were randomized to regular dose versus 100 mg hydrocor-
tisone and the authors found no difference in hemodynamic 

parameters. However, both trials were criticized for limited 
power and sample size, and the second study was questioned 
in terms of stress impact of dental surgery in terms of sever-
ity of physiologic stress.

Recent systematic reviews of the literature including a 
2009 Cochrane review failed to find definitive evidence that 
preemptive perioperative supraphysiologic dosing of steroids 
is necessary.226 The Cochrane review evaluated 37 patients in 
the two randomized clinical trials and concluded that studies 
were insufficiently powered to determine whether supple-
mental steroids were needed. deLange and Kars determined 
that current perioperative steroids supplementation is not val-
idated by review of the medical literature and recommended 
continuation of baseline steroids without supplementation 
until further trials establish further evidence.227 Marik and 
Varon concluded that while most patients on exogenous ste-
roids do not require supplementation, there was sufficient 
evidence to supplement patients with primary hypothalamic 
pituitary adrenocortical axis failure such as Addison’s disease 
and congenital adrenal hyperplasia.228 These patients cannot 
increase steroid hormone production and require 48–72 h of 
treatment postoperatively following major surgery.

It is important to recognize the signs of adrenal insuf-
ficiency because they may occur both in the immediate 
postoperative period and beyond in the event of a complica-
tion. Symptoms may include hypoglycemia, cardiovascular 
 collapse, fatigue, abdominal pain, nausea, and vomiting. In 
the postoperative patient presenting with a change in intesti-
nal function, steroid withdrawal should be considered in the 
at-risk population. Stelzer et al. reviewed their 60 steroid-
dependent patients who underwent pouch surgery and devel-
oped signs and symptoms of a bowel obstruction.229 They 
found that 43 had no objective signs of mechanical obstruc-
tion and promptly resolved their symptoms within 4 h of 
steroid administration. At the other extreme of intestinal 
function, Rai and Hemingway reported on a patient present-
ing with high ileostomy output responsive to steroids.230

Postoperative Analgesia

Analgesia following colon and rectal surgery is of para-
mount importance in improving patient satisfaction, early 
ambulation and minimizing sympathetic inhibition postop-
eratively. Narcotics are used to decrease pain after surgery 
by crossing the blood–brain barrier and binding to (mu) 
m-opioid receptors within the central nervous system. How-
ever, a secondary effect of narcotics is stimulation of (mu) m 
receptors in the gastrointestinal tract that contribute to inhi-
bition of bowel function postoperatively. Narcotics have 
been shown to decrease peristaltic activity, delay gastric 
emptying and play an important role in prolonging postoper-
ative ileus.231 Cali et al. demonstrated a positive correlation 
between the amount of morphine used postoperatively and 
prolonged return of bowel sounds (r = 0.74, p = 0.001), time 
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to flatus (r = 0.47, p = 0.003) and time to bowel movement 
(r = 0.48, p = 0.002).232

The use of epidural analgesia was proposed to minimize 
systemic narcotics, decrease inflammation, and create sym-
pathetic blockade leading to earlier return of bowel function 
and decreasing need for narcotics. A randomized trial of 
epidural analgesia by Liu et al. initially demonstrated that 
patients receiving local anesthetic plus opioid postopera-
tively had the best balance of analgesia and return of gas-
trointestinal function.233 In 2000, a Cochrane review of eight 
studies comparing local epidural versus opioid-based regi-
ments concluded patients receiving local anesthetic without 
narcotic accelerated return of gastrointestinal function with 
comparable postoperative pain.234

More recent data demonstrates equivalency in length 
of stay and gastrointestinal recovery for patients receiv-
ing thoracic epidural analgesia versus intravenous patient 
controlled analgesia (PCA). A 2001 large multicenter VA 
study of 1,021 patients demonstrated reduced postoperative 
pain scores ( p > 0.01) with thoracic epidural but no reduc-
tion in length of stay or complications rates.235 Senagore 
performed a randomized trial of epidural versus PCA, using 
identical dietary regimens, and demonstrated similar hospi-
tal stays in both groups, 2.3 versus 2.4 days in laparoscopic 
cases.236 A 2005 Cochrane review concluded pain scale 
ratings were higher in the PCA groups, but there was no 
difference in return of bowel function or length of stay.237 
This is further  supported by a recent meta-analysis of 16 
studies demonstrating reduced pain scores in the epidural 
group, slightly decreased time to return of bowel function 
(weighted mean difference – 1.55 days) but no change in 
the length of stay.238

Notwithstanding the lack of evidence supporting use of epi-
durals, many centers still use them, particularly in European 
enhanced recovery pathways. Zutshi noted improved epidu-
ral pain scores were not durable; pain scores were reduced at 
48 h, but equivocal at discharge.239 Patients with thoracic epi-
durals were more likely to experience urinary retention, pru-
ritis, and arterial hypotension postoperatively.238 Although 
costs may be lower in patients with thoracic epidurals,239 dif-
ficulty inserting epidurals has been reported in up to 40% of 
patients.240 Postoperative reduction of ileus and earlier return 
of bowel function are effective only with thoracic epidurals 
using local anesthetic alone without fentanyl,241,242 and sev-
eral studies have demonstrated that epidurals should remain 
in place for 48 h to maximize benefits.233,243,244 In these cases, 
continuation of the epidural may prolong hospitalization, 
especially after laparoscopic resection.240

Multiple studies have investigated the use of alternative 
analgesic regiments to avoid the use of narcotics including 
ketorolac, diclofenac, and gabapentin. Nonsteroidal anti-
inflammatory drugs (NSAIDs) have been shown to reduce 
interruption of gut motility postoperatively.245 Ketorolac, at 
doses of 15–30 mg, has been demonstrated to decrease post-
operative pain, the need for narcotics and time to recovery 

of bowel function after abdominal surgery.246–248 Schlachta 
et al. performed a randomized study of patients receiving 
PCA versus PCA with ketorolac and found patients receiv-
ing ketorolac used less narcotics (33 mg vs. 66 mg, p = 0.011) 
with improved pain control and were more likely to ambulate, 
and have earlier return bowel function (2.0 days vs. 3.0 days, 
p < 0.001).249 However, these improvements did not translate 
into a shorter postoperative length of stay. Chen et al. dem-
onstrated similar improvements in time to bowel movement 
(1.8 days vs. 2.4 days, p = 0.001), and patients receiving ketor-
olac were 5.25 times less likely to have postoperative ileus.250 
Cyclooxygenase-2 inhibitors have been used in postopera-
tive pain management and to promote earlier return of bowel 
function but cardiac and safety concerns have limited their 
use in the USA.251,253 Patients receiving a nonspecific NSAID, 
diclofenac, have also been shown to have lower use of narcot-
ics postoperatively and may have earlier return of bowel func-
tion.254 Gabapentin is an antiepileptic drug with efficacy in 
neuropathy, neuralgia, and neuropathic pain has been studied 
in multiple randomized trials. Although evidence is limited in 
gastrointestinal surgery, patients undergoing abdominal hys-
terectomy and mini cholecystectomy had reduced pain scores, 
opioid consumption, and incidence of nausea after receiving 
600 mg of gabapentin 2 h preoperatively.254–256

Reducing the use of postoperative narcotics has a role in 
recovery of bowel function, avoiding postoperative ileus, and 
reduced length of stay. The use of thoracic epidural appears 
to reduce postoperative pain but not length of stay. Use of 
narcotic sparing analgesia such as ketorolac and gabapentin 
may help improve pain control and reduce the incidence of 
postoperative ileus.

Conclusion

The care of the postoperative colon and rectal surgery patient 
has undergone significant changes over the past 20 years. 
Optimization of perioperative fluids, early ambulation, timing 
of oral nutrition and gastric stimulation, prophylaxis for VTE, 
minimization of narcotics, and avoidance of postoperative 
ileus have led to substantial reductions in length of postopera-
tive stay and improvements in postoperative care. A significant 
body of literature evaluating and testing various care options 
is now available. By combining care elements into standard-
ized fast track or enhanced recovery protocols, average length 
of stay can be reduced without compromising complication or 
readmission rates. Implementing a fast track protocol requires 
multidisciplinary teams, with patient and provider education 
to be truly successful. However, patient care benefits as well 
as health cost savings may be substantial.252
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10
Postoperative Complications
David W. Dietz

Whether practicing in a small rural hospital or a large tertiary 
referral center, colorectal surgeons will encounter a variety 
of postoperative complications. The ability to minimize, rec-
ognize, and effectively treat these problems is paramount to 
achieving quality outcomes for our patients. This chapter 
focuses on those surgical complications most often encoun-
tered by colorectal surgeons: injuries to the bowel and 
genitourinary structures, pelvic hemorrhage, small bowel 
obstruction, wound infections, abscesses, and anastomotic 
leaks, strictures, and bleeding.

Unrecognized Enterotomies  
and Enterocutaneous Fistulae

Patients undergoing extensive adhesiolysis are at the highest 
risk for enterotomies. An enterotomy, while a complication, 
can be easily and promptly managed. In cases in which any 
significant degree of adhesiolysis is performed, the entire 
bowel should be carefully inspected at the end of the proce-
dure. Although the natural history of serosal tears is unknown, 
they should be repaired when recognized with imbricating 
seromuscular sutures. Full-thickness enterotomies can be 
repaired using a number of different and equally effective 
techniques: one common method is a two-layer closure using 
an inner layer of absorbable seromuscular sutures and an 
outer layer of permanent Lembert sutures. In cases in which 
multiple enterotomies have occurred within a short segment 
of bowel, resection of the involved segment with primary 
anastomosis is performed. If the mesentery has also been 
injured during the course of adhesiolysis, the viability of the 
bowel ends should be confirmed before anastomosis. Imbri-
cation of excessive amounts of mucosa and submucosa may 
cause excessive luminal narrowing with subsequent obstruc-
tive symptoms. Thus, long longitudinal  seromyotomies may 
be treated by converting them to full-thickness lacerations 
and closing them in a strictureplasty fashion.

Failure to recognize an enterotomy at the time of surgery 
will lead to one of several postoperative complications. The 
patient may develop peritonitis within the first 24–48 h after 
surgery. This problem may be difficult to detect in the back-
ground of narcotic analgesia and the surgeon and patient’s 
expectation of postoperative incisional pain. The diagnosis 
is purely based on patient’s appearance and examination. 
The usual markers of bowel perforation (leukocytosis, fever, 
and pneumoperitoneum) are not reliable, because they are 
normal findings in the early postoperative patient. A high 
index of suspicion should be maintained with a low thresh-
old for reexploration. Reoperation within the first several 
days is usually not difficult because significant adhesions 
have not yet formed. Most enterotomies found in this situ-
ation can be primarily repaired, provided that the bowel 
edges are viable. If conditions are not favorable for primary 
repair, a diverting stoma should be created proximal to the 
repair. An especially difficult situation is that in which bil-
ious fluid is encountered at reexploration but no enterotomy 
can be found. After running both the small and large bowel 
at least twice and excluding a duodenal, gastric, or gall-
bladder injury, the only remaining option may be to place 
drains in both paracolic gutters and the pelvis in hopes of 
creating a controlled enterocutaneous fistula. Insufflation of 
the small bowel with carbon dioxide gas through a nasogas-
tric tube has also been described as a method for localizing 
small enterotomies. Gas bubbles may be seen emanating 
from the site of injury after the abdomen has been filled 
with saline.

An unrecognized enterotomy may also present as an 
enterocutaneous fistula, with enteric drainage emanating 
from the incision or wound later in the postoperative course. 
If there are no signs of sepsis, a nonoperative approach may 
be considered, especially if the patient is more than 1 week 
removed from surgery. Laparotomy after the first postop-
erative week is often extremely difficult. Dense, vascular 
adhesions may be encountered and there is significant risk 
of making the situation worse with further enterotomies or 
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mesenteric vascular injury. Instead, the patient is placed on 
complete bowel rest, a nasogastric tube is inserted, broad-
spectrum antibiotic coverage is initiated, and a computed 
tomography (CT) scan is obtained to assess for an associated 
abscess or fluid collection. If a fluid collection greater than 
4 cm in diameter is present, percutaneous, radiologically 
guided drainage should be used. If available, an enteros-
tomal therapist should be involved to assist with pouching 
the fistula in order to protect the skin from irritating enteric 
contents. In most cases, parenteral nutrition will be started 
to meet the patient’s caloric and protein requirements in 
anticipation of a prolonged period of fasting. H2 antagonists 
should be added to decrease gastric secretions. Somatostatin 
analogs may also be used to decrease the volume of fistula 
output, although they do not seem to increase the rate of 
spontaneous fistula closure.1 The rate of spontaneous small 
bowel fistula closure varies but is typically less than 50%. 
Chances of spontaneous closure are thought to be reduced 
by high output because of proximal location, distal obstruc-
tion, local sepsis, radiation exposure, a short or epithelialized 
tract, malignancy, a foreign body in the tract such as mesh 
and/or sutures, Crohn’s disease, and malnutrition.2,3

Most enterocutaneous fistulas that spontaneously close 
will do so within the first month. If the fistula persists, fibrin 
glue injection can be attempted. Several reports have been 
published describing this technique and successful closure 
has been achieved in some cases.4 – 6 Although no large series 
exists to define the success rate, little progress is lost in mak-
ing the attempt. Surgical intervention should be delayed until 
all sepsis has resolved, adequate nutrition has been restored, 
and intraabdominal adhesions have softened to the point of 
allowing safe reoperation. Most authors recommend a delay 
of at least 6 weeks since the last laparotomy, but 3–6 months 
may be more appropriate.7,8 Experience has dictated that the 
longer one can wait until reoperation, the better. This must, 
of course, be balanced against the patient’s medical and 
social condition, and their degree of patience. Appropriate 
management of the often highly caustic effluent including 
pouching by an enterostomal therapist is a very important 
measure.

The outcome from our department regarding the surgical 
management of over 200 patients with small bowel enterocuta-
neous fistulas was recently reported. Following the principles 
outlined above, the ultimate healing rate was approximately 
80% with a median follow-up of 9.5 months. Most fistulas 
that recurred did so within the first 3 months. The only sta-
tistically significant predictor of recurrence identified was 
surgical technique. Fistulas that were primarily repaired 
recurred in 36% of cases, whereas the recurrence rate in those 
treated with segmental bowel resection was only 16%. There 
was a trend toward better outcomes with a longer interval 
between the index surgery and the operation for fistula repair 
(<3 months, recurrence rate 28%; 3–6 months, recurrence 
rate 15%; >6 months, recurrence rate 10%). Ninety-day 
operative mortality was 3.5%.8

Anastomotic Complications

Anastomotic complications are among the most feared in 
colorectal surgery. They can lead to emergent reoperation 
and/or a prolonged, complicated, and costly postoperative 
hospitalization. If the patient recovers from the acute event, 
chronic sequelae may develop because of stricture or pelvic 
fibrosis leading to poor bowel function and the possibility of 
further revisionary surgery or permanent fecal diversion.

Anastomotic complications are usually related to techni-
cal factors such as ischemia, tension, poor technique, stapler 
malfunction, or preexisting conditions such as local sepsis, 
poor nutrition, immunosuppression, morbid obesity, and 
radiation exposure. The contribution of the former set of vari-
ables may be minimized by a careful, methodical approach 
to construction of the anastomosis (Table 10-1). For colorec-
tal anastomoses, a tension-free anastomosis may be achieved 
by full division of the lateral attachments of the descend-
ing colon, complete mobilization of the splenic flexure, high 
ligation of the inferior mesenteric artery (IMA), separation 
of the omentum from the distal transverse colon and mesoco-
lon, and division of the inferior mesenteric vein (IMV) at the 
lower edge of the pancreas. Adequate blood supply should 
be confirmed by cutting across the marginal artery or bowel 
wall with anything less than pulsatile bleeding considered 
unacceptable. Further colon resection should be performed 
until adequate bleeding is encountered. If necessary, anasto-
moses between the hepatic flexure or distal ascending colon 
and rectum are easily achieved by passing the colon through 
a window in the mesentery of the terminal ileum.

Nutritional status, degree of immunosuppression, and gen-
eral medical condition should be considered when deciding 
whether or not to perform a primary anastomosis. If severe 
malnutrition (albumin <2.0 or weight loss >15%) or signifi-
cant immunosuppression (chemotherapy, high-dose steroids, 
antitumor necrosis factor drugs) are present, either an end-
colostomy and Hartmann stump or a proximal loop ileostomy 
will minimize the risk of complications. Stoma takedown can 
then be performed if and when these factors have been cor-
rected. A 3-month waiting period is advised for closure of a 

Table 10-1. Steps to minimize risk of leak from colorectal or 
coloanal anastomoses

1. Ensure good blood supply (pulsatile bleeding from marginal artery at 
level of anastomosis)

2. Ensure tension-free anastomosis by complete mobilization of splenic 
flexure (includes high ligation of inferior mesenteric artery and ligation 
of inferior mesenteric vein at lower border of pancreas)

3. Avoid use of sigmoid colon in creation of anastomoses
4. Inspection of anastomotic donuts for completeness after circular stapled 

anastomoses
5. Air or fluid insufflation test to rule out anastomotic leak immediately 

after construction in the operating room
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loop ileostomy. Laparotomy for takedown of an end stoma is 
generally deferred for 6 months. Preoperative weight loss, if 
able to be accomplished by the morbidly obese patient, will 
make the construction of deep pelvic anastomoses easier. 
When operating in the radiated pelvis, one end of the bowel 
used to construct the anastomosis should come from outside 
the field of radiation.9 The double-stapled technique and other 
intersecting staple lines may have a higher predisposition to 
leak than a single stapled or hand sutured anastomosis.

Bleeding

Anastomotic bleeding is common and varies greatly in 
severity. In most cases, bleeding is minor and is manifested 
by the passage of dark blood with the patient’s first bowel 
movements after surgery. In rare instances, bleeding can be 
significant and require transfusion and active intervention.

Bleeding can occur after either stapled or hand-sewn anas-
tomoses, but is probably more common with the former. This 
complication can be reduced by careful inspection of the 
staple line, particularly in the case of side-to-side/functional 
end-to-end anastomoses. Before closing the enterotomy 
through which the stapler was introduced, the linear staple 
line can be everted and inspected. Routine intraoperative 
endoscopy after the construction of coloanal or colorectal 
anastomoses may allow intraoperative rather than postop-
erative control of bleeding.10 Bleeding points should be con-
trolled with sutures rather than cautery to prevent a deep 
burn injury which may lead to delayed leak. The incidence 
of bleeding from the linear staple line can be minimized by 
using the antimesenteric borders of each limb to construct 
the anastomosis, thus avoiding inclusion of the mesentery 
in the staple line. Alternatively, full-thickness staple line 
reinforcement may be undertaken with interrupted sutures to 
ensure optimal hemostasis.

Bleeding from circular stapled anastomoses or from the 
staple lines of ileal or colonic J pouches is usually not diag-
nosed until after the patient has left the operating room. After 
performing proctoscopy to evacuate clot from the rectum or 
neorectum, a rectal tube is inserted and a 1:100,000 solu-
tion of saline and epinephrine is instilled. The tube is then 
clamped for 15 min. If bleeding persists after the solution is 
allowed to drain, the procedure may be repeated. If bleed-
ing continues or hypotension develops, the patient should be 
returned to the operating room for transanal examination of 
the anastomosis or pouch under anesthesia. Bleeding from 
anastomoses that are not accessible using these techniques, 
such as ileocolic or enteroenteric, may be managed with 
supportive care and correction of any underlying coagulopa-
thy. If bleeding is severe, angiography may be required to 
localize the site and allow selective infusion of vasopressin. 
Alternatively, colonoscopy may be used. If the anastomosis 
can be visualized, the bleeding site can be treated with either 
cautery, injection of epinephrine, or endoscopic clips. In rare 

cases, reoperation with oversewing or resection of the bleed-
ing anastomosis may be required.

Leaks

The incidence of anastomotic leak varies widely and is 
related to the factors listed above as well as the type of anas-
tomosis. The lowest leak rates are seen after small bowel 
or ileocolic anastomosis (1–3%), whereas the highest occur 
after coloanal anastomosis (10–20%). Vignali et al. reported 
on 1,014 colorectal anastomoses.11 The overall clinical leak 
rate was 2.9%. The incidence of leak was strongly associated 
with the distance of the anastomosis from the anal verge. 
Eight percent of low anastomoses (<7 cm from anal verge) 
leaked compared with only 1% of high anastomoses (>7 cm 
from anal verge). Although diabetes mellitus, use of a pelvic 
drain, and duration of surgery were each related to anasto-
motic leak in the univariate analysis, only low anastomosis 
was predictive in the multivariate model. Again, this higher 
leak rate may be related to the double stapling technique.

Another high-risk anastomosis is the ileal pouch-anal 
anastomosis. Leak rates of 5–10% have been reported.12–14 
Data from series of ileal pouch-anal anastomosis in patients 
with ulcerative colitis identify immunosuppressive drug 
therapy as a significant risk factor. Prednisone >40 mg/day 
and antitumor necrosis factor alpha agents have both been 
shown to increase the risk of ileal pouch-anal anastomotic 
leaks and pelvic sepsis in some studies.15,16

Role of Fecal Diversion

The creation of a proximal diverting stoma minimizes the 
severe consequences of an anastomotic leak but it does not 
reduce the incidence of leak itself.17–19 A diverting stoma 
should be considered for any high-risk anastomosis [coloa-
nal, low colorectal (<6 cm from anal verge), ileoanal]. In 
addition, patient factors such as severe malnutrition, signifi-
cant immunosuppression, hemodynamic instability, exces-
sive intraoperative blood loss, and purulent peritonitis or 
pelvic sepsis should be considered as indications for diver-
sion (Table 10-2). Consideration should also be given to 
the patient’s comorbidities and general condition; in cases 
in which the “physiologic reserve” necessary to tolerate an 
anastomotic leak does not exist, the use of a proximal stoma 
should be strongly entertained even if other risk factors are 
not present. Neoadjuvant radiation therapy does not seem 
to increase the incidence of anastomotic leak in patients 
undergoing restorative proctectomy for rectal cancer20,21 but 
this may be because of the tendency for surgeons to cover 
these anastomoses with a proximal stoma, thus reducing the 
clinical manifestations of a leak. In fact, recent data from a 
large randomized trial assessing the efficacy of short-course 
neoadjuvant radiation therapy in rectal cancer found that a 
protecting stoma reduces the need for surgical intervention 



160 D.W. Dietz

should an anastomotic leak occur.22 When in doubt it is defi-
nitely safer to divert than to avoid diversion.

Role of Pelvic Drains

The use of pelvic drains is controversial. Whereas surgeons 
have long believed that preventing the collection of fluid or 
hematoma in the pelvis minimizes the risk of anastomotic leak, 
the use of drains has not been shown to be of benefit or harm 
in a recent, large randomized study23 and in a metaanalysis.24 
However, examination of the data from the Dutch TME trial 
showed that the use of pelvic drains reduced the incidence of 
clinical anastomotic leak after short-course neoadjuvant radia-
tion therapy from 23 to 9%. In the absence of data suggesting 
harm, the author routinely drains low colorectal or coloanal 
anastomoses, especially after neoadjuvant therapy.

Diagnosis and Management of Anastomotic Leak

Anastomotic leaks can be divided into “free” and “con-
tained” varieties. Free leaks are those in which fecal con-
tents leak from the anastomosis and spread throughout the 
abdominal cavity. Patients usually present with fever, tachy-
cardia, leukocytosis, and diffuse peritonitis. Feculent fluid 
may present itself through the surgical incision or via the 
pelvic drains. Hypotension and other signs of systemic sep-
sis may ensue. If the patient is stable, radiologic investiga-
tion may be helpful to localize the leak and to determine its 
size and severity, although this is usually readily apparent at 
laparotomy. Radiographic studies, however, should not be 
allowed to delay reoperation.

Patients with “free” leaks should be taken to the oper-
ating room after fluid resuscitation and administration of 
broad-spectrum intravenous antibiotics. Surgical treatment 
will be dictated by the findings at operation. Most leak-
ing colorectal anastomoses will require abdominal washout 
and takedown of the anastomosis with creation of an end-
colostomy and Hartmann stump. If the stump cannot be 
stapled or sutured closed because of the friability of the tis-
sues, transabdominal pelvic and per-anal drains should be 
placed. However,  leaking ileocolic or small bowel to small 

bowel anastomoses can occasionally be repaired primarily 
in carefully selected circumstances, i.e., small defect with 
viable edges. However, resection of the anastomosis with 
either reconstruction or creation of a stoma is the most con-
servative option. Placing the repaired anastomosis directly 
under the midline incision will usually result in an entero-
cutaneous fistula rather than a second bout of peritonitis 
should the repair fail. If the viability of the bowel ends is 
questionable, takedown of the anastomosis and creation of 
a stoma is mandatory. Small defects in colorectal anasto-
moses may also, under ideal circumstances, be repaired 
primarily and covered with a proximal ileostomy. This 
is contraindicated, however, if there is a significant fecal 
load present between the ileostomy and the site of repair. 
Despite recent trends, mechanical bowel preparation for 
left-sided colorectal resections may still be wise for this 
reason alone.

Creating a stoma in the setting of an anastomotic leak 
can be particularly challenging. Severe peritonitis with 
a thickened and rigid mesentery may make it difficult to 
create an end-colostomy in the conventional manner. If a 
stoma does not reach skin level through an aperture away 
from the midline incision, two options exist. The first is 
to create a “loop-end” stoma. This often provides extra 
mesenteric length and also has better blood supply than a 
traditional end stoma. The second option is to bring the 
stoma up to the skin through the upper aspect of the mid-
line wound. While this may present pouching difficulties 
for the patient, it is sometimes the only alternative in cases 
of intraabdominal catastrophe. Simply wrapping the exte-
riorized bowel with gauze and then performing delayed 
maturation of the stoma in 5–7 days will ensure viability 
of the stoma and insure against complete mucocutaneous 
separation and retraction.

“Contained” leaks are those in which the extravasation of 
contrast material is limited to the pelvis and usually result 
in the development of a pelvic abscess (Figure 10-1). If the 
abscess cavity is small and contrast flows freely back into 
the bowel, the patient may be treated with intravenous anti-
biotics, bowel rest, and observation. If the abscess is larger 
or somewhat removed from the site of the anastomosis, 
then percutaneous abscess drainage using CT or ultrasound 
guidance may avoid laparotomy. Such leaks rarely require 
immediate operation for fecal diversion, but surgery may 
eventually be required if the patient is left with a cutaneous 
fistula, anastomotic stricture, or chronic presacral cavity as 
a consequence.

Fistulae

Anastomotic leaks may also result in fistulae to the skin, vagina, 
male genitourinary system, or chronic presacral abscess (pre-
sacral sinus). Colocutaneous fistulae will frequently close with 
conservative management consisting of either bowel rest with 
total parenteral nutrition or a low residue diet and pouching 

Table 10-2. Indications for a diverting loop ileostomy

1. Coloanal or low colorectal anastomosis (<6 cm from anal verge)
2. Ileoanal anastomosis
3. Severe malnutrition
4. Significant immunosuppression (i.e., prednisone >40 mg/day,  

anti-TNF agents)
5. Hemodynamic instability
6. Excessive intraoperative blood loss
7. Purulent peritonitis
8. Pelvic sepsis
9. Neoadjuvant therapy
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of the fistula to protect the surrounding skin. If drainage per-
sists, reoperation for fistula takedown and reconstruction of 
the anastomosis can be performed after a delay of 3–6 months. 
Patients can usually eat a normal diet during this time period 
to maintain nutritional status. Fibrin glue injection has been 
reported as a successful alternative to surgery.6

Colovaginal fistulae are usually the consequence of either 
an anastomotic leak necessitating through the vaginal cuff in 
a patient who has undergone a prior hysterectomy or the inad-
vertent inclusion of the vagina during creation of a stapled 
anastomosis. In either case, spontaneous closure is rare. If 
the vaginal drainage is copious and intolerable to the patient, 
proximal fecal diversion may be necessary. An alternative 
measure to avoid a stoma during the period of fistula matu-
ration is to use a large-volume daily enema to evacuate the 
colonic contents at a predictable time each day. After a wait-
ing period of 3–6 months, reoperation may be performed. 
Options include attempts at local repair using advancement 
flaps (colonic or vaginal)/sleeve advancements, tissue inter-
position (labus majorum or gracilis), or laparotomy with 
redo coloanal anastomosis.

Chronic presacral abscess or sinus may result from a pos-
terior leak from a coloanal or ileal pouch-anal anastomosis. 
Patients may have an occult presentation consisting of vague 
pelvic pain, fevers, frequency of stool, urgency, and bleed-
ing. A pelvic CT scan usually shows presacral inflammatory 
changes and a contrast enema confirms the presence of a 
sinus tract originating from the posterior midline of the anas-
tomosis and extending cephalad into the presacral space 
(Figure 10-2). Examination under anesthesia can then be 
performed with careful inspection of the anastomosis.  
A probe or clamp is placed through the anastomotic defect 
and the chronic presacral cavity is simply lain open using 

cautery and gently curetted of granulation tissue. An alternative 
to using cautery is to open the sinus with a laparoscopic 
linear cutting stapler to divide the luminal-cavity septum. 
Either method allows free drainage of the presacral abscess 
and healing by secondary intention. This may result in a 
chronic posterior sinus or “pseudo-diverticulum.” Successful 
management of an anastomotic sinus or chronic cavity has 
been described in Europe with an endoscopically placed 
vacuum-sponge device. A Dutch multicenter experience 
included 16  patients with early and late sinuses.25 Closure 
was obtained in 11 of the 16 patients at a mean of 40 days 
and a median of 13 sponge replacements. If these approaches 
fail, then a redo coloanal anastomosis may be considered.

An especially useful, but not widely known, operation that 
can be employed in these situations is the “Turnbull–Cutait” 
abdominoperineal pull-through procedure. This operation 
was devised and reported on by Turnbull, Cutait, and Bacon, 
among others.26–28 The technique involves two stages. In the 
first stage, after the failed coloanal anastomosis has been 
resected and pelvic sepsis debrided, the mobilized descending 
colon is brought through the anal canal and exteriorized to the 
extent that it can be wrapped with gauze to secure it in place. 
Five to ten days later, the patient is returned to the operat-
ing room for the second phase where the exteriorized portion 
of colon is excised and the delayed coloanal anastomosis is 
performed by a perineal approach (Figure 10-3A–D). Remzi 
et al.29 have recently reported our experience with this proce-
dure in 67 patients, mostly for salvage of pelvic anastomotic 

Figure 10-1. Pelvic abscess resulting from ileocolic anastomotic 
leak (white arrow). Extravasated enteric contrast can be seen in the 
right pelvis tracking down toward the abscess.

Figure 10-2. Gastrografin enema demonstrating chronic presacral 
sinus in a patient after ileal pouch-anal anastomotic leak.
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complications (recto-vaginal and -urethral fistulas, strictures, 
presacral abscess, etc.). The procedure was successful in 75% 
of patients. Bowel function was felt to be satisfactory by most 
patients and was comparable to a matched group undergoing 
primary coloanal anastomosis for rectal cancer.

Stricture

Anastomotic stricture may be the end result of anastomotic 
leak or ischemia. It typically presents 2–12 months after sur-
gery with increasing constipation and difficulty evacuating. If 
the initial resection was done for malignancy, recurrence as a 
cause of the stricture must be excluded with a combination of 
CT scan and fluorodeoxyglucose–positron emission tomog-
raphy (PET) scan. Biopsy is mandated if a mass or abnormal-
ity is identified. Low colorectal, coloanal, or ileal pouch-anal 
anastomotic strictures may be successfully treated with 
repeated dilatations using an examining finger or rubber dila-
tors. Dilatation is more successful if initiated within the first 
few weeks after surgery. In fact, almost all coloanal or ileoa-
nal anastomoses stricture to some degree during the early 

postoperative period, especially if a diverting stoma is present. 
All such anastomoses should undergo digital examination at 
4–6 weeks after surgery and just before stoma closure (usually 
at 2–3 months). Strictures are usually soft and easily dilated 
during these examinations. Higher colorectal, colocolic, or 
ileocolic strictures may be approached using endoscopic bal-
loon dilatation (Figure 10-4). If these measures fail, or if the 
stricture is extremely tight or long, revisionary surgery may 
be required. These are difficult operations, however, because 
of the pelvic fibrosis that develops after anastomotic leak and 
complications are common. In some cases, permanent fecal 
diversion is the only option.30,31

Genitourinary Complications

Ureteral Injuries

Injury to the ureters typically occurs at one of four specific 
points during pelvic intestinal surgery. The first is dur-
ing high ligation of the IMA where the junction between 
the upper and middle thirds of the left ureter lies in close 

Figure 10-3. A–D Turnbull–Cutait abdominoperineal pull-through procedure.
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 proximity to the vessels. Failure to mobilize the ureter later-
ally before ligation of the IMA may result in its inclusion 
with the  vascular pedicle when clamped and subsequent 
division. It is good practice to always confirm the position 
of the left ureter before and after applying clamps to the 
IMA and before division of the vessel. Injury at this level is 
usually limited to transection and can be repaired primarily 
using an end-to-end, spatulated anastomosis performed over 
a stent. The second point of danger is during mobilization of 
the upper mesorectum near the level of the sacral promon-
tory. It is at this point that the ureters cross over the bifur-
cation of the iliac artery and course medially as they enter 
the pelvis. The left ureter may be closely associated with 
the sigmoid colon and can even be adherent secondary to 
prior inflammatory processes. The injury may be tangential 

and not readily  recognized in the setting of a phlegmon or 
abscess. Ureteral stents in this setting are most beneficial in 
identifying the injury rather than preventing it. Injury at this 
level is usually managed by either primary repair or ligation 
of the distal stump and creation of a ureteroneocystostomy 
with a Boari flap or psoas hitch repair.

The third point of risk is during the deepest portion of the 
abdominal phase of the operation. Anterolateral dissection 
in the plane between the lower rectum, pelvic sidewall, and 
bladder base can result in ureter injury at the ureterovesical 
junction. The ureter may also be injured at this level during 
division of the lateral stalks. The final area of risk is during 
the most cephalad portion of the perineal phase of the opera-
tion. If exposure is limited (obese patient, android pelvis), 
the ureter may be unknowingly divided near the ureterovesical 

Figure 10-4. Endoscopic balloon dilatation of a colorectal anastomotic stricture: A 5-mm colorectal anastomotic stricture, B balloon dilator 
inflated, C result.
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junction. In either of these circumstances, the injury can be 
managed by creating a ureteroneocystostomy. The  ureter is 
reimplanted into the bladder by tunneling the ureter through 
the bladder wall and creating a mucosa to mucosa anasto-
mosis.

Should ureteral injury occur, the key to minimizing its 
consequence is immediate (intraoperative) recognition 
and repair of the injury. In cases in which a difficult pel-
vic dissection is anticipated, because of prior pelvic surgery, 
inflammation, or a locally advanced tumor, the preoperative 
placement of ureteral stents can be invaluable. Although the 
literature does not demonstrate that stents prevent ureteral 
injuries, palpation of the stents can aid in localization of the 
ureters and can also facilitate identification and repair should 
injury occur. In cases in which the surgeon is suspicious of 
occult injury, indigo carmine can be administered intrave-
nously. After several minutes, the urine turns blue-green and 
the operative field can then be inspected for staining. Unfor-
tunately, the literature suggests that less than 50% of ureteral 
injuries are identified intraoperatively, usually because the 
injury is not suspected. Ureteral stents should be used selec-
tively, however, because their use can lead to complications 
such as obstruction secondary to hematoma, perforation, or 
acute renal failure. As is the case with all complications, it 
is far better to avoid them than to treat them; Specifically in 
this instance, if there is a premonition of significant anatomic 
distortion at one or more of the points of potential ureteric 
injury then intraoperative ureteric catheterization should be 
undertaken. These settings typically include patients with 
recurrent Crohn’s disease, chronic diverticulitis, leaked pel-
vic anastomoses, and pelvic irradiation.

Urethral Injuries

Iatrogenic injury to the urethra occur during abdomino-
perineal resection (APR) or total proctocolectomy. The injury 
typically occurs during the perineal portion of the procedure 
and usually involves the membranous or prostatic portion. 
Intraoperatively, urethral injury may be recognized by visu-
alization of the bladder catheter through the defect. These 
injuries may be difficult to avoid in the presence of a large, 
deeply penetrating anterior tumor in which the involvement 
of the prostate gland can occur. Desmoplastic reaction to the 
tumor or edema from neoadjuvant radiation therapy may also 
obscure anatomic planes. Small injuries can be repaired at 
the time of surgery using 5-0 chromic sutures with the Foley 
catheter left in place to stent the repair for 2–4 weeks. Larger 
injuries or those not presenting until the postoperative period 
(urine draining from the perineal wound) require proximal 
urinary diversion via suprapubic catheter and delayed repair. 
This should be performed by a skilled urologist with experi-
ence in urethral reconstruction and typically utilizes a gra-
cilis muscle flap. If the patient is deemed at high risk for a 
urethral injury the intraoperative placement of a large diam-
eter bladder catheter may be useful to avoid the injury.

Bladder Injury

Bladder injuries are relatively frequent and are, in most 
cases, related to resection of an adherent rectosigmoid 
tumor or diverticular phlegmon. When created purposefully 
or recognized immediately, defects in the bladder dome are 
easily repaired in two layers with a Foley catheter then left 
in place for 7–10 days postoperatively. Before removal, a 
cystogram may be obtained to confirm healing. Injuries to 
the base of the bladder are more problematic. The major risk 
of repair in this situation is occlusion of the ureteral orifice 
at the trigone. Most urologists advocate opening of the blad-
der dome to gain access to the bladder lumen with subse-
quent repair of the trigone injury under direct vision from 
the interior. Ureteral patency is confirmed at the conclusion 
of the repair before closing the cystotomy. Injuries not rec-
ognized at the time of surgery will present in the postopera-
tive period with urine in the abdominal cavity, pneumaturia, 
or fecaluria. Initially, fecal and urinary diversion may be 
necessary to temporize the situation until reoperation can be 
safely performed. At that time, takedown of the colovesical 
fistula can be performed with primary repair of the blad-
der. If available, omentum may be interposed between the 
bladder repair and any bowel anastomosis. Regardless of 
whether or not a repair was undertaken, catheter drainage of 
the bladder is maintained for 1–2 weeks after which a cys-
togram is performed to confirm integrity of the repair prior 
to catheter removal.

Urinary Dysfunction

Urinary dysfunction is one of the most common urinary 
complications of APR.32 Some degree of voiding difficulty 
occurs in up to 70% of patients after APR, but it is usu-
ally confined to the early postoperative period. In most 
instances, urinary retention is the result of denervation of 
the detrusor muscle causing partial paralysis. Bladder con-
tractility is under parasympathetic control via pelvic nerve 
branches originating from the inferior hypogastric plexus. 
These nerves can be injured if the endopelvic fascia is 
breached, especially during blunt dissection of the rectum. 
Temporary dysfunction of these nerves is nearly univer-
sal after APR, even when a meticulous sharp dissection 
is used. Most patients, however, only require maintenance 
of a bladder catheter for 5–7 days postoperatively. In a 
small percentage of patients, the problem persists beyond 
several months and urologic consultation is required. A 
small percentage of these patients may require prostate-
ctomy or even intermittent self-catheterization on a long-
term basis.

Sexual Dysfunction

Recent series report an incidence of sexual dysfunction of 15–50% 
in male patients undergoing APR for rectal cancer.33–35  
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This wide range is likely attributable to several factors such 
as patient age, preoperative libido, use of adjuvant radiation 
therapy, varying definitions of dysfunction, time point of 
follow-up, and social barriers preventing a frank discussion 
of the problem. The type of dysfunction is dependent on the 
pattern of nerve injury. Damage to the superior hypogastric 
(sympathetic) plexus during high ligation of the IMA or to 
the hypogastric nerves at the sacral promontory during mobi-
lization of the upper mesorectum results in ejaculatory prob-
lems such as retrograde ejaculation. This is the most common 
type of sexual dysfunction seen in male patients after APR 
and is also the type most likely to resolve with time (6–12 
months). Damage to the pelvic plexus during the lateral dis-
section or to the nervi erigentes or cavernous nerves while 
dissecting the anterior plane (abdominal or perineal phase) 
may result in erectile dysfunction. The cavernous nerves 
arise from branches of the pelvic plexus and course anterior 
to Denonvillier’s fascia at the lateral border of the seminal 
vesicles. Parasympathetic innervation from these routes con-
trols the inflow to and retention of blood within the corpora 
cavernosa. The important anatomic relations of the pelvic 
nerves are illustrated in Figure 10-5.

Risk of injury to these nerves may be reduced by tai-
loring the anterior dissection based on the location of the 
tumor. The highest risk of parasympathetic nerve injury 
occurs when dissection is performed in the plane anterior 

to Denonvillier’s fascia and flush with the posterior aspect 
of the seminal vesicles and prostate. Whereas some believe 
that this plane is a vital part of total mesorectal excision for 
any low rectal cancer, others will only include Denonvil-
lier’s fascia in the resection specimen for an anterior tumor 
where it may help obtain a clear radial margin.36 For poste-
rior tumors, Denonvillier’s fascia is preserved by dissecting 
between it and the fascia propria of the rectum in order to 
protect the small cavernous nerves. Using a “nerve sparing” 
approach to total mesorectal excision, several authors have 
reported an incidence of erectile dysfunction of 5–15% after 
proctectomy for rectal cancer. Factors shown to increase risk 
are older age, poor preoperative libido, and low rectal tumor 
requiring APR (two- to threefold increase compared with 
low anterior resection).

Sildenafil has been shown to be an effective treatment for 
male patients suffering from erectile dysfunction after proc-
tectomy. A randomized, double-blind, placebo-controlled 
trial by Lindsey and Mortensen37 found that the treatment 
with sildenafil completely reversed or satisfactorily improved 
erectile dysfunction in 79% of patients, compared with 17% 
in the placebo group. Side effects were mild and well toler-
ated.

Although harder to quantify, sexual dysfunction also 
occurs in women after proctectomy. It is characterized by 
dyspareunia and inability to produce vaginal lubricant and 
achieve orgasm. The incidence is lower than that seen in 
males and varies between 10 and 20%.35,38,39

Female Infertility

Several recent studies have documented decreased fertility in 
women who have undergone restorative proctocolectomy for 
ulcerative colitis or familial adenomatous polyposis.40,41 The 
postoperative infertility rate exceeds 50% in this group when 
defined as “one year of unprotected intercourse without 
conception.” This has important implications in both preop-
erative patient counseling and in the modification of opera-
tive technique to minimize the effect of pelvic adhesions on 
fertility. Women of childbearing age should be informed of 
this potential complication before elective restorative proc-
tocolectomy because it may influence the timing of surgery. 
In addition, because pelvic adhesions are thought to interfere 
with egg transit from the ovary to the fallopian tube, mea-
sures to minimize their occurrence may be of benefit. Tack-
ing the ovaries to the anterior abdominal wall outside of the 
pelvis and wrapping the adnexa with an antiadhesion barrier 
sheet are frequently used techniques but there are no data to 
support their efficacy.

Trapped Ovary Syndrome

Trapped ovary syndrome is a fairly common complication after 
restorative proctocolectomy in young women (Figure 10-6). 

Figure 10-5. Anatomic relations of the pelvic nerves. Damage to 
the superior hypogastric plexus during high ligation of the inferior 
mesenteric artery (IMA) or to the hypogastric nerves at the sacral 
promontory during mobilization of the upper mesorectum results 
in retrograde ejaculation. Damage to the pelvic plexus during the 
lateral dissection or to the nervi erigentes or cavernous nerves while 
dissecting the anterior plane may result in erectile dysfunction.
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The adhesions that form after ileal pouch-anal anastomosis trap 
the ovaries in the pelvis and cover the fallopian tubes. With each 
ovulatory cycle, there is release of fluid into the pelvic cavity 
defined by these adhesions. As fluid accumulates and the cavity 
expands, patients will complain of pelvic or lower abdominal 
pain relevant to the side of the trapped ovary. A CT scan or 
ultrasound reveals a cystic lesion in the pelvis containing no 
air and with no surrounding inflammatory reaction. Operative 
findings are a cyst containing clear or tan fluid, surrounded by 
adhesions and with the ovary attached. Treatment consists of 
unroofing and evacuation of the cyst, pelvic adhesiolysis, and 
suspension of the ovary to the pelvic brim or iliac fossa with 
sutures. Trapped ovary syndrome may be prevented by sus-
pending the ovaries at the time of restorative proctocolectomy 
and by placing an adhesion barrier film in the pelvis.

Small Bowel Obstruction

Perhaps the most critical components in the management of 
patients with bowel obstruction are the recognition and pre-
vention of the disastrous effects of bowel ischemia. Timely 
surgical intervention, before the development of transmural 
necrosis, will limit complications and improve outcome. In 
one recently published series of more than 1,000 patients 
undergoing surgery for small bowel obstruction, nonviable 
strangulated bowel was present at laparotomy in only 16% of 
cases but the risk of death in this group was increased four-
fold.42 It is also important to distinguish between early (<30 
days) and late postoperative small bowel obstruction.

Presentation and Diagnosis

Nausea and vomiting, colicky pain, abdominal bloating, and 
obstipation are the hallmark signs of small bowel obstruc-
tion. The degree to which each of these contributes to the 
clinical picture will depend on the location, degree, and 
duration of the obstruction.

The commonly regarded hallmarks of strangulated bowel 
are fever, tachycardia, leukocytosis, sepsis, peritoneal signs, 
and the presence of continuous as opposed to intermittent 
pain. If any of these are found, the suspicion of ischemia 
should be high. These signs may also be found in patients 
without strangulation and are, therefore, nonpathognomonic. 
In many cases, however, this determination is not made until 
laparotomy, and timely surgical intervention in symptomatic 
patients may be the best means of avoiding the progression 
to bowel ischemia. This fact is underscored by a report from 
Sarr et al.43 who found that the traditional clinical parameters 
frequently used to predict strangulation were neither sensi-
tive nor specific. Nearly one-third of patients with strangula-
tion were not diagnosed until the time of surgery.

Radiographic Studies

Plain Radiographs

An acute abdominal series is the initial imaging study per-
formed in most patients suspected of having small bowel 
obstruction and consists of both upright and supine abdomi-
nal films and an upright chest X-ray. Typical findings include 
dilated, air-filled loops of small bowel, air-fluid levels, and an 
absence or paucity of colonic air. These findings may be absent, 
however, when the obstruction is proximal or the dilated bowel 
loops are mostly fluid filled. The sensitivity of plain radio-
graphs in detecting small bowel obstruction is approximately 
60%. The findings of pneumatosis intestinalis or portal vein 
gas are worrisome for advanced bowel ischemia.

CT Scan

Abdominopelvic CT scanning is increasingly used as a pri-
mary imaging modality in patients suspected of having small 
bowel obstruction. In addition to establishing the diagnosis, 
CT may also be able to precisely define a transition point and 
reveal secondary causes of obstruction such as tumor, hernia, 
intussusception, volvulus, or inflammatory conditions such 
as Crohn’s disease and radiation enteritis. CT may also reveal 
closed loop obstructions or signs of progressing ischemia 
such as bowel wall thickening, pneumatosis, or portal vein 
gas. Several studies have shown that the sensitivity of CT in 
diagnosing small bowel obstruction approaches 90–100%.

Contrast Studies

Contrast studies using water-soluble agents are frequently 
used in patients with acute small bowel obstruction. In patients 
with distal small bowel obstruction, a contrast enema is an 
efficient means by which colonic obstruction can be excluded. 
Antegrade studies of the small bowel can help to differenti-
ate partial from complete obstruction, and may therefore pre-
dict the need for surgical intervention. In fact, some authors 
have used small bowel contrast studies as a “screening test” 
for patients presenting with adhesive obstructions. Failure of 
contrast material to reach the colon by 24 h is used as an 

Figure 10-6. CT scan demonstrating “trapped” ovary in the right 
pelvis.
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indication for prompt surgical exploration. Several studies 
have also shown that the antegrade administration of con-
trast agents may speed the resolution of partial small bowel 
obstruction, presumably through an osmotic effect. However, 
conflicting data also exist and the therapeutic effects of the 
small bowel contrast study remain to be defined.

Initial Therapy and Nonoperative Management

Once the diagnosis of small bowel obstruction is made, the 
patient is admitted to the hospital. Those with peritonitis, 
perforation, or signs of ischemic bowel are immediately pre-
pared for laparotomy with expeditious correction of fluid and 
electrolyte deficits. A urinary catheter is inserted to guide 
resuscitation with the end points being resolution of tachy-
cardia and hypotension and/or achieving a urine output of at 
least 0.5 cm3/kg/h. Broad-spectrum antibiotics are initiated. 
A nasogastric tube is inserted preoperatively to decompress 
the stomach, because these patients are at risk for aspiration 
on induction of general anesthesia.

If signs of perforation or ischemia are not present, a trial 
of expectant management may be undertaken. Patients with 
partial small bowel obstructions secondary to adhesions will 
resolve with a nonoperative approach in 80% of cases.44–46 
The success rate for patients initially presenting with com-
plete obstruction is significantly lower. The nonoperative 
management of small bowel obstruction consists of fluid 
and electrolyte replacement, bowel rest, and tube decom-
pression. The debate between standard nasogastric tube vs. 
long nasoenteric tube decompression has mostly settled in 
favor of the nasogastric tube. This is in part attributable to 
the fact that long tubes with mercury-weighted tips (Miller-
Abbott) are no longer available for use (because of concern 
about the elemental Mercury) and have been replaced with 
a balloon-tipped tube (Gowen tube) that requires endoscopic 
placement. Long tubes are more difficult to place, requiring 
special expertise, serial radiographic studies, or endoscopy 
to guide insertion. There has been some recent resurgence 
in interest in the use of nasoenteric tubes, mostly among 
radiologists. Indications for long tube management of small 
bowel obstruction include early postoperative obstruction 
and recurrent partial obstruction where the transition point is 
difficult to identify on contrast studies.

Narcotic analgesics may be administered to comfort the 
patient, but not to the point of diminishing mental status. The 
practice of withholding pain medication to avoid masking 
the signs of perforation or ischemia is probably unneces-
sary. Serial abdominal examinations (ideally just before the 
next dose of analgesics) should be performed to assess for 
increasing tenderness or the presence of peritoneal signs. 
Any change in the patient’s condition that suggests devel-
oping bowel ischemia mandates exploratory laparotomy. In 
general, a nonoperative course may be followed for 24–48 h. 
If the obstruction has not resolved within that time period, it 
is unlikely to do so and laparotomy is advised.

Decision to Operate

Several studies have attempted to define certain criteria that 
would reliably predict the presence or absence of strangu-
lated bowel. Unfortunately, none have been shown to be par-
ticularly accurate and the best tool remains sound clinical 
judgment. Certainly, patients with fever, peritonitis, pneu-
moperitoneum, or overt sepsis should undergo emergent 
laparotomy because these are hard signs of transmural bowel 
necrosis. The presence of early ischemia, however, is much 
more difficult to discern. It is not uncommon for patients with 
small bowel obstruction to present with tachycardia, relative 
hypotension, mild acidosis, and leukocytosis, all of which 
may be secondary to dehydration. These patients should be 
aggressively rehydrated with isotonic intravenous fluids and 
the above parameters should be reassessed. Persistence of 
any of these signs after fluid resuscitation should prompt 
immediate laparotomy. Adherence to this simple algorithm 
should minimize the progression to strangulation while lim-
iting the number of unnecessary laparotomies.

Distinguishing between partial and complete obstruction is 
also a key element in deciding which patients should be taken 
for early operation. As stated above, the likelihood of resolu-
tion of a complete obstruction with expectant management is 
low (20%). Delaying operative therapy until after a nonviable 
strangulation or perforation has occurred will substantially 
increase the mortality rate. Although this distinction may be 
difficult to make clinically, there are some useful caveats. The 
passage of stool or flatus cannot be relied on as an accurate 
predictor because patients with complete obstruction may 
continue to pass stool and flatus until the bowel distal to the 
site of obstruction is evacuated. However, if bowel function 
continues for more than 12 h after the onset of obstructive 
symptoms, the likelihood of complete obstruction is dimin-
ished. The passage of large volumes of nonbloody, watery 
stool along with vomiting and distension is pathognomonic 
for partial small bowel obstruction. The onset of flatus, 
however, usually signals the beginning of resolution of the 
obstruction because flatus is produced from swallowed air.

Surgical Technique

After the adequacy of resuscitation is confirmed and broad-
spectrum antibiotics active against enteric pathogens are 
administered, the peritoneal cavity is entered through a mid-
line incision. This is a point in the operation where the risk 
of inadvertent enterotomy is very high because bowel loops 
are distended and often adherent to the undersurface of the 
abdominal wall. Once the fascia is encountered, the applica-
tion of gentle pressure with the bevel of the scalpel blade, 
rather than a cutting stroke, is used to breach the peritoneal 
cavity. Using this technique, it is usually possible to recog-
nize an adherent bowel loop before enterotomy occurs.

In the most favorable scenario, a single constricting band 
will be encountered that can be sharply divided to relieve the 
obstruction. In the worst cases, the peritoneal cavity will be 
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totally obliterated by scar tissue. An orderly and systematic 
approach to adhesiolysis is advised in these instances. First, 
the underside of the midline scar is cleared so that the entire 
length of the incision can be opened if necessary. Next, adhe-
sions to the abdominal wall are dissected laterally until both 
paracolic gutters are reached. This allows the placement of 
a self-retaining retractor to facilitate exposure. In cases in 
which bowel distension is severe, needle decompression 
may be used to gain additional working space. Particularly 
severe adhesions that defy identification of the bowel and 
peritoneal surfaces (“frozen abdomen”) may be injected with 
saline through a fine-gage needle to separate the surfaces and 
thus facilitate adhesiolysis. Attention is then turned to the 
pelvis where the most difficult adhesions are often encoun-
tered. Rather than separating individual bowel loops at this 
stage, the small bowel residing in the pelvis should be mobi-
lized “en-masse” by lysing adhesions to the pelvic structures 
in an anterior to posterior manner in order to roll the mass 
of intestine up and out of the pelvis. The final portion of this 
stage of the operation involves mobilizing the plane between 
the small bowel mesentery and the retroperitoneum until the 
duodenum is encountered. Only at this point are all adhe-
sions between individual bowel loops lysed in order to free 
the entire length of the small intestine. The bowel is then 
inspected for any coexisting pathology and for enterotomies 
or serosal tears created in the course of mobilization.

Assessment of bowel viability is usually possible by using 
the triad of color, peristalsis, and mesenteric pulsations. In 
cases in which these signs are questionable, the ischemic 
segment should be wrapped in warm, wet packs and viabil-
ity reassessed after 15 min. If viability is still in doubt, use 
of the Doppler probe or systemic injection of fluorescein 
dye followed by inspection of the bowel under a Wood’s 
lamp may aid in decision making. If the area in question is a 
short segment, it may be best to proceed with resection. If an 
extensive segment of questionable viability is present, then 
a second-look operation 24 h later should be planned before 
committing the patient to a massive small bowel resection.

There is some debate as to the need for complete adhesiol-
ysis when the point of obstruction is encountered early in the 
operation. It is our policy to divide the majority of adhesions 
if this can be done safely. This facilitates the inspection of 
the entire length of the small bowel and allows for the place-
ment of anti-adhesion barriers if desired (see below).

Special Situations

Early Postoperative Bowel Obstruction

Early postoperative bowel obstruction is generally defined 
as mechanical obstruction occurring within 1 month of 
abdominal or pelvic surgery. This condition is special in that 
attempts at relaparotomy in the early postoperative period 
frequently result in disastrous complications. The mantra of 
“never let the sun rise or set on a patient with bowel obstruc-
tion” should not be broadly applied in this group. An intense 

 inflammatory response usually begins within the abdomen at 
7–10 days postoperatively and persists for at least 6 weeks. 
If forced to operate during this period of time, the surgeon is 
likely to encounter dense hypervascular adhesions that may 
obliterate the peritoneal cavity. The risk of enterotomy and 
subsequent fistulization is extremely high. In addition, vascu-
lar or extensive serosal injury of the bowel may lead to mas-
sive resections. Therefore, immediate reoperation for early 
postoperative bowel obstruction is not advised, especially 
considering the fact that the development of strangulation in 
this setting is extremely rare. These patients should be man-
aged conservatively with nasogastric or long tube suction and 
intravenous fluids. If resolution does not occur within the first 
5–7 days, a percutaneous gastrostomy tube may be placed for 
long-term decompression, and the patient is started on hyper-
alimentation. Patients may be discharged from the hospital on 
this regimen and laparotomy performed in 6–12 weeks if the 
obstruction has not resolved. However, if peritonitis or signs 
of sepsis are present initially or develop during the course of 
nonoperative therapy, a CT scan should be performed imme-
diately. Any abscess or fluid collection caused by an enteric 
leak can be percutaneously drained and a controlled entero-
cutaneous fistula established. Exploration is usually only 
required in cases of ischemic or necrotic bowel. There is a 
place for very early exploration within the first 10 days post-
operatively if obstruction is recognized promptly. The adhe-
sions encountered during this time period have not usually 
become severe and can be dealt with safely. There is also a 
role for laparoscopic enterolysis in the selected settings when 
performed by appropriately trained skilled surgeons.34

Anastomotic “Overhealing”

Anastomotic overhealing is a rare cause of postoperative 
small bowel obstruction. It is most often attributable to early 
adhesion and healing of the staple lines of the linear cut-
ter between the limbs of a functional end-to-end/side-to-side 
anastomosis. This is best prevented by maximally distracting 
the two staple lines as the transverse staple line is placed 
to close the enterotomy made to introduce the side-to-side 
stapler. When this occurs in the early postoperative period, it 
will be easily diagnosed with a water-soluble contrast study, 
especially if administered via a long tube near the point of 
obstruction. The treatment should be conservative initially 
and may include long tube decompression. In some cases, the 
balloon-tipped catheter itself has broken through the healing 
web and relieved the obstruction. In the case of an obstructed 
ileocolic anastomosis, colonoscopic balloon dilatation may 
be carefully used. Operative intervention should be a last 
resort and usually requires resection and reanastomosis.

Prevention of Adhesions

More than 90% of patients undergoing abdominal surgery 
will develop some degree of intraabdominal adhesions. 
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Adhesion formation can occur wherever the visceral or pari-
etal peritoneum has been disturbed. Once an area of injury 
is established, fibrin is deposited and then organizes to form 
a matrix for collagen deposition. Bowel motility and endog-
enous lubricants attempt to counteract this process, but in 
most cases, adhesions will eventually result as the depos-
ited collagen matures. As discussed earlier, the progression 
from early to mature adhesions usually takes approximately 
6 weeks.

Several strategies have been developed to minimize, pre-
vent, or influence adhesion formation. Gentle handling of 
tissues, avoiding the deposition of talc by wearing powder-
free gloves, and copious lavage of the peritoneal cavity at the 
conclusion of the operative procedure are simple means that 
should be used in all cases. In instances in which particularly 
severe adhesion formation can be anticipated, for instance 
patients with multiple recurrences of small bowel obstruc-
tion, the use of long intestinal tubes placed at the conclusion 
of surgery to “splint” the bowel open during adhesion forma-
tion has been advocated. This is usually accomplished by 
inserting a Baker tube via a proximal jejunostomy.

Recently, several chemoprophylactic agents have been 
developed in an attempt to reduce or eliminate adhesions 
through a barrier mechanism. The best studied of these is 
a bioresorbable membrane of modified sodium hyaluronate 
and carboxymethylcellulose. A large multicenter study by 
Becker et al.47 has shown that this material substantially 
reduces the extent, incidence, and severity of adhesion for-
mation. Its efficacy in reducing the incidence of adhesive 
bowel obstruction has recently been reported.48 However, 
the decrease in incidence of bowel obstruction requiring 
reoperation from 3.4% in the control group to 1.8% in the 
treatment group is of uncertain clinical significance. The use 
of adhesion barriers in patients at high risk for subsequent 
reoperation because of disease or previous adhesions may be 
justified by the likely improvement in the ease and safety of 
the subsequent abdominal reentry and explorations. One of 
the problems with the barrier material is that it only prevents 
adhesions between the surfaces where it is applied.

Pelvic Bleeding

Serious pelvic bleeding may be encountered during proctec-
tomy and is usually caused by injury to the presacral venous 
plexus or the internal iliac vessels or their branches. Although 
rare, pelvic bleeding can be a devastating event and is a sig-
nificant cause of operative mortality. If bleeding is moder-
ate, the best course of action is to complete the proctectomy. 
Bleeding will often stop, or at least slow significantly, once 
the rectum has been removed. Presacral venous hemorrhage 
is especially challenging because the anatomy and fragility 
of the presacral venous plexus make control of bleeding dif-
ficult. Attempts at electrocoagulation or suture ligation of 
these vessels usually results in an increase in bleeding and 

is not advised. Direct finger pressure should be used to gain 
temporary control of bleeding while allowing the anesthe-
sia team to “catch up” with the resuscitation. Finger pres-
sure can then be replaced with pressure applied by a cotton 
pledget on a long clamp. This will improve exposure and 
visualization for the attempt at repair. Once the patient is 
stabilized, several methods exist for permanent hemostasis. 
The most common of these is the use of sterile thumbtacks 
or specially designed “occluder pins” that are driven into the 
sacrum at right angles and directly over the site of bleed-
ing.49,50 If this maneuver is unsuccessful, a rectus abdominus 
muscle flap may be rotated down into the pelvis based on 
the inferior epigastric pedicle. Heavy sutures are then placed 
on either side of the sacrum and tied down to compress the 
rectus flap against the sacrum to tamponade the bleeding.51 
Other methods to control presacral bleeding have also been 
described,51–54 such as removing a 2 × 2 cm square of rectus 
muscle and tacking this to the sacrum with absorbable sutures 
placed on either side of the bleeding site and tied tightly to 
secure the muscle patch. Application of electrocautery to the 
muscle then produces a secure coagulum on the surface of 
the bleeding venous plexus. If these measures fail, pelvic 
bleeding may be controlled by packing several laparotomy 
sponges tightly into the pelvis with the ends being brought 
out through the lower portion of the abdominal wound. The 
abdomen is then closed and the patient is taken to the inten-
sive care unit for blood transfusion, fluid resuscitation, cor-
rection of coagulopathy, and general support. After 24–48 h, 
the patient is returned to the operating room for removal of 
the packs.55

Wound Infection and Intraabdominal 
Abscess

Wound Infection

Because of the large bacterial content of the colon (1010 
anaerobes and 108 aerobes/g of stool), wound infection rates 
are high after colorectal surgical procedures.51,54,62 The intro-
duction of an oral antibiotic preparation before surgery by 
Nichols and Condon reduced wound infection rates from 
40% historically to the present day level of 5–10%. In many 
centers, a single parenteral dose of antibiotics at induction 
has replaced the more complicated “Nichol’s prep.” Several 
single-agent or combination choices exist, each with ade-
quate gram-negative and anaerobic coverage. Risk factors for 
wound infection have been identified and include malnutri-
tion, diabetes mellitus, immunosuppression, age >60 years, 
American Society of Anesthesia score >2, fecal contamina-
tion, length of hospitalization before surgery, and extensive 
surgery.8,55 Recently, there is a growing body of literature that 
shows that mechanical bowel preparation does not decrease 
the incidence of wound infection. Several metaanalyses have 
examined this question and are in agreement.56,57 The largest 
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and most recent also found that the risk of anastomotic leak 
was actually increased in patients receiving a bowel prepara-
tion (odds ratio 1.75).58

Wound infections typically present on or around the fifth 
postoperative day and are characterized by erythema, warmth, 
tenderness, fever, and purulent drainage. Initial treatment 
consists of opening a portion of the skin incision over the 
area of maximal change to allow drainage. Antibiotics are not 
prescribed unless there is cellulitis present. If a significant 
amount of necrotic tissue is present, it should be debrided. 
Once the wound is adequately drained, a packing regimen is 
begun and the wound is allowed to heal by secondary inten-
tion. Large wounds may be treated with the application of a 
vacuum-assisted wound closure device. After the wound has 
been debrided by several days of wet to dry dressing changes, 
the vacuum-assisted closure device is applied (V.A.C.; KCI 
Therapeutic Services, San Antonio, TX). The advantages of 
this system are simplification of wound care and quicker clo-
sure. The dressing only needs to be changed every 4–5 days 
and wounds typically close within several weeks.

Several situations require more aggressive treatment. 
Deep infection involving the rectus muscle and fascia may 
occur and result in dehiscence. These patients should be 
taken back to the operating room for debridement of the 
necrotic fascial edges and repair of the dehiscence. Inva-
sive wound infections with either clostridium perfringens or 
beta-hemolytic streptococcus is a potentially life-threatening 
complication. These infections may have an atypical presen-
tation in that they can occur within the first 1–2 days after 
surgery and may be associated with minimal skin changes. 
The combination of fever and unusually severe wound pain 
early in the postoperative course should prompt opening of 
the skin incision. A necrotizing infection is suggested by the 
drainage of thin gray fluid. The key to timely diagnosis and 
treatment of these severe infections is a high level of suspi-
cion. The patient should be taken to the operating room for 
a thorough wound exploration. All devitalized tissue should 
be removed and the fascia excised back to healthy, bleeding 
edges. Broad-spectrum antibiotic coverage should include 
high-dose penicillin.

Intraabdominal Abscess

Intraabdominal abscesses can result from anastomotic leaks, 
enterotomies, or spillage of bowel contents at the time of 
surgery. Patients will usually present with fever, leukocyto-
sis, and abdominal or pelvic pain 5–7 days after surgery. The 
diagnostic modality of choice is a CT scan of the abdomen 
and pelvis performed with intravenous and oral contrast (and 
rectal contrast in the patient with a colorectal anastomosis). 
The finding of a fluid collection with a thickened, enhancing 
rim and surrounding inflammatory stranding is diagnostic. 
Air bubbles may also be present in the collection. Proximity 
to a staple line and the presence of contrast material in the 
abscess suggest an anastomotic leak as its cause.

Most intraabdominal or pelvic abscesses can be successfully 
treated with percutaneous catheter drainage performed under 
ultrasound or CT guidance. Intravenous antibiotics should also 
be administered. The CT scan is repeated 48 h after drainage 
to assess its efficacy. Further follow-up is usually performed 
by contrast studies obtained by injecting the drainage cath-
eter. Once the abscess cavity has collapsed and no fistula to 
the bowel is identified, the catheter can be safely removed. 
Some abscesses cannot be drained percutaneously because of 
their location and lack of a safe “radiographic window” for 
drainage. Reported success rates for percutaneous drainage of 
intraabdominal abscesses range from 65 to 90% and depend 
on size, complexity, etiology, and microbial flora.58–61

Perineal Wound Infection

Perineal wound infection and delayed healing are major 
causes of morbidity after APR with the incidence ranging 
from 11 to 50%.62–65 The rigidity of the lower pelvis com-
bined with wide resection of the perineal soft tissues and 
levator muscles is mostly to blame, because this results 
in dead space cephalad to the skin closure which is easily 
infected.66 Technical modifications that may help reduce the 
incidence of perineal wound problems include reapproxi-
mation of the subcutaneous tissues, suction drainage of the 
pelvis (with or without irrigation) to prevent hematoma for-
mation and resultant fibrosis,67 and filling of the dead space 
with an omental pedicle graft.68–72 The area of raw surface 
deep in the pelvis also frequently fills with small bowel 
and may lead to small bowel obstruction. The bowel can be 
excluded from the pelvis by closing the pelvic peritoneum 
when possible, posteriorly retroverting the uterus to close the 
defect, or by rotating the cecum into the pelvis. The use of 
absorbable mesh has also been described, but this has been 
associated with multiple reports of obstruction and fistuliza-
tion. In benign disease, a cuff of levator muscle can be left by 
incising the pelvic floor just outside of the external sphinc-
ter muscle. This method should always be possible for small 
rectal cancers. This technique allows closure of the levator 
muscles in the midline and prevents dead space formation 
and perineal hernia. Several risk factors for perineal wound 
complications have been identified. Foremost among these 
is the use of neoadjuvant radiation therapy. In one study, the 
incidence of perineal wound infection increased from 13 to 
34% with the addition of preoperative radiation, whereas 
the rate of nonhealing at 30 days increased from 19 to 51%. 
Rates of perineal wound complications were even higher if 
intraoperative radiation was used.73 Other factors are long 
operative time (>300 min), intraoperative hypothermia, and 
fecal contamination during the perineal dissection.68,74–77 
Patients with anorectal Crohn’s disease are also at increased 
risk when undergoing APR for rectal cancer. However, an 
intersphincteric dissection in patients with inflammatory 
bowel disease allows closure of the external sphincter and 
may improve wound healing (Figure 10-7A–C).
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If infection does occur, the skin should be opened to allow 
drainage and a program of wet to dry packing begun. A vac-
uum-assisted closure device can then be placed, as described 
above. In cases in which a chronic perineal sinus develops, 
closure of the defect may require wound debridement and 
myocutaneous flap reconstruction with gracilis, inferior glu-
teus, or rectus abdominus muscle.
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11
Hemorrhoids
Marc Singer

Anatomy

Hemorrhoids are a normal component of anorectal anatomy. 
The terms “hemorrhoids” – as used by patients – or “hem-
orrhoidal disease” refer to the state of symptoms attributed 
to the vascular cushions present in the anal canal. It is criti-
cal for both surgeons and patients alike to consider this fact 
when evaluating and managing hemorrhoidal symptoms, as 
patients may desire removal of hemorrhoids, whereas con-
trol of symptoms should be the primary treatment goal.

Thomson’s classic description introduced the concept of 
hemorrhoids as anatomically distinct vascular cushions in 
1975.1 The internal hemorrhoids are not merely a thickening 
of the mucosa or submucosa within the anal canal, rather, 
discrete specialized structures with specific physiologic 
functions. Hemorrhoids, also known as piles, are vascular 
cushions contained within the submucosal space of the anal 
canal. These cushions are a normal anatomic component of 
the anus, and serve to maintain closure of the anal canal, thus 
contributing toward fecal continence. The hemorrhoids are 
composed of blood vessels, connective tissue, smooth mus-
cle, and elastic tissue. The smooth muscle contained within 
the submucosal space, and therefore within the hemorrhoids, 
known as Trietz’s muscle, originates from the conjoined 
longitudinal muscle and the internal sphincter. These fibers 
support the hemorrhoid, keeping it adherent to the internal 
sphincter. Hemorrhoids typically exist at three locations: the 
left lateral, right anterior, and right posterior positions of the 
anal canal.1 These positions are often referred by the mis-
nomer “quadrants.” Hemorrhoidal tissue is not necessarily 
limited to these locations, and there is frequently additional 
hemorrhoidal tissue in between these three specific loca-
tions. In fact, less than 20% of cadavers were found to have 
the specific configuration of hemorrhoids at the three stan-
dard positions.1 Gross inspection of the hemorrhoids reveals 
a blue hue, which may suggest similarity to veins. How-
ever, histologic analysis of hemorrhoids reveals an absent 
 muscular wall, characterizing the cushions as sinusoids, 
technically not veins or arteries. Furthermore, hemorrhoidal 

bleeding is typically described as “bright red,” suggestive 
of well-oxygenated arterial blood. A pH analysis of hemor-
rhoidal blood is most consistent with arterial blood.2

The arterial inflow supplying hemorrhoids consists of the 
terminal blanches of the superior hemorrhoidal artery, with 
some contribution by the branches of middle hemorrhoidal 
arteries. The more distal aspects also receive inflow from the 
inferior hemorrhoidal arteries.3 The specific locations of the 
terminal branches of the superior hemorrhoidal artery do not 
relate to the three common locations of hemorrhoids (left lat-
eral, right anterior, and right posterior). A renewed interest in 
the anatomy and the number of terminal branches of the arte-
rial inflow has occurred, as directed ligation of these branches 
has become a popular treatment option. The venous drainage 
of the hemorrhoidal plexus distal to the dentate line (external 
hemorrhoids) includes the inferior hemorrhoidal veins, which 
flow into the pudendal veins, and ultimately the internal iliac 
veins. The middle hemorrhoidal veins contribute toward 
venous outflow from the internal hemorrhoids, located proxi-
mal to the dentate line, and also drain into the iliac veins.4

The anal canal, proximal to the dentate line, is innervated 
by sympathetic and parasympathetic nerves, as well as non-
cholinergic/nonadrenergic mediators. The anal canal distal 
to the dentate line, as well as the anoderm, is innervated by 
somatic nerves. For this reason, the distal anal canal and the 
associated external hemorrhoids are sensitive to touch, pain, 
temperature, and stretch.

There are multiple theories regarding the function of hem-
orrhoids. The most commonly believed hypothesis is that 
the hemorrhoids contribute toward maintaining fecal conti-
nence. Closure of the sphincter complex does not completely 
close the anal canal, and the bulkiness of the hemorrhoidal 
tissue provides closure of the central aspect of the anus. 
As one strains, sneezes, or exerts themselves, the vascular 
cushions engorge and distend, which completely closes the 
anus while at highest risk of fecal leakage. It has been theo-
rized that hemorrhoids contribute up to 20% of the resting 
pressure of the anus.5 The anal canal, including the hemor-
rhoids, is highly sensitive toward the discrimination of an 
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empty  rectum, gas, liquid, or solid stool. The loss of bulk and 
 sensation within the anal canal may put patients with mar-
ginal continence at high risk for postoperative incontinence 
after hemorrhoidectomy. Besides aiding continence, the soft 
and pliable hemorrhoid tissue may protect the sphincters 
from trauma related to passing stool.

Internal hemorrhoids are lined by columnar epithelium. 
Near the dentate line, there may be transitional epithelium. 
This mucosa is viscerally innervated, which means patients 
will report sensations such as vague fullness and pressure, 
but do not perceive touch, pain, stretch, or temperature such 
as on the skin. This makes office-based treatments possible 
without anesthesia.

The anoderm is specialized squamous epithelium that 
lacks skin structures such as hair follicles or sweat glands. 
The distal most aspects are lined by normal skin, including 
the appendages. The anoderm and perianal skin are somati-
cally innervated, which means external hemorrhoids are very 
sensitive to touch, requiring anesthesia for procedures.

Etiology

A long list of conditions, diagnoses, behaviors, and comor-
bidities have been suggested as possible causes of symp-
tomatic hemorrhoids. Conditions that impair venous 
drainage, promote prolapse of the vascular cushions, dietary 
patterns, behavioral factors, and sphincter function are 
among the features commonly believed to contribute toward 
the exacerbation of hemorrhoid symptoms.

Venous congestion with subsequent hypertrophy of the 
internal hemorrhoids is the most common event leading to 
symptomatic hemorrhoids. During normal straining and def-
ecation, hemorrhoids engorge and then return to normal. If 
patients strain for prolonged periods, as with chronic con-
stipation, the internal hemorrhoids become congested but 
do not rapidly decompress because the increased abdomi-
nal pressure impairs venous return. This process occurs as 
a result of constipation as well as pregnancy, chronic cough, 
pelvic mass, pelvic floor dysfunction, or ascites.

The internal hemorrhoids are normally supported by the 
fibers of Trietz’s muscle and the elastic tissues in the submu-
cosa. These supportive tissues can become attenuated, and 
therefore the hemorrhoids become progressively more mobile 
and begin to prolapse. As they prolapse, the venous return 
becomes obstructed, and the hemorrhoids will become more 
engorged. The bulk of the hemorrhoid will lead to further 
weakening of the supporting structures. Thompson described 
this cycle of progressive prolapse and engorgement as the 
sliding anal cushion theory.1 If the prolapse is outside the 
sphincter, then the pressure of the sphincter further impairs 
blood return and the hemorrhoids become further congested.

Dietary and behavioral features contribute to symptomatic 
hemorrhoids. The low fiber diet of Western society  creates 
hard dry stools. Constipation causes excessive straining, 

which exacerbates the hemorrhoids. The hard stool will also 
cause local tissue trauma, thus inducing bleeding. Toileting 
behavior and defecation habits are widely believed to con-
tribute toward the development of hemorrhoid symptoms, 
but objective evidence is limited. This may be an indirect 
reflection of constipation. Some patients may spend pro-
longed time periods sitting on the commode because they 
are determined to have a bowel movement at a selected time 
or to move the bowels daily, even if not necessary. Some 
patients may read while on the toilet, which may subcon-
sciously lead to prolonged straining.

Although constipation is well known to exacerbate hemor-
rhoid symptoms, diarrhea or frequent bowel movements can 
have the same effect. Advancing age is a known risk factor, 
independent of the other comorbidities. There is histologic 
evidence suggesting that the supporting soft tissues of the 
hemorrhoids, including Trietz’s muscles, become less sup-
portive with age, which leads to prolapse.6 It has also been 
suggested that erect posture contributes to hemorrhoids due 
to the gravitational effects and venous pooling.

Hemorrhoids are not typically due to mucosal abnormali-
ties, such as inflammation or dysplastic changes, or intrinsic 
sphincter abnormalities. However, there is objective evi-
dence that patients with hemorrhoid symptoms demonstrate 
elevated manometric sphincter pressures compared to con-
trols.6–12 It may be possible that elevated sphincter pressures 
impair venous drainage of the hemorrhoids in some patients. 
Excisional hemorrhoidectomy has been documented to 
reverse this finding.9

There is sparse objective evidence for any of the purported 
hypotheses. It is likely that the development of symptoms is 
multifactorial, including a number of patient-specific ana-
tomic, behavioral, dietary, and possibly genetic influences.

Epidemiology

The true incidence of hemorrhoids is difficult to accurately 
assess. Many patients do not seek medical attention for their 
symptoms.7,10 Patients often self-medicate with any number 
of the large variety of over-the-counter products that are 
available. Statistics such as operative procedures may be 
straightforward to monitor; however, a very small proportion 
of patients with symptoms actually require operative therapy. 
In addition, patients seek care from a large number of differ-
ent specialists including surgeons, gastroenterologists, inter-
nists, family practitioners, pediatricians, gynecologists, and 
practitioners of alternative medicine. Finally, patients self-
diagnose many other anorectal diseases as “hemorrhoids.”

The prevalence of hemorrhoids in the USA has been esti-
mated at 4.4%10 or 8.5 million patients.11 It may be as high 
as 36% of patients seeking care in a general medical prac-
tice.12 Fortunately, the number of deaths attributed to hemor-
rhoids is exceedingly small.13 The prevalence is highest in 
Caucasian patients between 45 and 65 years of age and of 
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elevated socioeconomic status. This may represent selection 
bias and access to care, as this cohort typically would have 
the greatest access. Johanson and Sonnenberg14 suggest that 
the incidence of hemorrhoidal symptoms has decreased in the 
last 50 years based on self-reporting of patients in the USA 
and UK. By any measure, this represents a common prob-
lem with between 1.9 and 3.5 million physician visits15,16 and 
168,000 hospitalizations, annually.17 There are nearly two 
million prescriptions written annually for hemorrhoid thera-
pies,18 accounting for over $43,000,000. This is independent 
of over-the-counter, herbal, and homeopathic remedies.19

Classification

Hemorrhoids are generally divided into two categories: 
internal and external. Internal hemorrhoids originate proxi-
mal to the dentate line. This can be a source of confusion in 
the setting of prolapse completely through the anus. Patients 
perceive the hemorrhoids to be outside of the anorectum, but 
in fact, the hemorrhoids originate proximal to the dentate 
line. Internal hemorrhoids are lined by columnar epithelium. 
External hemorrhoids are located distal to the dentate line, 
and are lined by anoderm and skin at the distal most aspect. 
A mixed, or combined, hemorrhoid is a condition in which 
both internal and external hemorrhoids are present.

In 1985, Banow et al.20 described a classification sys-
tem based on clinical prolapse (Table 11-1). This system 
has become popular among surgeons because it describes 
the symptoms of prolapse, which is one of the main factors 
driving treatment decisions. Unfortunately, it does not incor-
porate size, discomfort, or bleeding, which also commonly 
direct therapeutic decisions.

Clinical Presentation

Patients with essentially any anorectal pathology may present 
with the complaint of “hemorrhoids.” Patients and physicians 
unfamiliar with specific anorectal pathology commonly use this 
label. A number of patients may suffer from other benign ano-
rectal conditions such as fissures, fistulas, pruritis, abscesses, 
and condylomata. These are pathologies also addressed by a 
colon and rectal surgeon, making a referral appropriate under 
any circumstance. More importantly, patients with warning 
signs, like bleeding, should not be overlooked as colon, rectal, 
or anal cancer can present with such symptoms.

Internal Hemorrhoid Symptoms

Patients with symptomatic internal hemorrhoids may com-
plain of bleeding, itching, burning, pain, prolapse, swelling, 
mucus discharge, and difficulty with perineal hygiene. The 
edematous hemorrhoids may cause the patient to feel as if 
they are sitting on a foreign object. Patients with prolapsing 
hemorrhoids may not always recognize the prolapsing nature 
of the hemorrhoids, but may report wetness, itching, and 
soiling of the undergarments. Traditionally, it has been sug-
gested that internal hemorrhoids do not cause somatic pain 
because they originate proximal to the dentate line. However, 
patients commonly complain of anal or rectal pain. It may 
be that patients use the word “pain” as a surrogate for itch-
ing, burning, or an overall sense of discomfort or unpleas-
antness. When patients are specifically queried, patients do 
report hemorrhoidal pain, even if afforded the opportunity 
to differentiate pain from burning, wetness, or other symp-
toms.21 Although the anatomic location suggests that internal 
hemorrhoids should not cause pain, such objective evidence 
should not be entirely discounted, and patient complaints of 
pain should be addressed. It remains critical to identify and 
treat alternative causes of pain such as associated fissures or 
perianal excoriation. A subtle volume of mucus may be dis-
charged at the time of hemorrhoid prolapse, which can cause 
significant perianal irritation. Severe pain may be indicative 
of thrombosed or strangulated internal hemorrhoids.

The specific details of the rectal bleeding should be elic-
ited. The classic hemorrhoidal bleeding is bright red blood at 
the time of bowel movements. Patients may report blood on 
the toilet paper, blood dripping into the toilet, or even blood 
squirting into the toilet. Hemorrhoidal bleeding will typically 
occur at the end of the bowel movement, presumably because 
the stool itself causes trauma to the engorged hemorrhoids. 
An attempt should be made to differentiate this from blood 
mixing into the stool, or melena, which suggests a colorectal 
malignancy. Patients may not be able to reliably distinguish 
these patterns, and for that reason, bleeding must be care-
fully considered and worked up in the appropriate patients. 
Age, personal history, family history, or other risk factors 
must weigh into the decision regarding further workup of 
bleeding . It is not always necessary to complete this workup 
at the onset of treatment. A mechanical bowel preparation and 
colonoscopy may exacerbate hemorrhoid symptoms. Defer-
ral until after hemorrhoids have been treated is appropriate, 
but it must not be postponed indefinitely. Bleeding may occur 
in microscopic quantities only, resulting in a positive guaiac 
test. Anemia due to hemorrhoidal bleeding is sufficiently rare 
that it warrants a full assessment of the gastrointestinal tract.

The internal hemorrhoids may be prolapsing internally, 
which can cause a sensation of fullness, the urge to  defecate, 
or the sensation of incomplete evacuation after bowel 
 movements. If hemorrhoids prolapse completely through the 
anus, then patients will perceive a mass or lump, but can also 
cause wetness or soiling. As the mucosa prolapses, it  carries 

Table 11-1. Classification of hemorrhoids

Grade I – Internal hemorrhoids bulge into the anus without prolapse
Grade II – Internal hemorrhoids prolapse during defecation, spontaneously 

reduce
Grade III – Internal hemorrhoids prolapse, requiring manual reduction
Grade IV – Hemorrhoids prolapsed and irreducible
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mucus, blood, or stool from inside the anal canal out to the 
perineum. This can make hygiene difficult after a bowel 
movement. Patients may complain that excessive wiping is 
required, or shortly after a bowel movement they find their 
undergarments to be soiled. Patients should be asked about 
spontaneous or manual reduction of prolapsing hemorrhoids. 
Finally, lifestyle questions should be directed toward uncov-
ering additional precipitating factors such as constant strain-
ing due to heavy lifting, chronic coughing due to chronic 
obstructive pulmonary disease (COPD), and limited bath-
room access leading to hard dry stools.

External Hemorrhoid Symptoms

External hemorrhoids may present with redundant tissue 
around the anus, bleeding, or difficulty in maintaining hygiene 
after bowel movements. In addition, they may become 
inflamed. Symptoms are typically less severe than those of 
internal hemorrhoids, with the exception of acute thrombosis 
of an external hemorrhoid. Patients will experience the acute 
onset of mild to excruciating anal pain. This may be precipi-
tated by an episode of diarrhea or constipation, but many times 
there is no identifiable inciting factor. Patients will also com-
plain of a firm lump at the anus. Patients sometimes undertake 
unusual maneuvers in order to visualize their own anus, and 
may report a blue or purple color to the lump. This will be at 
the level or distal to the dentate line. Bleeding will not usually 
occur immediately following the onset of pain; however, when 
the pressure of the thrombus erodes through the skin, then the 
clot will spontaneously drain. The necrotic skin may become 
gangrenous and rarely cause surrounding cellulitis. After the 
external hemorrhoid thrombus drains spontaneously or is 
surgically evacuated, the expanded external hemorrhoid will 
reduce in size; however, patients are often left with  resultant 
skin tags. These tags may reduce in size over time, but typi-
cally do not completely regress. Tags may cause symptoms in 
the future, such as itching and difficulty with hygiene, even 
after the hemorrhoid symptoms have long resolved. Such tags 
may also be embarrassing for patients. The differential diag-
nosis of common hemorrhoidal problems based on anorectal 
symptoms is presented in Table 11-2.

Evaluation

History

The goal of management of hemorrhoids is control of the 
symptoms, but not necessarily to extirpate all hemorrhoid 
tissue. For this reason, a careful ascertainment of specific 
symptoms is critical toward guiding the evaluation and 
directing the therapeutic options.

A detailed history, including a complete discussion of the 
patient’s bowel habits, is the starting point in the workup 
of symptomatic hemorrhoids. Symptoms are intimately 
related to bowel habits. Constipation, diarrhea, urgency, 
frequency, and changes in the bowel habit must be docu-
mented. For selected patients, a prospectively maintained 
bowel diary including standardized instruments, such as 
the Bristol Stool Scale which specifically describes stool 
types (texture and shape), and includes visuals (see Chap. 
32) may be helpful to accurately characterize bowel move-
ments over time.22

This bowel history is also useful in eliciting “red flag” 
symptoms, such as bleeding or changes in bowel habit, 
which may be indicative of malignancies. Furthermore, the 
history can help to differentiate hemorrhoids from other 
benign anorectal pathology. Chronic diarrhea with anal pain 
may suggest Crohn’s disease. A lump that drains pus sug-
gests an abscess or fistula. Chronic itching without bleed-
ing or prolapse suggests pruritis. Extreme pain with bowel 
movements suggests a fissure.

A dietary history, and the effects on the bowel habit, is 
also critical toward management of hemorrhoid  symptoms. 
Specific foods or eating patterns that worsen constipa-
tion of diarrhea must be addressed at the beginning of 
the management plan. A common cause of  constipation 
in Western countries is in adequate dietary fiber and/
or fluid intake. Although it can be difficult to estimate 
fiber intake, patients committed to dietary and medical 
 management of hemorrhoid symptoms may benefit from a 
diet journal. Special attention should be paid to foods that 
commonly cause diarrhea (fats, caffeine, or alcohol) or 
constipation (cheese, beef, or bananas). Recent changes 
in diet or bowel habit due to acute illness or travel should 
be noted.

Physical Examination

A generalized physical examination may reveal relevant 
physical signs of liver disease, COPD, or coagulopathy. The 
abdominal examination should be directed toward the signs 
of constipation, such as abdominal  distension or a palpable 
fecal impaction in the left colon. Finally, the examination 
should be directed toward the anorectum. The anorectal 
examination can be embarrassing for many patients. This 
may be especially true of younger patients who have never 
undergone an anorectal examination by their primary care 

Table 11-2. Differential diagnosis based on anal symptoms

Symptom Differential diagnoses

Pain Thrombosed hemorrhoids, fissure, abscess, fistula, pruritis, 
anorectal Crohn’s disease, anismus, abscess

Bleeding Internal or external hemorrhoids, fissure, fistula, hypertro-
phic papilla, polyps, anal or colorectal cancer, ulcerative 
colitis, Crohn’s disease, infectious colitis, draining throm-
bosed hemorrhoids, rectal prolapse

Pruritis Prolapsing hemorrhoids, fistula, incontinence, anal condylo-
mata, rectal prolapse, pruritis ani, anal papilla, dermatitis, 
dietary causes

Mass Thrombosed or prolapsed hemorrhoids, abscess, anal cancer, 
prolapsing polyp or papilla, skin tags, prolapsing tumor, 
rectal prolapse, condylomata
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physician or gynecologist. The patient should be reassured 
that the examination will be brief and, although uncomfort-
able, will not be painful. Patients should be offered to have a 
same-gender chaperone in the room during the examination, 
if feasible. These steps will relax the patient and facilitate 
a more complete and thorough examination. If the patient 
is uncomfortable or uncooperative, then the clinician may 
inadvertently abbreviate the examination or be reluctant to 
complete some aspects of the evaluation such as a proctos-
copy.

The prone jackknife position on a proctologic table allows 
for maximal exposure of the perineum and anus. This can be 
particularly true for obese patients, in whom retraction of the 
buttocks can be difficult. In addition, if examining the patient 
without the aid of an assistant, the prone position does not 
mandate retraction of the buttocks. If a proctologic table is 
unavailable or impractical because the patient is too obese, 
pregnant, or orthopedic issues preclude the prone position, 
then the lateral position (Sims) or lithotomy positions will 
suffice. Regardless of the position in which the patient is 
examined, the anatomy and pathology should be described 
in anatomical terms (left, right, anterior, or posterior), but 
not the positions of a clock. The convention of clock posi-
tions can be confusing as different practitioners may exam-
ine patients in different positions. Furthermore, vague terms 
such as above or below should not be used to describe proxi-
mal or distal to the dentate line or anal verge.

The examining surgeon gently spreads the buttocks and 
inspects the perineum, anoderm, and sacrococcygeal regions. 
The surgeon then identifies external hemorrhoids, skin tags, 
prolapsing internal hemorrhoids, rectal prolapse, excoriated 
skin, fissures, fistulas, abscesses, anal cancers, thrombosed 
external hemorrhoids, rashes, or dermatitites. Careful palpa-
tion should also be performed in order to assess for induration, 
tenderness, masses, or thrombus in the external hemorrhoids. 
Next, a digital examination of the anal canal should be per-
formed to assess sphincter tone, identify masses, abscesses, 
and localize pain. Weak resting sphincter tone should be fur-
ther interrogated by asking the patient to voluntarily squeeze 
on the examiner’s finger in order to grossly assess squeeze 
pressures.

At a minimum, anoscopy is required to thoroughly assess 
hemorrhoids. Several types of anoscopes are available 
(Figure 11-1A and B). A slotted or side viewing anoscope is 
best for assessing internal hemorrhoids. The slot allows the 
internal hemorrhoids to prolapse into the scope, giving the 
examiner a sense of the bulk of the hemorrhoids. Translu-
cent plastic anoscopes are available, which are conveniently 
disposable. Also, the clear plastic allows for simultaneous 
visualization of the entire anal canal, especially the relation-
ship between the hemorrhoids and the dentate lane. How-
ever, the lack of a slot on some plastic anoscopes can impair 
rubber band ligation (RBL). Some anoscopes contain mul-
tiple slots, which may facilitate RBL of multiple quadrants 
in a single setting.23

The degree of prolapse should be assessed by asking the 
patient to strain or simulate a bowel movement. This may 
be underestimated in the prone jackknife position. If the 
degree of prolapse is questionable, then the patient should 
be moved to a commode or onto a toilet. The examiner 
should request the patient to push or strain, and then care-
fully inspect the anus while the patient is in this more physi-
ologic situation.

Patients should also undergo rigid or flexible proctoscopy. 
The rectum should be evaluated for inflammatory condi-
tions, polyps, or tumors. This is certainly true in patients 
with red flag symptoms of bleeding, weight loss, anemia, 
or change in bowel habits. At least at the initial evaluation 
of a new patient, an effort should be made to understand the 
status of the rectum. Hemorrhoids in the setting of rectal 
 inflammation may be treated differently than  hemorrhoids in 
a patient with a normal rectum.

The patient should be considered for formal evaluation 
of the entire colon with either colonoscopy or double con-
trast enema. Clinical factors such as red flag symptoms, 
age,  personal and family history of colorectal pathology, 

Figure 11-1. a Ives Fansler Anoscope and b a clear plastic ano-
scope.
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 duration of symptoms, or the nature of bleeding can be used 
to determine which patients should undergo additional eval-
uation. In suitable patients, it is appropriate to treat hemor-
rhoids first and defer formal evaluation of the colon until a 
later date. There is reluctance to administer a full cathar-
tic bowel preparation in a patient experiencing significant 
symptoms already. It would be reasonable to defer evalua-
tion for several weeks to months to allow treatments of the 
hemorrhoids. The ability of the patient to accurately char-
acterize the blood per rectum may not be reliable enough 
to sufficiently differentiate benign versus malignant causes 
of bleeding in many cases. Therefore, the entire clinical 
scenario must be considered in the decision to evaluate the 
colon entirely for bleeding.24–28 Patients fulfilling specific 
criteria (such as those proposed by the Multi-Society Task 
Force on Colorectal Cancers) should be considered for addi-
tional workup.26,27

In addition, patients with risk factors, such as being part 
of an HNPCC family or those with atypical bleeding, should 
also undergo colonoscopy.29,30 Hemorrhoids often present in 
younger patients, in whom the risk of colorectal malignancy 
is relatively low. This often raises the question of total colon 
examination. Simple hemorrhoidal bleeding does not require 
total colon evaluation in a young patient without other risk 
factors (family history); however, hemorrhoids rarely cause 
anemia. Thus, hemorrhoids with anemia warrant colonos-
copy or contrast enema.31,32

As a general rule, younger patients (<40 years old) with 
hemorrhoids and symptoms compatible with their disease 
may undergo office anoscopy and proctoscopy. If treatment 
immediately ceases bleeding, then no future evaluation is 
indicated. Patients >40 years of age with a family history or 
symptoms that seem out of proportion to their exam should 
undergo total colon evaluations.

Treatment

The treatment of symptomatic hemorrhoids is directed by 
the symptoms themselves. Patients should be reassured that 
hemorrhoids are normal components of human anatomy and 
that it is not necessary to remove all hemorrhoidal tissue. 
Treatments can be broadly categorized into three groups: 
(1) medical management, including dietary and behavioral 
therapies, (2) office-based procedures, and (3) operative 
therapies.

Dietary and Lifestyle Modification

Hemorrhoid symptoms are frequently related to alteration 
of the bowel habit. Therefore, initial therapy should be 
directed at modifying the stool. Constipation is most com-
monly related to a relative lack of dietary fiber and fluid 
intake. The recommendation of 25 g/day for women and 

38 g/day for men is rarely achieved. The United States 
Department of Agriculture (USDA) estimates that mean 
fiber intake for Americans is merely 15 g/day.33 A high fiber 
diet (Table 11-3) and 64 oz of water daily should be the ini-
tial  recommendations. Also, behavioral modifications such 
as a regular sleep/wake cycle and exercise schedule can 
be helpful to maintain a regular bowel habit, and therefore 
reduce hemorrhoid symptoms.

It can be difficult to ingest 25–35 g/day of dietary fiber, 
making the fiber supplement a necessary option (Table 11-4). 
Bulk-forming agents such as psyllium are generally well 
 tolerated and cost-effective. The objective data regarding 
fiber supplements is somewhat conflicting, but available 
publications do support the use of bulk-forming agents 
to treat hemorrhoid symptoms. Moesgaard et al.34 have 

Table 11-3. Amount of fiber in common foods

Foods Serving size Total fiber (g)

Navy beans, cooked 1 Cup 19.1
Lentils, cooked 1 Cup 15.6
Pinto beans, cooked 1 Cup 15.4
Black beans, cooked 1 Cup 15.0
Artichokes, cooked 1 Cup 14.4
Lima beans, cooked 1 Cup 13.2
Garbanzo beans 1 Cup 12.5
Baked beans, cooked 1 Cup 10.4
Soybeans, boiled 1 Cup 10.3
Peas, cooked 1 Cup  8.8
Raspberries 1 Cup  8.0
Blackberries 1 Cup  7.6
Spinach, frozen, cooked 1 Cup  7.0
Lettuce, iceberg 1 Head  6.5
Pear, with skin 1 Medium  5.5
Bran flakes 3/4 Cup  5.3
Oat bran muffin 1 Medium  5.2
Broccoli, boiled 1 Cup  5.1
Apple, with skin 1 Medium  4.4
White Rice, cooked 1 Cup  4.1
Brussels sprouts, cooked 1 Cup  4.1

Oatmeal, cooked 1 Cup  4.0
Strawberries 1.25 Cup  3.8
Brown rice, cooked 1 Cup  3.5
Almonds 1 Oz  3.5
Strawberries 1 Cup  3.3
Orange 1 Medium  3.1
Banana 1 Medium  3.1
Potato, with skin, baked 1 Medium  2.9
Cucumber, peeled, raw 1 Large  2.0
Bread, whole-wheat 1 Slice  1.9
Corn, sweet 1 Ear  1.8
Carrot 1 Medium  1.7
Raisins 2 Tablespoons  1.0
Bread, wheat 1 Slice  0.9
Bread, white 1 Slice  0.6
Grapes, red or green 10 Grapes  0.5

Adapted from: United States Department of Agriculture (USDA) National 
Nutrient Database for Standard Reference, Release 22; www.ars.usda.gov.

http://www.ars.usda.gov
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 demonstrated that a high fiber diet can reduce bleeding and 
pain as related to hemorrhoids; however, other authors have 
not been able to document such benefits.35–37 Alonso-Coello 
et al.38 conducted a systematic review of trials examining 
fiber for the treatment of hemorrhoids. He examined seven 
trials with nearly 400 patients comparing fiber to a control 
group. Fiber showed a consistent benefit for the reduction of 
bleeding and other symptoms.

Bulk-forming agents treat hemorrhoids by modifying the 
quality of the stool. They work in combination with oral 
fluids to add moisture and soften the stool. For this reason, 
supplements are best administered in the morning, so that 
fluid can be consumed throughout the day. If ingested at 
bedtime, as some patients prefer to take their other medica-
tions, the fiber will remain in the intestinal track overnight, 
without additional fluid, and may, in fact, dehydrate the stool 
and worsen constipation. Divided dosing throughout the day 
is appropriate, but it is imperative that patients drink fluids 
with the dose and then throughout the day.

The addition of stool softeners (docusate) or lubricants 
(mineral oil) can be helpful toward treating constipation. 
Hyperosmolar (plyethylene glycol), saline (magnesium cit-
rate), or stimulate laxatives (senna and bisacodyl) are safe 
and effective. There is no creditable evidence that long-term 
use is harmful. Patients may require such laxatives to break 
a fecal impaction, but should be transitioned to a regimen 
of fiber and stool softeners as quickly as possible. The goal 
of the fiber supplement, stool softeners, and increased fluid 
consumption is create bulky, but soft stools that move regu-
larly. The goal of this therapy, in terms of the quantity and 
frequency of bowel movements, is determined by the com-
fort and symptoms of a patient.

Patients with diarrhea may require additional assessment. 
Patients with loose stools related to a diet, which is low  
in fiber and high in fats, need only dietary modification.  
This is often exacerbated by caffeine, alcohol, and an 
irregular sleep/wake cycle. Profound or bloody diarrhea 
may require stool cultures, fecal fat analysis, or endoscopy, 
among others. Loose stools can be treated initially with fiber 
supplementation. Although 25–35 g/day is the recommended 
target, patients will require titration of the dose.

Typically, the high fiber diet and fiber supplements and 
stool softeners should be trialed for 4–6 weeks. Reevaluation 
should focus on symptom management. The appearance of 

internal hemorrhoids during anoscopy may be unchanged, 
but if symptoms are well controlled, this should be con-
sidered a successful outcome. Long-term compliance with 
these measures can be problematic, as many patients will not 
commit to indefinite treatment. In addition, many fiber sup-
plements carry significant noncompliance due to poor palat-
ability or side effects such as abdominal bloating, excessive 
flatus, or crampy abdominal pain. Patients should be started 
on a low dose and titrated up to the desired effect in order to 
minimize the side effects.

Toileting Behavior

Patients with hemorrhoids commonly exhibit dysfunctional 
toileting behaviors. It is not clear that this is a result of hem-
orrhoidal symptoms or a contributing factor toward symp-
toms. Common issues include excessive straining, pushing, 
Valsalva maneuver, and prolonged time on the toilet. Patients 
should be encouraged to spend 3–5 min on the toilet as a 
general guideline. Patients should refrain from the common 
practice of reading on the toilet, as this may lead to prolonged 
periods of straining. Patients requiring excessive time on the 
toilet (>30 min) or those with multiple unsuccessful attempts 
should be considered for evaluation of a pelvic floor disorder. 
In addition, perianal hygiene routines should be addressed. 
Patient with soft or pasty stool commonly complain of exces-
sive wiping. Some patients become compulsive with clean-
ing rituals. Patients should be encouraged to wipe only until 
clean. Excessive wiping can cause local trauma, contributing 
to inflammation of prolapsing internal hemorrhoids, bleed-
ing of external hemorrhoids, and worsening pruritis. The use 
of premoistened wipes (baby wipes and witch hazel wipes) 
is safe and often less traumatic. Patients should be cautioned 
to dry the perineum afterwards because a wet perineum will 
lead to further skin maceration and symptoms.

Sitz Baths

Sitz baths are commonly recommended as part of the initial 
treatment plan and can aid with hygiene, particularly after 
bowel movements. They often provide symptomatic relief 
of pain, itching, burning, and may facilitate the manual 
reduction of prolapsed hemorrhoids. Sitz baths may allevi-
ate sphincter and pelvic floor spasm, which contribute to the 
discomfort in some patients.

Sitz baths should be warm, as if a patient were taking a 
normal bath (approximately 40°C) but not scalding hot. In 
attempt to maximize the therapeutic benefits of sitz baths, 
patients have been known to scald their perineal skin. Sitz 
baths are best accomplished in a traditional bathtub, how-
ever, older patients may not be able to get in/out of a bath-
tub due to orthopedic issues and some patients may not 
have access to a bathtub. In such cases, portable sitz baths 
are available (Figure 11-2). These are placed on top of the 

Table 11-4. Fiber supplements

Fiber supplement Brand name products

Psyllium Metamucil, Konsyl Fiberall, Hydrocil, Perdiem, 
Serutan

Methylcellulose Citrucel
Calcium Polycarbophil FiberCon, Fiber-lax, Equalactin, Mitrolan
Wheat Dextrin Benefiber
Inulin FiberChoice
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toilet and allow patients to soak the perineum only.  Soaking 
time should be limited to approximately 15 min. Prolonged 
soaking in water may contribute to edema. Patients should be 
discouraged from adding salts, oils, or lotions to the water. 
These products may cause further inflammation of prolaps-
ing hemorrhoids.

There is a dearth of objective evidence supporting the use 
of sitz baths for hemorrhoids or other anorectal disorders.39 
However, many patients subjectively report relief from this 
practice. Considering the low cost and low risk, it is appro-
priate to continue to recommend sitz baths.

For a large number of patients, increasing fiber and water, 
sitz baths, and simple behavioral modifications are adequate 
to completely treat hemorrhoid symptoms. If dietary and 
behavioral modifications are unsuccessful, then additional 
treatment options should be considered.

Medical Therapy

A large number of topical medications, suppositories, and 
wipes are available to patients. Patients will frequently 
attempt self-medication with over-the-counter products 
before  seeking treatment from a physician. Objective 
 evidence regarding the effectiveness of these products is 
sparse. Most available data does not rigorously examine 
products compared to controls or placebo, or make use of 
standardized definitions and survey instruments. It is 
therefore inappropriate to make firm recommendations in 
support of any of the products. The use of these products 
is so common that surgeons should be familiar with them 
so that appropriate discussion can be entertained with 
patients.

Common over-the-counter products include ointments, 
creams, gels, suppositories, foams, and wipes. Most products 
contain a combination of agents including a barrier protectant 
and another active ingredient. Local anesthetics applied topi-
cally may provide temporary relief of pain, itching, and burn-
ing. The delivery vehicles may cause local irritation to the 
anoderm. The active ingredients include benzocaine, ben-
zyl alcohol, dibucaine, dyclonine, lidcaine, pramoxine, and 
 tetracain. Vasoconstricting agents can be used in an effort to 
reduce swelling and engorgement of hemorrhoids. Available 
drugs include ephedrine, epinephrine, and phenylephrine. 
Barrier protectants aim to prevent skin irritation by keep-
ing mucus, stool, or mucosa from directly contacting the 
perianal skin. Common products include aluminum hydrox-
ide gel, cocoa butter, glycerin, kaolin, lanolin, mineral oil, 
petrolatum, starch, and zinc oxide. Astringents can be used 
to clean and dry the perineum. These products include cala-
mine, zinc oxide, and witch hazel. Analgesics aim to sooth 
the anus. These include camphor, juniper tar, and menthol. 
Corticosteroids are anti-inflammatory drugs. These serve to 
reduce perianal inflammation, itching, and pain. Prolonged 
use may cause thinning of the skin and therefore should not 
be used for longer than a few weeks.

Patients commonly attempt symptomatic relief with sup-
positories. Suppositories do not typically remain localized 
within the anal canal. They are often expelled immediately 
after insertion, in which case they cannot deliver a sus-
tained dose of medication. Alternatively, they may migrate 
proximally into the rectum, where the medication will be 
delivered. However, as these medications are meant to act 
topically within the anus, they are not affecting the appropri-
ate mucosa. Suppositories may provide indirect benefit by 
either mechanically stimulating the rectum to evacuate or 
they may deliver lubrication to the anal canal and rectum, 
which can provide some benefit by lubricating the anus, and 
thus mitigating the effects of stool trauma on the hemor-
rhoids. A variety of soothing creams and ointments are con-
tained within the suppositories. Frequently, steroids and/or 
local anesthetics will be combined with these agents.

Phlebotonics

Phlebotonics are a heterogeneous collection of substances 
that are used to treat venous insufficiency, lymphedema, 
venous stasis ulcers, and certain bleeding conditions, but also 
to treat hemorrhoids. Some of these products are plant extracts 
(flavonoids and saponosedes), and some are  synthetic com-
pounds (calcium dobesilate and naftazone). These compounds 
are purported to improve venous blood flow, which may ame-
liorate conditions such as lower extremity venous insuffi-
ciency or engorged hemorrhoids. The specific mechanisms of 
action are largely unknown, but they are believed to improve 
venous tone, stabilize capillary  permeability, and increase 
lymphatic drainage.40–42 Documented benefits are largely 

Figure 11-2. Portable Sitz bath.
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unknown due to the lack of controlled studies. Some com-
pounds have specific safety concerns, such as the flavonoids 
which can cause GI side effects or calcium dobesilate which 
can cause agranulocytosis.43

The citrus bioflavoinoids, which create pigmentation in 
fruits, are most often used in Europe. There are multiple 
alleged health benefits, but most are not substantially docu-
mented. The most common compounds include diosmin, 
hesperidin, rutin, naringin, tangeretin, diosmetin, narirutin, 
neohesperidin, nobiletin, and quercetin. A commercially 
available diosmin product has been shown to be effec-
tive for the treatment of hemorrhoids, but such products 
are not available in pharmaceutical grade in the USA.44–48 
They are available as nutritional supplements (Daflon 500® 
Les Laboratories, Servier, France) and with the increas-
ing incidence of patients ordering international products 
through the internet, it is critical to be familiar with this and 
related supplements. Other naturally occurring compounds 
include “flavonoids,” Rutosides,49,50 buckwheat herb, ruscus 
aculeastus (butcher’s broom), hidrosmin, gingko biloba, 
saponsides, escin (horse chestnut seed), and Hamamelis 
Virginiana (Witch Hazel).

Synthetic products include calcium dobesilate, naftazone, 
aminaftone, chromocarbe, iquinosa, flunarizine, and sulfo-
mucopolysaccharide. Of this group, calcium dobesilate may 
be the most widely examined. Its function stems from the 
capacity to stabilize capillary permeability, decrease platelet 
aggregation, and improve lymphatic transport. Metes et al.51 
sought to determine the clinical efficacy of calcium dobe-
siliate for hemorrhoids by conducting a randomized clini-
cal trial comparing effects to fiber supplementation alone. 
Patient symptoms significantly improved after only 2 weeks 
of treatments.51

A recent meta-analysis examining the utility of flavonoids 
to treat hemorrhoids reviewed 14 trials.52 There was signifi-
cant heterogeneity between trials, but there did appear to be a 
beneficial effect. Patients enjoyed decreased bleeding, pain, 
and itching. The doses and formulations of the investigated 
compounds were highly variable.

Office Treatments

A variety of office-based treatments are available as 
options for patients including RBL, infrared coagulation, 
bipolar diathermy, direct-current electrotherapy, injection 
sclerotherapy, dilation, and cryotherapy. The choice of 
therapies depends on surgeon experience, patient prefer-
ence,  availability of equipment, and medical status of the 
patient. It should be emphasized that all of these techniques 
are directed toward treatment of internal hemorrhoids. 
The lack of somatic innervations proximal to the dentate 
line permits such  treatments, but excludes office-based 
directed treatments directed  specifically toward external  
hemorrhoids.

Rubber Band Ligation

RBL is one of the most commonly performed office pro-
cedures to treat hemorrhoids. It has been widely adopted 
due to its efficacy, safety, and cost effectiveness. RBL is a 
 technique of internal hemorrhoid fixation. A small rubber 
band is applied at the apex of the internal hemorrhoid, which 
creates an inflammatory response. The fibrotic reaction 
 creates  fixation of the hemorrhoid high in the anal canal at 
the normal anatomic position. By correcting the prolapse, 
the venous drainage improves and the hemorrhoids shrink 
in size.

Mechanical bowel preparation is not required, although an 
enema shortly before the procedure can improve visualiza-
tion. Patients are ideally positioned in the prone jackknife 
position on a proctology table. The next best option is the left 
lateral decubitus position. The patient must be able to toler-
ate a complete anoscopic exam. If the patient cannot tolerate 
this examination, then this procedure may require sedation 
in a monitored setting. Fortunately, discomfort is quite rare.

After a formal anoscopic examination, the grasping instru-
ment is used to bring the redundant mucosa at the proximal 
aspect of the internal hemorrhoids into the barrel of the band-
ing instrument. The grasper is used to gently bring as much 
tissue as possible into the barrel (Figure 11-3). The band is 

Figure 11-3. Rubber banding an internal hemorrhoid. A The inter-
nal hemorrhoid is teased into the barrel of the ligating gun with a 
McGown suction ligator or B a McGivney type ligator. C The apex 
of the banded hemorrhoid is well above the dentate line in order 
to minimize pain. (Reprinted from Beck D, Wexner S. Fundamen-
tals of Anorectal surgery, 2nd ed. Copyright 1998, with permission 
from David Beck, MD).
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then applied to this redundant mucosa, allowing reduction 
of the prolapse and fixation of the hemorrhoid. It is criti-
cal to place the band proximal to the dentate line (approxi-
mately 2 cm proximal). If the band is applied less than 2 cm 
proximal from the dentate line, the patient may feel signifi-
cant pain. The band causes relative ischemia to the tissue 
contained within, which will then slough in 5–7 days. This 
creates an ulcer at the site, with an inflammatory response 
surrounding  it. As the ulcer develops and subsequently heals, 
the  accompanying fibrosis will secure the internal rectal 
mucosa to the underlining sphincter. A common mispercep-
tion is that the rubber band strangulates the entire internal 
hemorrhoid. It is the ulcer, and subsequent scarring that 
causes fixation. By returning the internal hemorrhoid to its 
normal anatomic position, the hemorrhoid will no longer 
prolapse outside the anus, venous return will improve, and 
the hemorrhoid will shrink.

There are a variety of banding instruments available for 
RBL, but all make use of the same basic principles. The cat-
egories include variations of the McGivney type of ligators, 
McGown suction-type ligators, endoscopic, and disposable 
instruments. The McGivney ligators come in several styles 
and require the use of an atraumatic Allis-type grasper. A 
trigger is activated to deploy the rubber band. This requires 
two hands to operate and typically an assistant to hold the 
anoscope in place.

The second type of banding instrument is the McGown 
type suction ligator. (McGown, Pembroke Pines, FL). This 
instrument makes use of suction to draw the hemorrhoid 
into the barrel. It is positioned and activated with the same 
hand, which leaves the other hand free to position the ano-
scope. This may allow the surgeon to perform the procedure 
independently.53 The barrel of the suction ligator is smaller 
than the more traditional devices, therefore less tissue is 
banded.

RBL can be safely and effectively performed with an 
endoscopic variceal ligator in conjunction with a  flexible 
 endoscope.54–56 Gastroenterologists commonly perform 
 banding of esophageal varices with this instrument. The 
cost and risks of performing flexible endoscopy may not be  
justified in all patients, but if diagnostic endoscopy is indi-
cated, then combining banding with the procedure may be 
appropriate.

Finally, two varieties of disposable instrumentation have 
been developed for banding. The first is a disposable suction 
ligator (ShortShot® Saeed Hemorrhoidal Multi-Band Liga-
tor, Cook Medical) (Figure 11-4), with four preloaded rubber 
bands. The device is placed over the site of ligation, a thumb 
hole is occluded to activate the suction, and a dial rotated to 
deploy a band. This is similar to the McGown ligators, in 
that it makes use of suction, and may eliminate the need for 
an assistant.57,58

The second type of disposable ligator (O’Reagan Ligating 
System) (Figure 11-5A–C) makes use of a syringe type of 
device. The surgeon can also perform this procedure alone. 

As depicted in the illustration, the ligator is placed at the site, 
the syringe withdrawn, thus creating  negative pressure and 
drawing tissue into the device, and the band deployed with a 
thumb trigger. This device has been reported to be safe and 
effective similar to other  devices.58

Regardless of the type of banding instrumentation, an ano-
scope, a bright light, and possibly an assistant are the only 
requirements for this procedure. It is appropriate for first-, 
second-, and third-degree hemorrhoids. However, patients 
with very large and bulky hemorrhoids may require mul-
tiple treatments. Typically, the largest or most symptomatic 
hemorrhoid should be banded first. If the patient experiences 
a complication or pain and the procedure must be aborted, 
then the most symptomatic quadrant was already addressed. 
Some surgeons prefer to place two bands at the hemorrhoidal 
bundle (by loading two bands onto the ligator) in case one 
band slips or sloughs early.

Patients should be instructed to resume normal activities 
immediately after the procedure. The band and some of the 
internal hemorrhoid will slough approximately 5–7 days 
after the procedure. Patients may experience blood per rec-
tum and should be informed of this ahead of time to ease 
anxieties. More importantly, patients should specifically be 
instructed, if medically possible, to refrain from anticoagula-
tion [including aspirin and nonsteroidal anti-inflammatory 
drugs (NSAIDs)] for 10 days. There is no evidence sup-
porting this strategy; however, it seems reasonable to 
avoid anticoagulation in anticipation of a known bleeding 
event. RBL is relatively contraindicated in patients on sys-
temic anticoagulation with warfarin, antiplatelet therapy, 
heparin, or low molecular-weight heparin. The procedure 
itself can usually be performed bloodless fashion, but the 
bleeding that occurs 1 week after the procedure occurs 
in an uncontrolled setting and may potentially lead to a 
massive bleeding episode. Patients should be maintained 
on the bowel regimen started previously or at that time. 

Figure 11-4. A ShortShot®Saeed Hemorrhoidal Multi-Band Liga-
tor (Cook Medical).
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 Constipation has been specifically correlated with less  
successful outcomes after banding.59

It has been demonstrated that banding multiple hemor-
rhoids in the same setting is safe and that there are no signifi-
cant increases in complications.20,60–64 Although the majority 
of patients tolerate banding of multiple sites with minimal 
discomfort or complications, there is data suggesting greater 
pain (29 vs. 4.5%), vasovagal symptoms (5 vs. 2%), and uri-
nary retention (12 vs. 0%) if multiple hemorrhoids are band-
ed.63 For this reason, some surgeons will choose to apply 

one band at the first setting, and depending on the patient 
response and outcome, apply additional bands at subsequent 
visits if necessary.

Complications after RBL fortunately are rare and usually 
minor. The most common complications are pain, thrombo-
sis, bleeding, and urinary hesitation or retention. The most 
common complication after banding is pain. Because the 
bands are placed proximal to the dentate line, patients typi-
cally experience vague pressure or fullness more commonly 
than somatic pain. It may also be common to experience 

Figure 11-5. A O’Regan disposable banding system (Medsurge Medical Products Corp., Vancouver, Canada). B, C Technique of internal 
hemorrhoidal ligation using the O’Regan ligating system.
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the urgency to evacuate the rectum or the sensation of 
 incomplete evacuation. These sensations typically subside in 
24–48 h. Patients may resume sitz baths if their symptoms 
dictate, and this may relieve the pressure and/or fullness. 
Pain has been reported some series as low as 5%, but also as 
high at 60%.27,58,65–67 Severe pain is rare, and usually due to 
one of the several clinical situations. Pain immediately after 
the procedure is related to a band misplaced too close to the 
dentate line. If the pain becomes unbearable, and the patient 
can no longer tolerate the anoscopy, then the surgeon can 
attempt a local anal block in the office setting to facilitate 
band removal, or even proceed to the operating room where 
anesthesia providers and sedation are more readily available. 
The delayed onset of pain may signify the complications of 
thrombosed internal and/or external hemorrhoids. This is 
typically treated with analgesics, sitz baths, and observation. 
If the pain is severe enough, then hemorrhoidectomy may 
rarely be indicated.

Other complications such as abscess, early band slippage, 
and urinary dysfunction are reported but rare.68 The most 
concerning complication of RBL is pelvic sepsis. This is an 
extremely rare, but potentially fatal complication. There have 
been several documented case reports of this situation.69–72 
The clinical picture of worsening pain, fever, and urinary 
retention mandates immediate attention, including exami-
nation under anesthesia if necessary, as this may suggest 
the diagnosis of pelvic sepsis.72 CT scan of the pelvis may 
demonstrate extrarectal air and/or inflammation, which may 
require exploratory laparotomy and pelvic drainage and/or 
fecal diversion. This potentially devastating complication 
may be increasing as the number of immunocompromised 
patients grows.73

Finally, it should be noted that most rubber bands are made 
with latex. Latex-free bands are available. Patients with true 
latex hypersensitivity should be advised not to undergo the 
procedure. Anaphylaxis from this application has not been 
reported, but a known fatal side effect should be avoided for 
a minor outpatient procedure.

The large majority of patients will respond to treatment of 
first- or second-degree hemorrhoids.54,74,75 It may be common 
that patients require multiple treatment sessions.  Savioz et al.75 
followed a small cohort of patients over 10 years. Thirty-two 
percent required repeat banding by 10 years. Bayer et al.76 
followed nearly 3,000 patients over 12 years. Eighteen per-
cent required repeat banding and 2% required formal hemor-
rhoidectomy. This is a fairly durable procedure and can be 
easily and safely repeated if necessary. Many patients would 
find banding, and even repeat banding, preferable to the 
significantly more painful hemorrhoidectomy.

Infrared Photocoagulation, Bipolar Diathermy,  
and Direct-Current Electrotherapy

Surgeons utilize infrared photocoagulation, bipolar diathermy, 
and direct-current electrotherapy much less commonly as 

 compared to RBL. These procedures are similar to RBL 
in that all are techniques of fixation. The difference is 
only in the method of fixation. The management issues such 
as patient preparation, positioning, and anticoagulation are 
similar to RBL.

Infrared photocoagulation employs infrared radiation 
to generate heat, which coagulates proteins and creates an 
inflammatory bed (Figure 11-6). The subsequent eschar for-
mation and scarring at the site of application create the point 
of fixation for the internal hemorrhoid during the 2 weeks 
following the procedure.77 A tungsten halogen lamp is used 
to generate the infrared radiation (Redfield Corp, Montvale, 
NJ) (Figure 11-7). The applicator tip is placed at the apex of 
the internal hemorrhoid for a 1.0–1.5 pulse of energy. Typi-
cally three or four applications at each hemorrhoid are per-
formed. Up to three internal hemorrhoids may be treated at 
a single visit.57 The application of this device will yield a 
4 mm2 focus of coagulation with a 2.5 mm deep ulcer. Com-
plications are minor and rare. If the radiation is applied too 
close to the dentate line, then postprocedural pain may occur 
as the tissue ulcerates. Bleeding may be caused by excessive 
application of the energy. Infrared coagulation is best applied 
to small first- and second-degree hemorrhoids. There is some 
evidence that it may be less painful than banding.78 At least 
three prospective randomized clinical trials have suggested 
that infrared coagulation controls bleeding in the majority 
of patients with first- or second-degree hemorrhoids.57,71,72 
One drawback of this technique is the expense of the device, 
which is clearly more costly than a rubber band ligator.

Bipolar diathermy is an alternative technique of fixation. 
Rather than a rubber band or an infrared-induced ulcer creat-
ing the point of fixation, bipolar radiofrequency energy is 
applied to the apex of the hemorrhoid. Bipolar energy does 

Figure 11-6. A Infrared photocoagulation. The infrared photoco-
agulator creates a small thermal injury. Thus, several applications 
are required for each hemorrhoidal column. (Reprinted from Beck 
D. Hemorrhoids. Handbook of Colorectal Surgery. 2nd ed. Copy-
right 2003 by Taylor & Francis Group LLC).
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not penetrate as deeply as monopolar electrocautery. The 
energy is applied in a pulsatile fashion until the tissue coagu-
lates. The depth of coagulation is 2.2 mm. Success rates of 
treatment have been reported from 88 to 100%, however, up 
to 20% of patients may ultimately require excisional hemor-
rhoidectomy for prolapse.79–81

Direct-current electrotherapy is an additional method of 
applying energy to the site, with the intent of creating a scar, 
and thus securing the internal hemorrhoid in place. An appli-
cator is directed to the apex of the internal hemorrhoids, and 
a 110-V direct current is delivered at increasing amperage 
up to the maximum tolerable level, which is approximately 
16 mA. The energy is then delivered for 10 min. Patients fre-
quently require multiple treatments at the same hemorrhoid. 
This technique has not gained popularity, primarily because 
of the time course required to treat each site and inability to 
treat larger grade III hemorrhoids.82–84

Sclerotherapy

Sclerotherapy is also a technique of internal hemorrhoidal fix-
ation. Unlike the previously described techniques which rely 
on energy delivery to the site, this office technique employs 
chemical agents to create fibrosis and fixation of the hemor-
rhoids. The sclerosing agent obliterates the vascularity of 
the internal hemorrhoid, reduces the hemorrhoid in size, and 
secures it at the anatomic position. This is also performed in 
the office in a manner similar to RBL. A variety of sclerosing 
agents are available, but commonly used solutions include 5% 
phenol in an oil base, 5% quinine and urea, or a hypertonic 
saline solution. A spinal needle can be convenient to prevent 
the surgeon’s hands and syringe from obstructing the ano-
scopic view. A 25 gauge (or smaller) needle should be used to 
minimize bleeding; 2–3 ml of the sclerosant is injected 1–2 cm 
proximal to the dentate line at or near the base of the inter-
nal hemorrhoid (Figure 11-8). The injection should go into 

the submucosal space, and the surgeon should take caution to 
avoid injection into the mucosa or intramuscular spaces, which 
may cause either mucosal sloughing with a large ulcer or sig-
nificant pain.

Sclerotherapy can be safely used in patients on systemic 
anticoagulation since it does not induce sloughing, but rather 
a fibrotic reaction. Multiple repeated attempts at sclerother-
apy should be avoided due to the potential complication of 
stricture. Complications are generally related to injection 
of the sclerosant into an unintended anatomical space.85 On 
rare occasion, the sclerosant or the oil vehicle may cause a 
significant inflammatory reaction with subsequent abscess, 
urinary retention, or even impotence.86 Sclerotherapy is best 
indicated for first- or second-degree internal hemorrhoids. 
Success rates are generally reported to be high. A prospec-
tive randomized trial comparing single versus multiple 
injections of phenol yielded similar results, with symptom 
control in nearly 90% of patients.87 However, not all data are 
as impressive, with some series reporting 30% recurrence of 
symptoms 4 years after injection.66 One trial even suggests 
that sclerotherapy plus fiber yields similar bleeding control 
rates as fiber alone.88

In many practices, RBL or infrared coagulation have 
become the preferred office-based procedures, except in 
anticoagulated patients, in whom injection sclerotherapy is 
the safest option.

Anal Dilation

Anal dilation – also known as Lord’s procedure – was origi-
nally described as dilation to accommodate four fingers of 
both hands.89 This essentially creates an uncontrolled stretch 
injury to the sphincter. Ultrasonographic evidence and post-
operative incontinence have precluded this treatment from 
gaining acceptance in the USA.90–92

Figure 11-7. Infrared coagulation IRC2100™ (Redfield Corpora-
tion, Rochelle Park, NJ).

Figure 11-8. Injection Sclerotherapy. The needle is placed proxi-
mal to the apex of the internal hemorrhoids into the submucosal 
space.
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Cryotherapy

Cryotherapy is an alternative method of fixation of the 
 internal hemorrhoids. This technique makes use of freezing 
as a method of local tissue destruction. A specialized probe 
is cooled by nitrous oxide (−70°C) or liquid nitrogen 
(−196°C). The probe is then applied to the desired location at 
the apex of the internal hemorrhoids. The procedure can be 
time-consuming, and the patients can experience pain and a 
foul smelling discharge per rectum afterwards.93–95 In addi-
tion, the probe is not widely available, and inappropriate 
applications can lead to anal stenosis, sphincter damage, or 
even fecal incontinence. This technique is rarely offered and 
should likely be abandoned.

Operative Hemorrhoidectomy

In broad terms, operative hemorrhoidectomy is indicated for 
patients who fail nonoperative management techniques, have 
advanced disease unlikely to be amenable to nonoperative 
techniques, or significant external hemorrhoids requiring 
excision. In addition, patients with other anorectal pathology, 
such as fissures, fistulas, or abscesses requiring operative 
intervention may elect for concomitant hemorrhoidectomy. 
Patients unable to tolerate office procedures or coagulopathic 
patients requiring definitive control of bleeding are also suit-
able candidates for operative therapies.

A relatively small number of patients, 5–10%,96,97 require 
operative hemorrhoidectomy compared to the very large 
number of patients experiencing hemorrhoidal symptoms. 
Surgical treatment falls into three categories: excisional 
hemorrhoidectomy, stapled hemorrhoidopexy, and a rela-
tively newer technique of Doppler-guided transanal devas-
cularization.

Excisional hemorrhoidectomy remains the gold standard 
treatment to which other operations must be compared. 
Its safety and efficacy have withstood the test of time for 
decades. The obvious drawback to this operative approach 
is the notorious postoperative pain. There are three varia-
tions of excisional hemorrhoidectomy: the open technique, 
the closed technique, and the circumferential (Whitehead) 
technique.

Closed Hemorrhoidectomy (Ferguson 
Hemorrhoidectomy)

Described by Ferguson some 40 years ago, the closed hem-
orrhoidectomy or Ferguson hemorrhoidectomy remains the 
most common operation for hemorrhoids in the USA.98

Patients do not require a formal mechanical bowel prepara-
tion or perioperative antibiotics. Enemas prior to surgery are 
sufficient for evacuation of the rectum. Prone jackknife posi-
tion with the buttocks taped widely apart allows  maximum 
exposure. Some surgeons prefer the lateral decubitus posi-
tion. This operation can be performed under general, regional, 
or local anesthesia with intravenous sedation. Sedation with 

local anesthesia is safe and can facilitate an expeditious 
recovery and discharge.99

The operation begins with a formal anoscopic examina-
tion and a proctoscopic examination if indicated. A deep 
anchoring suture is placed at the apex of the internal hemor-
rhoid using absorbable suture material. The ligature should 
be deep to the submucosa, so as to incorporate the feeding 
artery and devascularize the pedicle. A diamond-shaped inci-
sion is made to plan the dissection, with either scalpel or a 
cautery device. The incision should begin immediately distal 
to the anchoring suture, incorporate the bulk of the internal/
external hemorrhoid, and extend widely onto the perineum. 
A long incision will give a smooth contour when the wound 
is closed. Next, starting at the distal aspect of the diamond-
shaped incision, the hemorrhoidectomy is initiated. A hemo-
static clamp can be applied to the external hemorrhoids in 
order to facilitate traction of the specimen; however, the sur-
geon must be confident that there is not a significant amount 
of sphincter within the clamp. The skin and subcutaneous 
tissues are dissected with scalpel, scissors, or cautery. The 
dissection proceeds to remove the external hemorrhoid, and 
the base of the wound will now expose the external sphinc-
ter. Care should be taken to dissect the mucosa and submu-
cosal away from the underlying sphincter fibers. As long as 
the submucosal plane is not traversed, the muscle fibers can 
usually be easily swept downward, away from the hemor-
rhoid tissue. The dissection proceeds proximally, separating 
the internal hemorrhoids from the external and finally the 
internal sphincter. This portion of the dissection, with good 
visualization of the sphincter, is the critical aspect in pre-
venting injury to the sphincter. The use of cautery, scalpel, 
scissors, or even an advanced energy device does not change 
this critical element. The specimen is amputated just distal to 
the anchoring stitch. The wound is inspected for hemostasis. 
The suture at the apex stitch is retrieved and used to close the 
wound. If the mucosal edges are bleeding, a running locked 
suture can aid hemostasis. If there is significant dead space 
deep to the closure, then a three-point stitch, incorporating a 
small amount of sphincter, will obliterate this space.

Another variation of the techniques uses an hourglass-
shaped incision around the hemorrhoid bundle. The bundle 
is dissected carefully off the muscle until the proximal vas-
cular bundle is encountered. This structure is clamped and 
the hemorrhoidal bundle is excised. The vascular pedical 
is suture ligated and the stitch is used to approximate the 
mucosa as described above. This variation ensures that max-
imal anoderm is retained and there is no suture to obstruct 
the dissection (Figure 11-9).

Care should be taken with both techniques to match up 
the anal verge from both sides of the wound. The distal most 
aspect of the wound (5 mm) should be left open to drain. 
The wound should be dressed with a nonadherent dressing, 
or antibiotic ointment and gauze, and mesh panties. Tape on 
the buttocks should be avoided so as to prevent the painful 
removal and avoid putting tension on the new suture lines. 
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Patients can be discharged home in most cases. One, two, or 
three quadrants may be excised at a single operation. Main-
taining bridges of viable skin and mucosa in between each 
excision will prevent anal stenosis.

The operative specimen does not require routine patho-
logic examination as the incidence of significant pathology 
as a clinically normal exam is not justified.

Open Hemorrhoidectomy (Milligan–Morgan)

The open technique, or Milligan–Morgan, is more commonly 
used in the UK and follows the technique described by Mil-
ligan and Morgan.100 Perioperative management is identical 
to Ferguson hemorrhoidectomy.

The external hemorrhoids are grasped with a hemo-
stat and retracted in the caudal direction. This exposes the 
 internal hemorrhoids, which are also grasped with hemo-
stats.  Traction on the three internal/external bundles exposes 
the apex of each group. A V-shaped incision is made on 
the anoderm extending to the mucocutaneous junction. 

The sphincter fibers are exposed and gently dissected away 
from the hemorrhoid with sharp and blunt dissection. As 
with open hemorrhoidectomy, care is taken to separate the 
sphincter fibers from the hemorrhoid bundle. The apex of the 
pedicle is then suture ligated, and the hemorrhoid amputated 
(Figure 11-10). One, two, or three columns can be excised.101 
The wounds are left open to granulate.

Circumferential Technique (Whitehead  
Hemorrhoidectomy)

The Whitehead hemorrhoidectomy involves a circumfer-
ential excision of the internal hemorrhoids and redundant 
mucosa just proximal to the dentate line.102–105 The technique 
describes total excision of the hemorrhoids and mucosa from 
the dentate line and progressing proximally (Figure 11-11). It 
had been used more commonly in the UK, but became much 
less popular. It was never widely adopted in the USA. Many 
surgeons would suture the proximal rectal mucosa to the anal 

Figure 11-9. Ferguson closed hemorrhoidectomy. A An incision is 
made in the mucosa and anoderm around the hemorrhoid bundle. 
B The hemorrhoid dissection is carefully continued cephalad by 
dissecting the sphincter away from the hemorrhoid. C After dis-
section of the hemorrhoid to its pedicle, it is clamped, secured, or 
excised. The pedicle is suture ligated. D The wound is closed with 
a running stitch. Excessive traction on the suture is avoided to pre-
vent forming dog-ears or displacing the anoderm caudally.

Figure 11-10. Open (Milligan–Morgan) hemorrhoidectomy. A External 
hemorrhoids grasped with forceps and retracted outward. B Inter-
nal hemorrhoids grasped with forceps and retracted outward with 
external hemorrhoids. C External skin and hemorrhoid excised with 
scissors. D Suture placed through proximal internal hemorrhoid 
and vascular bundle. E Ligature tied. F Tissue distal to ligature is 
excised. Inset depicts completed three-bundle hemorrhoidectomy.
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skin, which resulted in a significant mucosal ectropion, the 
so-called Whitehead’s deformity. In addition, high rates of 
stenosis and incontinence have lead to abandonment of this 
technique at most centers.

Results of Hemorrhoidectomy

The long-term results of excisional hemorrhoidectomy are 
excellent. There are however, relatively few studies with 
long-term follow-up on a large number of patients. MacRae 
et al.106 reviewed available data and found that the recurrence 
of symptoms or need for subsequent treatment is low.

The debate regarding open or closed hemorrhoidectomy 
is longstanding. Multiple clinical trials have examined the 
relative merits of each technique. In recent years, there have 

been at least four randomized comparative trials examining 
open versus closed hemorrhoidectomy.107–110 These trials 
revealed similar postoperative pain, analgesic requirement, 
length of stay, and complications. Some authors suggest 
complete wound healing was superior in open hemorrhoid-
ectomy,110 similar between groups,93,94 or closed hemorrhoid-
ectomy.108,109

Ho and Buettner111 performed a meta-analysis comparing 
open and closed techniques. Six trials including nearly 700 
patients were included. There were no significant differences 
in cure rates, length of stay, maximum pain score, or compli-
cations rates. Open hemorrhoidectomy was faster to perform, 
but closed hemorrhoidectomy wounds did heal faster. In 
summary, there were no clear differences between the two 
techniques. As with any operations in which equivalent 
results have been documented, the surgeon should offer 
whichever operation he/she is most comfortable performing.

The greatest patient concern regarding hemorrhoidectomy 
is postoperative pain. This experience has become a signif-
icant deterrent to many patients and often causes delay in 
seeking surgical care for hemorrhoids. Even relatively recent 
trials, which incorporate the most modern anesthesia and 
postoperative analgesic practices, demonstrate the frequent 
need for narcotic pain medication and the prolonged delay in 
returning to normal activities for up to a month.112–115

Due to the significant postoperative pain, several meth-
ods have been examined in an effort to minimize postop-
erative pain. Alternative methods of tissue dissection have 
been investigated. The LigaSure™ bipolar energy device  
(Valleylab, Boulder, CO) as well as the Harmonic®  Ultrasonic 
Device (Ethicon Endosurgery, Cincinnati, OH) have been 
examined for hemorrhoidectomy. The supposition is that 
the advanced energy devices may create less thermal injury, 
less tissue destruction, and therefore less postoperative pain. 
Multiple randomized trials have examined these devices as 
compared to diathermy hemorrhoidectomy.111,116–129

These trials were all modest size (30–86 patients). The 
data suggests that advanced energy devices may save operat-
ing time, with a lower blood loss. The clinical significance of 
the difference in blood loss was questionable in most cases 
(<25 mL). The postoperative pain was similar or less than 
diathermy in the Ligasure™ and Harmonic® studies. Unfor-
tunately, there is little long-term data regarding the safety and 
durability of these devices for this application. Furthermore, 
the cost of these devices is clearly in excess of the traditional 
instrumentation required for excisional hemorrhoidectomy. 
The potentially shorter operative time may not offset this cost. 
A recent Cochrane review of Ligasure™ hemorrhoidectomy 
compared to excisional hemorrhoidectomy was performed.111 
This review included 12 trials with over 1,100 patients. Liga-
sure patients experienced less pain on the first postoperative 
day, and most studies suggested less analgesic requirements. 
This benefit disappeared by postoperative day 14. Excisional 
hemorrhoidectomy required nine additional minutes to per-
form. There were no differences in complications, recurrent 

Figure 11-11. Whitehead hemorrhoidectomy. A Suture placed 
through proximal internal hemorrhoid for orientation. Excision 
started at dentate line and continued to proximal bundle. B Internal 
hemorrhoidal tissue excised above ligated bundle. C Vascular tissue 
excised from underside of elevated anoderm. D End of anoderm 
reapproximated with sutures to original location of dentate line. 
E Completed procedure.
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bleeding, or incontinence.  Ligasure™ patients returned to 
work 5 days sooner than control patients.

Both Harmonic® and Ligasure™ hemorrhoidectomy 
appear to offer patients reduced postoperative pain, but the 
lack of long-term follow-up precludes a firm recommenda-
tion at this time. If the seemingly low rate of recurrence and 
functional results are sustained during longer-term follow-
up, these techniques will likely grow in popularity. The issue 
will be comparative effectiveness to address the relative cost 
efficiency of these techniques compared to standard hemor-
rhoidectomy.

Several trials have examined diathermy versus scissor 
hemorrhoidectomy. There are not significant differences 
between the two techniques and this should remain surgeon 
preference.130–132 Laser hemorrhoidectomy with NdYAG laser 
has been evaluated as an alternative technique of excisional 
hemorrhoidectomy. There were not significant improve-
ments in clinical outcome compare to excisional hemor-
rhoidectomy.133–135 This technique suffers from a large cost 
and may also create compromised wound healing.135

Additional techniques or adjuncts to hemorrhoidectomy 
have been examined in an effort to decrease postoperative 
pain. Ui136 proposed hemorrhoidectomy with limited inci-
sions, and Patel and O’Connor137 described suture ligation 
of the vascular pedicle alone. Concomitant lateral internal 
sphincterotomy has been demonstrated to reduce postop-
erative pain.138 It may be that sphincterotomy mitigates the 
painful sphincter spasm experienced after hemorrhoidec-
tomy. The uses of postoperative oral139 as well as 10% topi-
cal metronidazole140 have been demonstrated to reduce pain. 
It is unclear whether this represents an anti-inflammatory 
or an antibacterial effect of the drug. Nitroglycerin oint-
ment, a known smooth muscle relaxant, commonly used to 
treat spasm associated with fissures has been examined for 
postoperative pain as well.141,142 Additional agents, such as 
local anesthetics, anxiolytics, parasympathomimetics, and 
other sphincter relaxants have been employed, but none have 
definitively reduced pain and warrant routine use.143–147 Rou-
tine pathologic examination of hemorrhoidectomy specimens 
may not be necessary. A recent review suggests that 1.4% of 
914 patients contained histologic abnormalities.100 During a 
20-year period at Ferguson Hospital, only 1 of 21,257 speci-
mens made was found to contain carcinoma.148

Complications of Hemorrhoidectomy

Bleeding is one of the more common complications after 
hemorrhoidectomy, although delayed severe hemorrhage 
occurs less than 5% of cases.149,150 This may be related to 
infections at the vascular pedicle, however, it may be more 
related to technical factors. One large prospective trial docu-
ments that male patients (narrow anal canal) and surgeon 
as independent risks. This suggests technical issues are the 
cause of bleeding.151 If patients present with massive postop-
erative bleeding, then immediate packing of the anal canal 

or inflation of a balloon-tipped catheter will adequately 
tamponade bleeding. If unsuccessful, then proceeding to the 
operating room for surgical control is appropriate. Patients 
may accumulate large quantities of old clot within the recto-
sigmoid, which should be differentiated from ongoing bleed-
ing. Rectal irrigation can help to distinguish these so that 
selection for operative management can be made.152

Other common complications after hemorrhoidectomy 
include: urinary retention (0.2–36%), infection (0.2–6%), 
fecal incontinence (2–12%), fecal impaction (0.4%), and 
anal stenosis (0–6%).153–158

Stapled Hemorrhoidopexy

An alternative to excisional hemorrhoidectomy is the stapled 
hemorrhoidopexy, which was first described, and subse-
quently modified, by Italian surgeons.159,160 This operation 
makes use of modified circular stapler, traditionally used for 
creating circular end-to-end intestinal anastomoses (Ethicon 
Endosurgery). The operation is primarily a hemorrhoid-
opexy, an operative form of hemorrhoid fixation. The transa-
nal stapler circumferentially excises mucosa and submucosa, 
well proximal to the dentate line. A stapled anastomosis is 
created, thus lifting and securing the redundant mucosa and 
internal hemorrhoids in the normal anatomic position, which 
improves venous outflow. Also, the staple line may divide 
the arterial inflow contained in the submucosal space, thus 
devascularizing the hemorrhoids. This procedure offers the 
convenience of single setting treatment without the painful 
incisions in the highly sensitive anoderm.

This procedure combines elements of several other pro-
cedures. It is an operative technique, like excisional hem-
orrhoidectomy. It excises a circumferential ring of mucosa, 
like Whitehead hemorrhoidectomy. It is a technique of fixa-
tion, like RBL or sclerotherapy. It also devascularizes the 
hemorrhoids, like transanal hemorrhoidal devascularization 
(described below). The main benefit of this procedure as 
compared to excisional techniques is reduced pain. As all the 
staples are within the anal canal, proximal to the dentate line, 
there are no incisions on the highly sensitive anoderm, and 
therefore does not create the same degree of somatic pain as 
excisional hemorrhoidectomy.

The procedure has been cited by several names. Stapled 
hemorrhoidopexy most accurately reflects the nature of this 
operation as a technique of fixation. It is not a hemorrhoid-
ectomy in that excision of hemorrhoid tissue is only a minor 
component. Authors have also referred to it as stapled ano-
pexy, stapled prolapsectomy, and stapled mucosectomy. Pro-
cedure for prolapse and hemorrhoids (PPH) is a proprietary 
name coined by the manufacturer (Ethicon Endosurgery).

Stapled hemorrhoidopexy is best considered an alternative 
to excisional hemorrhoidectomy; therefore, the indications 
are similar. Indications include second- and third-degree hem-
orrhoids that either fail nonoperative methods or in patients 
who desire single setting treatment rather than  multiple RBL. 
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Some exceptions include patients with thrombosed internal 
or external hemorrhoids, who should undergo excisional 
hemorrhoidectomy. Fourth-degree hemorrhoids also require 
excision, as reduction of the hemorrhoids is necessary for the 
conduct of the procedure. Some limited data does support 
the use in irreducible fourth-degree hemorrhoids if they can 
be reduced in the operating room.114

Patent preparation, anesthesia, positioning, and manage-
ment are identical to excisional hemorrhoidectomy. The 
anal canal is examined per routine. The included disposable 
circular anoscope inserted. This anoscope is translucent to 
allow visualization of the dentate line during the procedure. 
A purse string suture anoscope is placed through the circu-
lar anoscope to facilitate the placement of a circumferential 
pursestring suture (2-0 polypropelene) into the submucosa 
2 cm proximal to the apex of the hemorrhoids. The stapler 
is inserted through the anoscope with the head maximally 
opened. The head is passed through the pursestring, and the 
suture is tightened. Gentle traction on the pursestring suture 
then draws the redundant tissue into the stapler. The stapler 
is closed and fired, thus creating a circular partial thickness 
anastomoses proximal to the dentate line, while excising 
a ring of mucosa/submucosa approximately 1–3 cm wide 
(Figure 11-12). The staple line should be carefully inspected 
for bleeding and oversewn, as necessary.

The purse string suture is a critical element as it drives 
the operation. It determines the height of the staple line rela-
tive to the dentate line. If too proximal, inadequate retraction 
of the hemorrhoids may result in recurrent prolapse. If too 

distal, the staple line will be near the dentate line and cause 
pain. If too deep, the patient may experience full thickness 
anastomoses, which can pose a risk of pelvic abscess, fistula, 
or stapled rectovaginal fistula. Multiple examinations of the 
vagina during placement of the suture and before firing the 
stapler may prevent this complication.

The external hemorrhoids are indirectly treated to a limited 
extent. They are drawn into the anal canal, and the devascular-
ization does create some resolution of the external hemorrhoids. 
Significant tags or thrombosed external hemorrhoids can be 
treated concomitantly if symptomatic or in a deferred fashion 
as needed. The large majority of patients will not require fur-
ther treatment of these after stapled hemorrhoidopexy.146

A large number of randomized controlled trials have been 
conducted in the last 10 years. The large majority of these 
trials demonstrated significantly less postoperative pain 
compared to excisional hemorrhoidectomy.21,111,113,114,161–180 
In order to help understand this rapid influx of data, there 
have been several meta-analyses of the results of stapled 
 hemorrhoidopexy.

In 2004, Nisar et al.181 performed a formal systematic 
review of 15 randomized trials examining the safety and 
efficacy compared to excisional techniques. The review 
suggested that there were no difference in total complica-
tions and less frequent immediate postoperative bleeding in 
PPH. There was a shorter hospital stay and return to normal 
activity. Pain was significantly improved with PPH at 24 h 
postoperative. Recurrent prolapse at 6 months was higher in 
PPH, but this was obviously a short follow-up.

Figure 11-12. Stapled hemorrhoidopexy. a Prolapsing internal hemorrhoids and external hemorrhoids. b Circular anoscope is inserted. 
c Purse string anoscope is inserted and circumferential purse string suture is placed proximal to hemorrhoids. d The purse strings are drawn 
through the stapler. e Traction on the purse string draws the redundant mucosa into the head of the stapler. f The stapler is closed onto the 
mucosa and fired. g The final staple line draws the hemorrhoids into the anatomic positions.
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Next, Lan et al.182 performed a systematic review in 2006. 
This review included ten prospective RCT comparing PPH to 
Milligan–Morgan for grades III and IV hemorrhoids. Safety 
and bleeding was similar up to 3 months postoperative. 
Complications were similar. Postoperative pain, operative 
time, length of stay, and patient satisfaction favored stapled 
hemorrhoidopexy. Postoperative skin tags and recurrent pro-
lapse were more frequent in PPH patients.

A more recent systematic review183 evaluated PPH com-
pared to excisional techniques for short- and long-term out-
comes. Twenty-nine trials were examined including 2,056 
patients (20–200 per study). The rate of overall complica-
tions was similar between groups. There was a higher rate 
of bleeding requiring reintervention after PPH. There were 
similar rates of external thrombosis and urinary retention. 
PPH caused fewer fecal impactions, required less operating 
room time, a shorter length of stay, and faster return to nor-
mal activities. Postoperative pain was significantly lower in 
the PPH patients at 24 h postoperative, at the time of first 
bowel movement, and 1–2 weeks postoperative. Recurrent 
prolapse was more common after PPH, but the requirement 
for further operative intervention was similar.

Although the meta-analyses conclude that stapled hemor-
rhoidopexy is a safe operation with shorter operative time, 
less postoperative pain, and shorter recovery than exci-
sional hemorhriodectomy,181–183 there are several compli-
cations important to specifically note. Rectal obstruction, 
rectal  perforation, retroperitoneal sepsis, and pelvic sepsis 
have all been documented as a result of stapled hemorrhoid-
opexy.184–188 There is potential for sphincter injury if the 
muscle is incorporated into the stapler. Histologic analysis 
of the resection tissue reveals sphincter muscles fibers.189,190 
The rate of incontinence is not alarming, however, this find-
ing highlights the potential for injury. In addition, rectovagi-
nal fistula has been reported.167,191,192 This complication is 
exceedingly rare in excisional hemorrhoidectomy, but is 
a significant concern in PPH. The actual incidence is very 
low, however, the nature of the operation puts women at risk 
due to the demands of precise placement of the purse string 
suture.

The large majority of data confirms that stapled hemor-
rhoidopexy is at least as safe at excisional hemorrhoidectomy, 
with significantly less postoperative pain and faster return to 
normal activities compared to excisional techniques.

Transanal Hemorrhoidal Dearterialization

The newest addition to surgical armamentarium is Doppler-
guided arterial ligation with hemorrhoidopexy. In 1995, 
Morinaga et al.193 described a novel surgical treatment 
for hemorrhoids  [Hemorrhoidal Artery Ligation (HAL)].  
The  specific techniques and commercially available instru-
mentation have evolved since that time, but the principle 
remains. The HAL is a nonexcisional operative technique 
that employs Doppler-guided ligation of the arterial inflow 

to the hemorrhoids. Some years later, suture rectopexy was 
added to the ligation.

This combined technique was introduced into the USA in 
2008. There are currently two available products in the USA: 
transanal hemorrhoidal dearterialization (THD; America, 
Ankeny IA) and hemorrhoidal artery ligation and recto anal 
repair (HAL/RAR; A.M.I. Inc, Natck MA).

This nonexcisional technique relies upon detection of the 
hemorrhoidal arterial inflow by Doppler-guided identifi-
cation and ligation of the branches of the superior hemor-
rhoidal arteries.193 This reduced inflow facilitates reduction 
in size of the hemorrhoids. Suturing is well proximal to the 
dentate line, so as to avoid the highly sensitive anoderm. The 
suture hemorrhoidopexy addresses the redundant and pro-
lapsing mucosal and internal hemorrhoid.

The procedure is performed in the operating room and 
requires anesthesia as a hemorrhoidectomy. A special-
ized anoscope is inserted into the anal canal (Figure 11-13). 
The anoscope contains within it a removable Doppler ultra-
sound probe. The anoscope is axially rotated until one of the 
feeding arteries is precisely identified. At this point, the artery 
is ligated. A slot in the anoscope that allows for placement 
of a suture immediately proximal to the ultrasound probe.  
A “figure of eight” suture ligation of the artery is performed. 
The adequacy of the ligation may be immediately confirmed 
by assessing the change in Doppler signal. The anoscope is 
then rotated axially so as to identify the next artery. Most often, 
4–6 arteries are identified and ligated, but this varies depend-
ing upon each patient’s unique anatomy. Once the ligation is 
completed, a hemorrhoidopexy or mucopexy is performed. 
This may be accomplished immediately following the arterial 

Figure 11-13. Specialized anoscope for the transanal hemorrhoidal 
dearterialization (AMI Surgical).
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ligation, using the same suture, or each of the ligations may 
be performed first, followed by the mucopexies. Although the 
same specialized anoscope is used, the Doppler feature is not 
important for this part of the operation. The suture is anchored 
at the apex of the internal hemorrhoid, and a running suture is 
then performed from proximal toward distal. With each suc-
cessive purchase, tension is applied to the suture so as to pro-
gressively draw more of the hemorrhoid and redundant into 
the anoscope, and thus become incorporated into the running 
suture. This suture line is terminated proximal to the dentate 
line, so as to minimize pain. The distal tail of the suture is then 
tied to the proximal tail, which lifts the hemorrhoid and fixes 
it high within the anal canal. This hemorrhoidopexy may be 
repeated in association with each artery ligation, or only at 
locations of redundant and/or prolapsing mucosa. Typically, 
the procedure is performed 2–4 times.

The operation requires a relatively short operative time. It 
purports to accomplish the same goals as stapled hemorrhoid-
opexy in that it devascularizes the hemorrhoids by ligation 
of the arterial inflow and also creates a hemorrhoidopexy by 
securing the redundant mucosa high within the anal canal. 
The benefits of this operation are similar to PPH in that the 
sutures are proximal to the dentate line, offering patients 
reduced postoperative pain compared to excisional tech-
niques. This does, however, represent an operative procedure, 
which includes the anesthesia risks, operating room expense, 
and usual surgical risks of bleeding, infection, urinary reten-
tion, and postoperative pain.

The specialized anoscope and Doppler ultrasound probe 
are disposable; therefore, add a significant cost when com-
pared with excisional hemorrhoidectomy, but less expensive 
than a stapled procedure.

Long-term data are lacking, but these procedures are gain-
ing in popularity, and therefore future cost–benefit analyses 
and long-term follow-up on durability of the repair and need 
for future treatments are anticipated.

A retrospective review of 330 patients with grades II and 
III hemorrhoids reported a 7% complication rate. The mean 
postoperative pain score was 1.32. A total of 219 patients 
were followed for a mean 43 months; of these 93% expe-
rienced complete resolution of symptoms.194 There are a 
 variety of additional publications documenting the safety of 
this technique.195–203

In order to better understand the limited available data, 
Giordano et al.203 performed a systematic review. Seventeen 
trials were analyzed, but only one was a RCT, which included 
1996 patients. A combination of instruments were used 
[HAL-Doppler instrument, KM-25 device (VaiDan Medical 
Corp), KM025 Moricorn (Hayashi Denki Co), and the THD 
Instrument]. The number of arteries ligated were 4–6 in 
most patients. Early postoperative results were: pain on day 
1 in 19%, residual prolapse in 13%, bleeding in 4%, and uri-
nary retention in 0.7%. Normal activities resumed 2–3 days 
postoperative. Twenty-seven percent required a second THD 
for persistence prolapse. At 1 year, prolapsed was reported 

in 11%, bleeding in 10%, and pain in 9%. The addition of 
mucosopexy alone reduced recurrence to 11%.194

TDH is safe and effective for grades II and III hemor-
rhoids with reduced pain and short recovery, but quality and 
quantity of data is very limited at this time. It offers surgeons 
and patients another reliable option.

External Hemorrhoids

Due to the fact that external hemorrhoids are distal to the 
dentate line, and therefore innervated by somatic nerves, 
office-based procedures are generally not applicable. Patients 
requiring specific treatment of the external hemorrhoids are 
usually treated in two settings, either elective hemorrhoidec-
tomy or the treatment of thrombosed external hemorrhoids.

Acute Thrombosis of External Hemorrhoid

Patients with acute thrombosis will complain of acute onset 
of severe anal pain. This may be precipitated by an episode 
of constipation, diarrhea, excessive straining (weightlifting), 
coughing (COPD exacerbation), or there may not be any pre-
cipitating features at all. A firm or hard lump at the anus 
typically accompanies the pain. The pain rapidly progresses, 
and the peak of the pain cycle will occur at approximately 
48 h and then diminishes by the fourth day. The skin over-
lying the thrombus may succumb to pressure necrosis and 
ulcerate. The thrombus will necessitate at this time, resulting 
in evacuation of thrombus or liquefied hematoma. This may 
provide relief as a result of the decrease in pressure.

Management of this clinical scenario is directed at pain con-
trol. For this reason, the timing of the presentation is critical. 
If the patient presents in the first 3 or 4 days since the onset 
of pain, and pain is severe, then excision of the thrombus is 
warranted. It should be emphasized that this decision is made 
based not only on timing, but also pain intensity. Some patients 
may have a large thrombus that does not cause significant 
pain. This may be safely treated with medical management. 
Conversely, a small thrombus causing severe pain should sway 
the surgeon toward operative management (Figure 11-14).

The operative treatment of a thrombosed external hem-
orrhoid is excision of the thrombus. This procedure can be 
safely performed in the office setting or the operating room. 
Local anesthesia, a mixture of 0.5% lidocaine and 0.25% 
bupivicaine with 1:200,000 epinephrine, should be infil-
trated to create a field block at the level of the thrombosed 
external hemorrhoid. The skin overlying the thrombus is then 
incised in an elliptical fashion. The entirety of the thrombus 
should be removed. Bleeding can be controlled with pres-
sure, ferric subsulfate (Monsel’s solution), silver nitrate, or 
topical hemostatic agents such as thrombin or epinephrine 
soaked gauze. The skin edges may be left open to maximize 
drainage of residual thrombus and prevent new thrombus 
from  creating pressure. Alternatively, the skin edges may 
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be sutured closed. Closure provides additional hemostasis 
and leaves a cosmetically improved wound. After excision, 
patients should be offered analgesics, and instructed to take 
frequent sitz baths, and placed on a bowel regimen of bulk-
forming agents (psyllium) and a stool softener or lubricant 
(mineral oil).

If the patient presents in a delayed fashion (>4 days) or has 
minimal pain, then nonoperative management is appropriate. 
This includes fiber, a stool softener, analgesics, and sitz baths. 
Anoscopy should be deferred until pain is controlled, but the 
anus and rectum should be evaluated at some point. The rea-
son for avoiding excision of thrombus at that time is that the 
procedure is likely to cause as much discomfort as the patient 
is already experiencing. The injection of local anesthetic does 
in fact cause some pain. Therefore, the clinician and patient 
must decide together which option to choose.

Special Clinical Scenarios

Strangulated Hemorrhoids

Strangulated hemorrhoids are prolapsed internal hemor-
rhoids that become incarcerated. Patients will present with 
a history of prolapsing hemorrhoids that became acutely 
painful and may also experience urinary retention. Physi-
cal examination will reveal bulky external hemorrhoids with 
significant thrombosis and edema. The internal hemorrhoids 
will be prolapsed, incarcerated, and edematous. The patient 
will be exquisitely tender and cannot tolerate anoscopy. 
Depending on the time course, ulceration, necrosis, and gan-
grene may occur.

Such patients must be urgently treated with excisional hem-
orrhoidectomy in the operating room. Incisions or excision of 
thrombus alone is not appropriate for this clinical scenario. 
A Ferguson or Milligan–Morgan technique can be used, 

depending on surgeon preference; however, if  devitalized 
 tissue and/or abscess are present, then wounds should be left 
open to prevent postoperative abscess. This operation is gen-
erally safe if all devitalized tissue is debrided.155 Other than 
hemorrhoidectomy, or if the operating room is not available, 
then anther treatment option is to infiltrate a local perianal 
block, gently reducing internal hemorrhoids, placing mul-
tiple RBLs, and performing thrombectomies on the exter-
nal hemorrhoids. Patients will not typically require future 
hemorrhoidectomy.204 Patients must be highly motivated for 
this technique. A randomized trial suggested both excisional 
hemorrhoidectomy and this technique were safe options.

Hemorrhoids, Varices, and Portal Hypertension

It should be made clear that rectal varices are a distinct entity 
from hemorrhoids although often confused. Internal hemor-
rhoids drain into the middle rectal veins, subsequently the 
iliac veins and finally the systemic circulation. External hem-
orrhoids drain into the inferior rectal veins, the internal lilac 
veins, and the systemic circulation. Rectal varices are a dis-
tinct anatomic structure, which provide collateral circulation 
from the portal system into the systemic venous system.205 This 
collateral circulation would seem to exacerbate hemorrhoid 
symptoms in patients with portal hypertension; however, the 
incidence of hemorrhoid symptoms is similar in this population 
to the general populations.206–208 Rectal varies are very common 
in patients with portal hypertension (59 and 78%).207,209 For-
tunately, in contrast to esophageal varices, these varies rarely 
bleed.210 Treatment of bleeding from rectal varices in this setting 
ranges widely from medical management of portal pressures, 
sclerotherapy,205,211 to suture ligation,211 stapled anopexy,212 all 
the way to TIPS and portosystemic shunts.213–216

Hemorrhoids in Pregnancy

Hemorrhoids are not uncommon during pregnancy, likely 
due to increased circulating blood volume, impaired venous 
return, straining secondary to constipation, and the prolonged 
staring associated with labor. While pregnant, most women 
can be satisfactorily treated with conventional medical and 
behavioral treatments. If hemorrhoids become severe, or 
intensify during labor, the large majority will spontaneously 
resolve in the postpartum period. Like many surgical thera-
pies, operative therapy for pregnancy would be reserved only 
for severe cases including strangulated hemorrhoids and 
acute external thrombosis. Operations under local anesthesia 
while in the left lateral position are preferred. Fortunately, 
only 0.2% of pregnancy women require emergent hemor-
rhoidectomy for grave IV hemorrhoids.217

Hemorrhoids and Crohn’s Disease

Patients with Crohn’s disease may be prone to hemorrhoid 
symptoms, likely related to exacerbations with diarrhea. 

Figure 11-14. Thrombosed hemorrhoid management. Timing of 
excision of a thrombosed external hemorrhoid.
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Hemorrhoids per say are not part of the anorectal Crohn’s 
picture, but are common, perhaps due to engorgement related 
to local inflammation. As with other anorectal pathologies 
such as fissure, skins tags, etc., caution should be exercised 
with Crohn’s patients. Prolonged wound healing and ulcer-
ation should be considered when discussing surgical options 
for hemorrhoids. If anorectal disease is well controlled,  
and there is little active inflammation, then Crohn’s disease 
is not an absolute contraindication to operative therapy.  
Jeffery et al.218 documented a very high complication rate 
for patients treated for hemorrhoids, with 30% subsequently 
requiring proctectomy. This was however prior to many of 
the currently available medical therapies for Crohn’s disease. 
More recently, Wolkomir and Luchtefeld219 document nearly 
90% healing rate in selected patients in whom ileocolic dis-
ease was well managed. These results are encouraging for 
patients in whom hemorrhoidectomy is necessary. How-
ever, extreme caution should be exercise in all patient with 
Crohn’s disease.

Hemorrhoids and the  
Immunocompromised Patient

As the incidence of immunocompromised patients increases 
due to the long survival of HIV patients, the number of 
patients treated with immunosuppressants, steroids, and 
chemotherapy grows, the issues of anorectal surgery in 
this population become more significant. Commonly, this 
population has many difficulties healing anorectal surgical 
wounds and is at increased risk for infectious complica-
tions. Similar to Crohn’s disease, great caution should be 
exercised when considering surgical therapies in this popu-
lation. Neutropenic patients do not suffer a higher rate of 
mortality due to operative therapy.220 Nevertheless, nonop-
erative methods should be exhausted first. Morandi et al.221 
suggested that patients with HIV do suffer a greater degree 
of complications after hemorrhoidectomy.

As a general rule, all patients in these categories should 
have their medical conditions optimized, medical and topical 
therapies exhausted, and hemorrhoidectomy reserved only as 
needed. Patients with thrombocytopenia should likely have 
hemorrhoidectomy to provide most definitive control rather 
than delayed bleeding like in RBL.

Acknowledgment. This chapter was written by Jose R. Citron 
and Herand Abcarian in the first edition of this textbook.
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Anal Fissure
Rocco Ricciardi, Sharon L. Dykes, and Robert D. Madoff

Introduction

An anal fissure, or fissure-in-ano, is a linear or an oval-shaped 
tear distal to the dentate line in the anal canal. Patients afflicted 
with this disorder most commonly complain of severe pain 
with bowel movements as well as bright red blood per rec-
tum. Anal fissures are assumed to be very common although 
it is difficult to estimate disease prevalence since diagnosis 
of anorectal disorders is generally inaccurate. In addition, it 
is likely that a large proportion of patients with anal fissures 
never seek medical care and thus the condition is much more 
prevalent in the general population as compared to what is 
seen in clinical practice. In one survey, 80% of participants 
with symptoms attributed to the anorectum did not consult a 
physician.1

Large case series have provided much of the background 
information regarding fissure epidemiology. Data from these 
studies should be viewed with the understanding that there 
may be particular groups of patients who never seek medi-
cal counsel. Given this information, it appears that anal fis-
sures occur equally in men and women and tend to occur in 
younger age groups with a mean age of 39.9 in one large 
study from Montreal Canada.2 In almost 75% of cases, fis-
sures are identified in the posterior midline but can be seen 
in the anterior midline in up to 25% of affected women and 
8% of affected men.2 An additional 3% of patients have both 
anterior and posterior fissures. When fissures occur in atypi-
cal locations or multiple fissures are identified, the clinician 
should investigate for other potentially complicated disease 
processes, such as Crohn’s disease, trauma, tuberculosis, 
syphilis, HIV/AIDS, or anal carcinoma (Figure 12-1).

Early, or acute, fissures have the appearance of a simple 
tear in the anoderm. When symptoms last longer than 8–12 
weeks, the fissure generally takes on chronic features, dem-
onstrating evidence of edema and fibrosis. Inflammatory 
manifestations of chronic fissures include sentinel piles, or 
skin tags, at the distal fissure margin and a hypertrophied anal 
papilla proximal to the fissure in the anal canal. In addition 

to these changes, fibers of the internal anal sphincter (IAS) 
are often visible at the fissure base with chronicity.

Etiology

There has been considerable debate regarding the etiology of 
anal fissures. Most patients report some element of trauma 
to the anal canal, often after the passage of either hard or 
loose stool. Yet, many patients pass hard bowel movements 
or experience episodes of diarrhea without ever developing 
a fissure; thus, the trauma hypothesis may explain some ele-
ment of cause, but it is not the complete story. The potential 
role of constipation has also been debated, but a history of 
constipation is not universally obtained and as stated, some 
patients report diarrhea prior to the onset of symptoms.

It is likely that many patients develop fissures but most 
heal within a very short period. However, others develop 
fissure persistence which is associated with increased rest-
ing anal pressure – an observation first reported in the mid-
1970s.3,4 Physiologic studies using ambulatory manometry 
have confirmed the presence of sustained resting hypertonia 
in fissure patients.5 Further observational data have delin-
eated an inverse relationship between anal canal pressure 
and perfusion of the anoderm. The ischemia hypothesis was 
initially proposed as an instigator of fissure persistence by 
Gibbons and Read6 in 1986. Later support was provided by 
angiographic studies of the inferior rectal artery in cadavers, 
which demonstrated a paucity of blood vessels in the pos-
terior midline of the anal canal in 85% of those examined.7 
Schouten et al.8 measured anodermal blood flow in healthy 
individuals using Doppler laser flowmetry and found that the 
posterior midline had the lowest perfusion when compared 
to the other quadrants. In addition, there was a significant 
inverse correlation between posterior midline anodermal 
blood flow and maximum resting anal pressure in a large 
cohort of patients that included normal controls as well as fis-
sure patients. Those patients with fissures demonstrated the 
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highest resting anal pressures and the lowest posterior blood 
flow of any group. In addition to these data,  improvement in 
posterior midline blood flow was noted to occur after reduc-
tion of anal pressure with anesthesia. These same authors 
were able to demonstrate normalization of sphincter hyper-
tonia and anodermal blood flow after lateral internal sphinc-
terotomy (LIS) in patients with anal fissures.8

Symptoms

The clinical hallmark of an anal fissure is pain during, and 
particularly after, defecation. In acute fissures, pain may be 
short-lived, but it can last several hours or even all day in the 
presence of a chronic fissure. Patients often describe the pain 
as a sensation of “passing razor blades or glass” from their 
rectum. Understandably, patients with anal fissures describe 
fear of having a bowel movement. In addition, a large subset 
of patients will describe rectal bleeding, which is generally 
limited to minimal bright red blood seen on the toilet tissue.

Diagnosis

Diagnosis is suggested by the characteristic description of 
pain with bowel movements and is generally easily confirmed 
by physical examination. Most fissures are readily identified 
by simply spreading the buttocks with opposing traction 
of the thumbs and a quick look at the anterior or posterior 

midline (Figure 12-2). Although some clinicians use a cotton 
swab to depress the fissure and identify pain with  contact, 
the authors find this approach to be unnecessary. Once the 
presence of a fissure is verified, further attempt to examine 
the anal canal with insertion of a finger or endoscopic instru-
mentation (anoscope, proctoscope or sigmoidoscope) is of 
little value. Since most patients are far too uncomfortable to 
justify such invasive anoscopic evaluation, further investiga-
tion is delayed until after symptoms have resolved.

Fissures are often self-diagnosed as hemorrhoids. Simi-
larly, patients may have seen their primary care provider and 
diagnosed with hemorrhoids. These patients are often trou-
bled by the fact that they have different diagnosis on further 
examination but can be redirected with a simple understand-
ing of the normalcy of hemorrhoids. The practicing clinician 
also should be alert for the potential concomitant presence of 
perianal abscess, anal fistula, inflammatory bowel disease, 
sexually transmitted disease, and anal carcinoma when the 
patient complains of anal pain. In addition, atypical fissures 
such as those occurring off the midline and multiple, pain-
less, and nonhealing fissures, warrant further evaluation 
via examination under anesthesia and possible biopsy and 
cultures.

Management

It is estimated that half of all patients diagnosed with an 
acute fissure will heal with nonoperative measures, such as 
sitz baths and psyllium fiber supplementation, with or with-
out the addition of topical anesthetics or anti-inflammatory 
ointments. In a retrospective review by Shub et al.9 healing 
occurred in 44% of fissure patients using psyllium fiber, 
sitz baths, and emollient suppositories. During a 5-year 
 follow-up period, there were treatment failures or recurrences 

Figure 12-2. Examination revealing an anal fissure.

Figure 12-1. The location of anal fissure suggests etiology.
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in 27% of patients initially considered healed. A second 
retrospective review almost 20 years later demonstrated sim-
ilar findings. Hananel and Gordon2 reported initial healing in 
44% and recurrence in 18.6% of their fissure patients with 
bulking agents and sitz baths.

Jensen10 conducted two randomized controlled trials 
examining the effects of unprocessed bran in both initial 
treatment and maintenance therapy of acute fissures. In the 
first study, 103 patients with acute posterior anal fissures 
were randomized to receive either lignocaine ointment, hydro-
cortisone ointment, or sitz baths with unprocessed bran for  
3 weeks. After weeks 1 and 2, patients treated with sitz baths 
and bran were found to have significant evidence of symp-
tomatic relief as compared with the other two groups. By the 
3-week end point, however, there were no differences among 
the three groups. At 1 year, fissure recurrence was 16% in 
patients receiving 15 g of unprocessed bran daily as com-
pared to 60% of patients receiving 7.5 g of bran daily or 68% 
of patients receiving placebo.11

Sphincter Relaxants

Given the theory of increased sphincter tone in patients 
with anal fissure, a number of topical, oral, and injectable 
drugs have been tested with the aim of reducing mean maxi-
mum resting anal pressure. Preparations include (1) various 
nitrate formulations such as nitroglycerin ointment (NTG), 
glyceryl trinitrate (GTN), and isosorbide dinitrate; (2) oral 
and topical calcium channel blockers, including nifedipine 
and diltiazem (DTZ); (3) adrenergic antagonists; (4) topical 
muscarinic agonists, i.e., bethanechol; (5) phosphodiesterase 
inhibitors; and (6) botulinum toxin. Given the vast number 
of agents available, the reader might assume that none of 
the agents are “ideal.” As suggested, the comparative data 
in this area are quite controversial as one recent review con-
cluded “first-line use of medical therapy cures most chronic 
fissures cheaply and conveniently,”12 while a second review 
concluded that “medical therapy for chronic anal fissure … 
may be applied with a chance of cure that is only marginally 
better than placebo… [and] far less effective than surgery.”13 
These reviews will be considered in more detail with the 
other published literature in the following paragraphs.

Topical Nitrates

The IAS is a smooth muscle whose tone is affected by both 
intrinsic myogenic properties and extrinsic neural influ-
ences. Nitric oxide is the predominant nonadrenergic, non-
cholinergic neurotransmitter in the IAS. Release of nitric 
oxide results in IAS relaxation, which theoretically improves 
blood flow to the fissure and promotes healing. Exogenous 
nitrates release nitric oxide in vivo and have been used as 
nitric oxide donors to treat patients with anal fissures as well 
as other conditions.

Studies by Loder et al.14 and Guillemot et al.15 demon-
strated decreased resting anal pressure with application of 
0.2% topical GTN. This led to a series of retrospective and 
prospective reports, as well as randomized trials supporting 
the use of various nitrate preparations in the treatment of anal 
fissures (Table 12-1). One early clinical trial by Bacher et al.18 
randomized 35 patients with acute and chronic anal fissures 
to receive either topical 0.2% NTG ointment or 2% lidocaine 
gel for 4 weeks. After 1 month, the healing rate was 80% for 
patients receiving NTG, which was significantly higher than 
the 40% healing rate reported for patients receiving topical 
lidocaine. Manometric data on the 28th day of treatment also 
revealed a decrease in overall maximum resting anal pressure 
from a mean of 110 to 87 cm H

2
O in the NTG group but not 

in patients receiving lidocaine ointment. The authors postu-
lated that the persistence and recurrence of chronic fissures 
was due to lack of sphincter tone reduction.18

Subsequent randomized placebo-controlled trials have 
attempted to determine whether higher doses of NTG oint-
ment promote healing and lessen recurrence in chronic anal 
fissures. Carapeti et al.20 found no difference in chronic 
fissure healing between patients randomized to receive an 
8-week treatment of either 0.2% topical GTN three times 
daily or 0.2% GTN titrated in 0.1% increments to a maxi-
mum of 0.6%. The authors found that by escalating GTN 
dose, healing was not accelerated. Thus, 67% of patients 
treated with either dose of GTN preparation healed as 
compared to 32% of placebo patients. Bailey et al.27 and 
Scholefield et al.28 reported similar findings when patients 
with chronic anal fissures were either randomized to receive 
placebo, 0.1%, 0.2%, or 0.4% GTN ointment twice or three 
times daily. In both studies, there were no significant differ-
ences in fissure healing among treatment groups as healing 
occurred in approximately 50% of all patients.

Additional randomized placebo-controlled trials have 
demonstrated comparable healing rates of 46–70% in 
patients with chronic anal fissures after application of 
0.2% GTN ointment two to three times daily for 4–8 weeks 
(Table 12-1). Supportive data demonstrate statistically sig-
nificant decreases in pain scores and maximal anal resting 
pressures in patients treated with GTN as compared to pla-
cebo. However, in a study by Altomare et al.21, 132 patients 
with chronic fissures were randomized to receive 0.2% topi-
cal GTN or placebo for 4 weeks. He confirmed the effects of 
GTN on anodermal blood flow and sphincter pressure, but 
unlike similarly designed trials, they demonstrated no signif-
icant difference in healing rates between GTN and placebo 
(49.2% vs. 51.7%).

A series of randomized trials have also sought to com-
pare 0.2% GTN with surgery, i.e., LIS. While initial heal-
ing rates during 4–8-week evaluation periods were similar 
to those in placebo-based trials (and up to 83.3% in a study 
by Oettle et al.),17 healing rates were far superior for LIS 
(91.7–100%). In one clinical trial, Evans et al. demonstrated 
healing in 60.6% of patients treated with GTN as compared 
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to 97% of patients treated with sphincterotomy.24 In addition, 
of the 33 patients initially treated with GTN, 12 eventually 
underwent sphincterotomy for persistent fissures. Despite 
early healing with GTN, 50% of those whose fissures healed 
with GTN treatment developed recurrences.24 Similarly, in a 
randomized, controlled trial by the Canadian Colorectal Sur-
gical Trials Group of LIS compared to topical NTG, 89.5% 
of patients in the LIS group compared to 29.5% in the NTG 
group had complete healing of fissures.23 In addition, side 
effects were observed more frequently in patients treated 
with NTG (84%) compared to LIS (28.9%).23 Follow-up was 
performed 6 years later and revealed a more durable treat-
ment result for LIS-treated patients as compared to patients 
treated with topical nitroglycerin therapy.30

Other randomized, controlled trials drew different conclu-
sion following GTN treatment. Libertiny et al.26 randomized 
70 patients with chronic anal fissure to receive 0.2% GTN 
or LIS. Only 16 of 35 patients initially treated with GTN 
healed without recurrence during a 24-month follow-up, in 
contrast to operative cure in 34 of 35 patients treated with 
LIS. Despite the superiority in healing for LIS patients, the 
authors concluded that chemical sphincterotomy with GTN 

should be the initial treatment in patients with chronic anal 
fissure and LIS should be reserved for treatment failures.26 
Zuberi et al.22 similarly concluded that GTN ointment and 
NTG patch were effective treatment options in patients with 
anal fissures. In their prospective trial of 42 patients, healing 
rates were 66.7% in patients receiving 0.2% GTN, 63.2% 
for those receiving a 10-mg NTG patch applied at a distance 
from the fissure, and 91.7% in patients who underwent LIS. 
Their findings support the use of GTN as a first-line agent in 
chronic anal fissures, as the difference in healing rates was 
not statistically significant between groups.22

In addition to GTN and NTG, other nitrate preparations 
have also been used to treat anal fissures. A prospective, 
uncontrolled study by Schouten et al.31 demonstrated reduc-
tion in anal pressure and improvement in anodermal blood 
flow in patients with chronic anal fissures treated with iso-
sorbide dintirate. Topical use of isosorbide dintirate led to 
fissure healing in 88% after 12 weeks. Two randomized, 
placebo-controlled trials confirmed these findings.32,33 In a 
study by Were et al.32, healing was noted in 85% of patients 
with chronic anal fissure treated with isosorbide dintirate 
for 5 weeks as compared to 35% of patients who received 

Table 12-1. Randomized trials of nitroglycerine therapy

Year Author n Treatment Follow-up Success (%)

1997 Lund and Scholefield16 80 0.2% GTN bid 
placebo

8 weeks 68
39 b

1997 Oettle17 24 0.2% GTN tid 
LIS

4 weeks 83.3
100 a

1997 Bacher et al.18 35 0.2% GTN 
2% lidocaine

4 weeks 80
40 b

1999 Kennedy et al.19 43 0.2% GTN 
placebo

4 weeks 46
16 b

1999 Carapeti et al.20 70 0.2% GTN tid
0.2% GTN tid (titrated to 0.6%) 

placebo

8 weeks 67

32 b

2000 Altomare et al.21 132 0.2% GTN bid 
placebo

4 weeks 49.2
51.7 a

2000 Zuberi et al.22 42 0.2% GTN
10 mg NTG patch
LIS

8 weeks 66.7
63.2
91.7 a

2000 Richard et al.23 82 0.2% GTN
LIS

6 months 27.2
92.1 b

2001 Evans et al.24 65 0.2% GTN tid
LIS

8 weeks 60.6
97 b

2001 Chaudhuri et al.25 19 0.2% GTN bid 
placebo

6 weeks 70
22.2 b

2002 Libertiny et al.26 70 0.2% GTN
LIS

2 years 45.7
97.1 b

2002 Bailey et al.27 304 0.1%, 0.2%, and 0.4% GTN bid/tid 
placebo

8 weeks 50% across board a

2003 Scholefield et al.28 200 0.1%, 0.2%, and 0.4% GTN bid/tid 
placebo

8 weeks 46.9, 40.4, 54.1 
37.5 a

2005 Mishra et al.29 40 0.2% GTN
LIS

6 weeks 90
85 a

GTN glyceryl trinitrate, NTG nitroglycerin, LIS lateral internal sphincterotomy, bid twice daily, tid three times daily.
a Not statistically significant comparison.
b Statistically significant comparison.
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placebo. Tankova et al.33 subsequently reported fissure 
healing in 80% of patients actively treated with mononitrate. 
In a dose-finding study, Lysy et al.34 found that 2.5 mg of top-
ically applied isosorbide dintirate three times daily resulted 
in a greater reduction in maximum anal resting pressure than 
1.25 mg and excellent fissure healing rates. In a prospective 
randomized trial, isosorbide dinitrate had comparable levels 
of fissure healing as compared to surgical sphincterotomy. 
The authors concluded that isosorbide dinitrate ointment 
must be considered as the first choice of treatment in patients 
with chronic anal fissure.35

Endogenous nitric oxide donors, such as l-arginine, are 
also effective in producing relaxation of the anal sphinc-
ter. Preliminary in vivo studies in rats have demonstrated a 
decline in sphincter pressure with administration of 10 mg 
l-arginine rectally. This effect was reversed with the use 
of l-arginine antagonists.36 In a placebo-controlled trial, 
46% reduction in resting anal pressure was observed 5 min 
after topical application of l-arginine, and maintained for 
2 h.37 In a clinical trial of 15 patients, topical application 
of l-arginine promoted fissure healing without headache in 
62% of patients.38

Despite encouraging results regarding initial healing rates 
with topical nitrates, concerns about long-term outcomes and 
adverse reactions have limited their use. Recurrence rates of 
35% have been documented as well as lack of compliance 
with only 67% completing treatment in one study.39 In a non-
randomized, prospective trial, Graziano et al.40 demonstrated 
a 67% recurrence rate for chronic fissures during a 9-month 
follow-up period while 77% reported headaches. Mild head-
aches were also described by Bacher et al.18 in 20% of patients 
receiving 0.2% topical GTN. Altomare et al.21 reported that 
34% of chronic fissure patients treated with GTN had head-
aches and nearly 6% of patients had orthostatic hypotension. 
Carapeti et al.20 noted headaches in 72% of patients receiving 
GTN vs. 27% of controls receiving placebo.

Calcium Channel Blockers

The effect of nifedipine on the anal sphincter was first 
evaluated by Chrysos et al.41 in a prospective trial in 1996. 
Anorectal manometry was performed on ten patients with 
hemorrhoids and/or anal fissure and ten controls, before 
and 30 min after receiving 20 mg of sublingual nifedipine. 
Anal resting pressure was reduced by almost 30% in both 
groups.41 This study set the stage for further prospective 
clinical trials examining the efficacy of nifedipine and other 
calcium channel blockers in treating anal fissures. In addi-
tion to nifedipine, others have used topical DTZ to treat anal 
fissures.42 In one initial trial of 2% DTZ gel in ten patients, 
67% of fissures healed while no patient reported a headache 
or any other side effect.

Further prospective trials have substantiated the findings 
of these early studies. Knight et al.43 evaluated the effects of 
2% DTZ gel in 71 patients and was able to achieve healing 

in 75%. Side effects were reported in five patients overall: 
four experienced perianal dermatitis and one patient, head-
ache. Agaoglu et al.44 described healing in 60% of patients 
treated with 20 mg oral nifedipine twice daily, while head-
aches were reported in only one patient. Ansaloni et al.45 also 
reported encouraging results regarding efficacy of 6 mg oral 
lacidipine, a calcium channel blocker with long duration of 
action and a particular affinity for blood vessels. Although 
90.4% of treated patients’ fissures had healed at 2 months 
follow-up, 33% of patients had side effects.

Randomized, controlled trials comparing topical nifedipine 
gel with a combination of topical lidocaine and hydrocorti-
sone gels have also demonstrated superiority of nifedipine in 
the treatment of anal fissures. Antropoli et al.46 randomized 
283 patients to either receive 0.2% nifedipine gel every 12 h 
or lidocaine/hydrocortisone gel. Complete healing occurred 
in 95% of patients receiving nifedipine as compared to 50% 
of controls. Perrotti et al.47 similarly randomized 110 patients 
with anal fissure to receive 0.3% nifedipine gel with 1.5% 
lidocaine or a lidocaine/hydrocortisone mixture twice daily. 
In the nifedipine group, 94.5% of patients healed completely 
as compared to 16.4% of controls.

Calcium channel blockers can be administered in either 
oral form or topically to treat anal fissures. Jonas et al.48 per-
formed a randomized, controlled trial to ascertain whether 
different routes of DTZ administration had similar healing 
rates. The authors identified fissure healing in 38% of those 
individuals receiving oral DTZ and 65% of patients on topi-
cal treatment. In addition, oral DTZ caused far more side 
effects while no side effects were identified in those receiv-
ing topical therapy. At this time, the number of patients eval-
uated in trials of oral vs. topical therapy has been too small 
to allow for definitive conclusions.

Although long-term follow-up studies are lacking, sev-
eral randomized controlled trials comparing calcium chan-
nel blockers and nitrates have been performed. Kocher 
et al.49 randomized 61 patients with chronic anal fissures to 
receive 0.2% GTN or 2% DTZ. After 6–8 weeks of treat-
ment, therapeutic efficacy was similar between both groups 
but patients in the GTN group experienced far more side 
effects. Bielecki and Kolodziejczak50 also found equal heal-
ing rates between topical 0.2% GTN and 2% DTZ, as well 
as fewer headaches with 2% DTZ. Yet in another random-
ized trial, side effects of GTN and DTZ were comparable.51 
Ezri and Susmallian52 noted improved healing with nife-
dipine (89%) as compared to GTN (58%) with far more side 
effects in the GTN (40%) group as compared to nifedipine 
(5%) and no differences in recurrence. Given these results, 
many authors have concluded that calcium channel block-
ers should be considered the preferred first-line treatment 
because of fewer side effects as compared to GTN.49,53

Topical calcium channel blockers have also been  compared 
to surgical sphincterotomy. In one randomized trial, no sig-
nificant difference in fissure healing was noted in patients 
treated with topical nifedipine (97%) as compared to LIS 
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(100%).54 More side effects and relapses were identified in 
the nifedipine group, whereas no one in the sphincterotomy 
group relapsed.54 In a similar study from Singapore, less 
convincing results for topical nifedipine were described. Ho 
found improvements in pain relief, patient satisfaction, and 
healing rates in patients randomized to internal sphinctero-
tomy as compared to topical nifedipine.55 In addition, the 
investigators indicated that there were substantial problems 
with compliance in the nifedipine group related to side 
effects and slow healing.55

It has become clear to this author that the use of pharma-
ceutical adjuncts is often based on preferences, but it should 
be remembered that many of the topical preparations are 
only available through compounding pharmacies. For this 
reason, a clinician should become familiar with the pharma-
ceutical resources available prior to becoming dependent on 
one medical treatment or another.

Adrenergic Antagonists

The effect of alpha-1 adrenergic blockade on anal sphinc-
ter pressure has been studied in two prospective trials. Pitt 
et al.56,57 administered 20 mg of indoramin, an alpha-1 
blocker, to seven patients with chronic anal fissure and six 
healthy controls. Reduction in anal pressure was observed 
in both groups: 35.8% in patients with fissure and 39.9% 
in those without. In a placebo-controlled trial, 23 patients 
with chronic anal fissure were randomized to receive 20 mg 
indoramin or placebo twice daily.57 Although a 29.8% reduc-
tion in maximum anal resting pressure was observed 1 h 
after active treatment, healing occurred in only one patient 
(7%), despite 6 weeks of therapy. In the placebo group, 22% 
of patients achieved healing, although no significant change 
in anal pressure was observed, the trial was not completed 
due to lack of efficacy.

Cholinergic Agonists

Carapeti et al.58 documented reduced anal sphincter pres-
sure using bethanechol in a dose-finding study. The authors 
demonstrated a 24% reduction in maximal anal resting 
pressure with a dose of 0.1% of bethanechol. In a subse-
quent study, they reported fissure healing in 9 of 15 patients 
treated with 0.1% bethanechol gel three times daily.42 Max-
imum resting sphincter pressure was significantly lower 
after treatment compared with pretreatment values with no 
side effects.

Phosphodiesterase Inhibitors

Early work by Jones et al.59 has demonstrated an in vitro 
effect of increasing concentrations of various phosphodi-
esterase inhibitors on internal sphincter tone. In a study of 19 
consecutive patients with anal fissures, topical  administration 
of a phosphodiesterase-5 inhibitor (sildenafil) significantly 
reduced anal sphincter pressure in patients with chronic 

anal fissure. The beneficial effect of sildenafil may not have 
derived solely from the nitric oxide donor but rather the 
phosphodiesterase-5 inhibitor. This agent may spark future 
clinical trials in the treatment of anal fissure.60

Botulinum Toxin

Botulinum toxin (BT) is an exotoxin produced by the bac-
terium Clostridium botulinum. When injected locally, BT 
binds to the presynaptic nerve terminal at the neuromus-
cular junction, thereby preventing release of acetylcholine 
and resulting in temporary muscle paralysis. Its mechanism 
of action on the IAS has been extensively studied in animal 
studies. In a series of experiments, Jones et al.61 injected BT 
into porcine anal sphincters, which responded with decreased 
mean anal resting pressure following manometric analyses. 
Strips of sphincter muscle were then isolated and examined 
in vitro. Application of electrical field stimulation and nico-
tinic agonists resulted in increased myogenic tone, which 
was blocked by guanethidine and attenuated by BT injection. 
These findings suggested that the predominant effect of BT 
on the IAS is sympathetic blockade.

BT injections can be given easily, on an outpatient basis, 
and are well tolerated. The commercial availability of BT has 
prompted several prospective trials examining its efficacy 
in the treatment of anal fissure (Table 12-2). One placebo-
controlled trial randomized 30 patients to receive either two 
injections of 20 U BT or saline.62 After 2 months, complete 
healing occurred in 73% of patients receiving BT and 13% 
of patients receiving placebo; no recurrences were observed 
during initial follow-up. In another clinical trial comparing 
BT with lidocaine in the treatment of anal fissure, Colak 
et al.64 demonstrated superiority of BT, with complete fis-
sure epithelialization in 71% of patients in the BT group vs. 
21% in the lidocaine group.

The dosing and injection site for BT has also been exam-
ined in several trials. In a randomized, double-blind trial of 
chronic anal fissure treatment, Siproudhis et al.66 reported 
that a single 20 U injection of BT was not superior to that of 
placebo. In a dose-finding study, Brisinda et al.65 randomized 
150 patients to initial treatment with 20 U BT followed by 
30 U BT for fissure persistence, or initial treatment with 30 U 
BT followed by 50 U BT for persistence. One month after 
BT injections, greater success was noted with higher doses, 
with little increase in complications or side effects, which is 
probably related to the diffusion of the toxin to the external 
sphincter.65 In addition to dosing, injection site has also been 
studied. Injection on each side of the anterior midline lowered 
resting anal pressure to a greater degree and produced an ear-
lier healing scar than compared to BT injection on each side 
of the posterior midline.73 The use of BT injections for GTN 
treatment failures has also been evaluated in prospective tri-
als by Madalinski et al.74 and Lindsey et al.75 Both studies 
concluded that BT injection is an excellent second-line agent 
in the treatment of chronic anal fissures. Given these data, it 
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is the authors practice to inject 20 U of BT on either side of 
the anterior midline in the intersphincteric groove.

The efficacy of a single injection of BT has been directly 
compared to topical agents. In a prospective, randomized 
trial, Brisinda et al.63 directly compared BT injection and 
topical NTG as first-line agents in the treatment of chronic 
anal fissure. BT injections (20 U) were given on each side of 
the IAS and 0.2% NTG ointment was applied twice daily. 
Fissures healed in 96% of the patients in the BT group and 
60% of the patients in the NTG group with more side effects 
in the NTG group.63 A follow-up to this study by the same 
authors revealed similar findings.72 Others have used a single 
dose of 30 U BT and compared it to topical 0.2% NTG twice a 
day and found nitroglycerin ointment to be superior to the 
more expensive and invasive botulinum toxin injections for 
initial healing of chronic fissures.71 De Nardi et al.70 per-
formed a similar analysis but used 20 U BT on either side of 
the anterior midline with dismal healing results for both BT 
and NTG, 40 and 33%, respectively.

There have been several prospective, randomized tri-
als comparing BT to LIS in the treatment of chronic anal 
fissures. Mentes et al.67 reported the results of 61 patients 
receiving a total of 0.3 U/kg BT in two divided doses and 
50 patients who underwent sphincterotomy. By 2 months, 
healing rates were 74% in the BT group and 98% in the LIS 
group. By 12 months, however, fissures recurred in seven 
patients in the BT group leading to an overall healing rate 
of 75% which was significantly lower than the LIS group. 
Anal incontinence, predominantly to flatus, was reported in 

16% of patients in the LIS group while no side effects were 
observed with BT. Similarly, Iswariah et al.69 randomized  
38 patients with anal fissures to either BT or sphincterotomy 
and found significantly higher 2-week pain scores, reopera-
tion rates, and poorer healing in the BT group. In another 
randomized trial, Arroyo et al.68 concluded that surgical 
sphincterotomy should be the first therapeutic approach for 
anal fissure as compared to BT.

Late recurrence rates 42 months after BT treatment of 
chronic anal fissures have been reported in a prospective 
trial by Minguez et al.76 Patients with complete healing at  
6 months after BT were reassessed at 6 month intervals with 
fissure recurrence demonstrated in 41.5% of patients. Strati-
fication by various clinical parameters revealed that higher 
risk of recurrence was associated with anterior location, 
chronicity of disease (longer than 12 months), and multiple 
injections. They comment that lack of recurrences cited in 
earlier reports by Maria et al.62 and Brisinda et al.63 may be 
due to strict exclusion criteria.

Many of the studies of BT therapy for anal fissure have 
focused solely on short-term outcomes such as acute fissure 
healing. However, as stated above, recurrences are likely 
common. Some investigators believe that patients with fis-
sure recurrence after one BT injection may experience some 
improvement in their symptoms with repeated BT injec-
tions. In the study by Maria et al.62, repeated BT injections 
in four patients with recurrent fissures using 25 U of BT led 
to healing in all patients. In addition to high recurrence rates 
with BT, associated complications have been historically 

Table 12-2. Prospective botulinum toxin trials

Year Author n Treatment Follow-up Success (%) Side effects

1998 Maria et al.62  30 BT 20 U (2 doses)
Saline

2 months 73.3
13.3 a

1999 Brisinda et al.63  50 BT 20 U (2 doses)
0.2% NTG

2 months 96
60 a

20% headaches

2002 Colak et al.64  62 BT
Lidocaine

2 months 70.6
21.4 a

2002 Brisinda et al.65 150 BT 20 U, 30 U
BT 30 U, 50 U

2 months 89
96 (NC)

2003 Siproudhis et al.66  44 BT 20 U (1 dose)
Saline

4 weeks 22.7
22.7 b

2003 Mentes et al.67 101 BT 0.3 U/kg
LIS

12 months 75.4
94 a

16% incontinence

2005 Arroyo et al.68  80 BT 25 U
LIS

12 months 45
92.5 a

5% incontinence

2005 Iswariah et al.69  38 BT 20 U (2 doses)
LIS

26 weeks 41
91 a

2006 De Nardi et al.70  30 BT 30 U
0.2% GTN

36 months 40
33.3 b

20% headaches

2006 Fruehauf et al.71  50 BT 30 U
0.2% NTG

2 weeks 24
52 a

48% headaches

2007 Brisinda et al.72 100 0.2% GTN
BT 30 U

2 months 70
92 a

34% headaches
6% incontinence

BT botulinum toxin, U units, LIS lateral internal sphincterotomy, NC no comparison performed.
a Statistically significant comparison.
b Not statistically significant comparison.



210 R. Ricciardi et al.

minimal. Injections of BT have led to perianal hematomas 
in 20% of patients treated by Tilney et al.77 and rare cases 
of perianal thrombosis in a study by Jost et al.78 although 
thrombosis was not reported in a later study by this same 
author.79 Most recently, the US Food and Drug Administra-
tion (FDA) issued a warning regarding a small number of 
adverse reactions to BT injections, including respiratory fail-
ure and death.80 In early communications, the agency indi-
cated that these serious reactions to BT injections may have 
been related to overdosing.80

Operative Treatment

The primary goal in the treatment of a nonhealing anal fissure 
is to decrease abnormally elevated resting anal tone. Opera-
tive procedures, such as manual anal dilatation or internal 
sphincterotomy, have been described as initial modes of 
treatment because they produce permanent reductions in 
maximum resting anal pressures.

Anal Dilatation

Manual dilatation of the anus for anal fissure was first 
reported in 1964.81 A variety of means to enlarge the anal 
canal have been described including the use of four fingers 
and an assortment of dilation instruments. Inconsistencies 
with regard to technique, specifically extent and duration of 
sphincter stretch, have cast some doubt about true success 
rates of dilatation procedures. Yet, reports of anal dilatation 
continue to surface and recommend its use as the “first man-
agement choice in the treatment of anal fissure.”82–85 Given 
the controversy regarding standardization of the technique, 
Sohn et al.86 standardized the anal dilatation procedure with 
either a Parks’ retractor opened to 4.8 cm or a pneumatic 
balloon inflated to 40 mm and found fissure healing in up to 
94%. A more recent study used pneumatic balloon dilatation 
in the management of chronic anal fissure and found this 
technique to be effective and safe without producing endo-
sonographically detectable sphincter damage.87

Despite few studies describing the benefits of anal dilata-
tion on anal fissure, long-term outcomes of anal dilatation 
are rare. Additional widespread criticism of the technique 
stems from reported complications of incontinence, second-
ary to diffuse sphincter damage. In a retrospective analysis 
of anal dilatation for anal fissure by MacDonald et al.,84 
not only was dilatation unsuccessful in 56% of patients but 
incontinence occurred in 27% of patients overall. Speak-
man et al.88 performed endoanal ultrasound and anorec-
tal physiology studies on 12 men with fecal incontinence 
after anal dilatation and found internal and external anal 
sphincter defects in 11 and 3 patients, respectively. Sphinc-
ter defects after anal dilatation were also recognized by 
Nielsen et al.89, who reported minor incontinence in 12.5% 
of patients overall.

Comparisons between sphincterotomy and medical mea-
sures, combined with anal dilatation, have also been reported. 
In one retrospective review, questionnaires were sent to 160 
patients who underwent either anal dilatation or LIS. Fewer 
fissure recurrences or reports of incontinence were reported 
in patients treated by sphincterotomy.90 Other prospective, 
randomized trials did not support these findings.91–94 In 
some studies, recurrence and incontinence rates were equal 
between groups91,93,94; in another, significantly worse after 
LIS.92 Four months after randomization in a trial by Marby 
et al.92, symptomatic improvement was reported in 93% after 
dilatation vs. 78% after sphincterotomy. During the same 
time period, recurrence rates were 10% after dilatation and 
29% following sphincterotomy. Most recently, randomized 
trials have demonstrated superior functional results, in terms 
of incontinence, after LIS.95 While recurrence rates were 
3.5–10% up to 1 year after LIS, higher rates of 26–30% were 
observed after anal dilatation.93,96 Although anal dilatation 
is still performed by some centers, clinical practices across 
North America no longer commonly use this technique as a 
primary treatment for anal fissure.

Fissurectomy

Excision of the fissure with or without sphincterotomy has 
been proposed as a good therapeutic approach to anal fis-
sure. Given that the etiology of anal fissures is thought to be 
secondary to inadequate blood flow and spasm, one would 
venture to guess that this approach is unlikely to be useful. 
In one clinical trial by Mousavi et al.97, fissurectomy was 
considered inferior to LIS, which was associated with fewer 
complications.

Lateral Internal Sphincterotomy

The American Society of Colon and Rectal Surgeons 
(ASCRS) practice parameters for the management of anal 
fissures recommends LIS as the surgical treatment of choice 
for refractory anal fissures.98 Internal sphincterotomy was 
first introduced by Eisenhammer99 in the early 1950s, but his 
initial approach through the bed of the fissure in the posterior 
midline often resulted in a scarred groove, or “keyhole defor-
mity.” The functional impairment which evolved included 
gas and/or stool incontinence. Subsequently, LIS emerged 
as an alternative and was believed to be associated with less 
functional impairment.100

LIS can be performed with an open or closed technique 
(Figures 12-3 and 12-4). The open technique is performed 
with a small incision over the intersphincteric groove and 
direct division of the internal sphincter with electrocautery 
or other instrument. The closed technique is performed by 
placing a small scalpel such as a beaver blade into the inter-
sphincteric groove and carefully dividing the internal sphinc-
ter. Although the blade can be placed into the submucosal 
space and then rotated toward the internal sphincter, most 
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find that placing the knife in the intersphincteric groove pref-
erable. Several retrospective studies support the use of LIS as 
the preferred operative method for the treatment of anal fis-
sures, whether open or closed (Table 12-3).101,104,107,110,115,117,121 
Although there was no significant difference in acute com-
plications in one randomized study of open vs. closed LIS, 
long-term persistent complications were more frequent in the 

open (55%) than the closed (20%) sphincterotomy group.109 
Similarly, the degree of continence following open vs. closed 
sphincterotomy was assessed by questionnaire and favored 
closed LIS.116

Persistent incontinence to gas and stool has emerged as a 
major concern following sphincterotomy. Incontinence rates 
of up to 36% have been reported, but these vary widely among 
studies.109,111,112,116,119 Much of this variation can be attributed 
to differences in definition and assiduousness of follow-up. 
Reasons for incontinence after LIS have been related to the 
type and extent of sphincter muscle divided. Sultan et al.122 
prospectively performed endoanal ultrasonography prior 
to and 2 months after sphincterotomy in 15 patients. The 
authors found more complete sphincter deficits in women 
than men due to the lack of appreciation for shorter anal 
canals in this population and suggested that post sphinctero-
tomy incontinence may be further lessened if external anal 
sphincter deficits are recognized preoperatively.

Littlejohn and Newstead118 reported a retrospective review 
of 287 patients who underwent tailored sphincterotomy, divi-
sion of the IAS for the length of the fissure, rather than to 
the dentate line. There were no reports of incontinence to 
liquid or solid stool in either group. In another study that 
sought to identify fecal incontinence related to chronic anal 
fissure before and after LIS and its relationship to the extent 
of IAS division, Elsebae123 concluded that a mild degree of 
fecal incontinence may be related to the underlying pathology 
rather than the sphincterotomy. In addition, troublesome 
fecal incontinence after LIS is uncommon but much 
more common when sphincterotomy is performed up to 
the dentate line rather than up to the fissure apex. It is the 
authors’ practice to limit the extent of sphincterotomy to 
include solely the length of the fissure.

In addition to the length of the sphincterotomy, other tech-
nical issues should be considered. Excision of hypertrophied 
anal papillae and fibrous anal polyps has been advocated by 
Gupta and Kalaskar.124 In a randomized trial, patient satis-
faction was rated as excellent or good after removal of these 
structures in 84% of patients, compared to 58% of patients 
whose papillae were left in vivo. In a separate prospective 
study, earlier wound healing rates were achieved with pri-
mary closure after open LIS as compared to healing by sec-
ondary intention.125 Last, in patients who return with fissure 
recurrence after sphincterotomy, it should be understood 
that improper division of the IAS significantly alters fissure 
 healing. In a study by Farouk et al.126, ultrasound evaluations 
performed in patients with persistent fissures after sphinc-
terotomy demonstrated a lack of internal sphincter division 
in almost 70% of patients.

Advancement Flaps

Endorectal advancement flaps have also been employed in the 
treatment of anal fissure. One prospective trial randomized 
patients with anal fissure to either LIS or advancement flap 

Figure 12-3. Open lateral internal sphincterotomy. A Radial skin 
incision distal to the dentate line exposing the intersphincteric 
groove. B Elevation and division of the internal sphincter. C Pri-
mary wound closure.

Figure 12-4. Closed lateral internal sphincterotomy. A Location 
of the intersphincteric groove. B Insertion of the knife blade in the 
intersphincteric plane. C Lateral to medial division of the internal 
anal sphincter (inset: medial to lateral division of the muscle).
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and found no significant difference in healing rates (100% 
in the sphincterotomy group vs. 85% in the flap group).113 
Incontinence was not observed in either group. The authors 
concluded that anal advancement flap is an alternative to LIS 
for chronic anal fissure. The advancement flap procedure may 
be particularly useful in those patients with low-pressure fis-
sures but more data is needed before it can be recommended 
in the patient with traditional spasm-related anal fissure.

Summary of Treatment Options

Treatment options for anal fissures are varied and unfor-
tunately the data presented above are difficult to summa-
rize into a cogent management algorithm. In addition to 
clinical experience, the clinician can utilize the findings of 
systematic reviews in making decisions regarding care. In 
the most recent systematic review of medical options and 
surgical sphincterotomy, Nelson127 found that GTN was 
significantly better than placebo in healing anal fissures 
but late recurrences were common. Botulinum toxin and 
calcium channel blockers were equivalent to GTN in effi-
cacy with fewer adverse events. Nelson127 concluded that 

no medical therapy came close to the efficacy of surgical 
sphincterotomy, although a low risk of incontinence must 
be considered with surgery. Nelson128 also reviewed the 
results for all surgical procedures used to treat anal fis-
sures and concluded that anal stretch and posterior midline 
internal sphincterotomy should probably be abandoned, 
while open and closed partial LIS appear to be equally 
efficacious. Given these data, it is our practice to step up 
treatment from topical agents to injectables or surgical 
sphincterotomy depending on the patients’ potential risk 
for future incontinence. In women who have had children 
or are planning on having children, it is the authors’ prefer-
ence to maximize nonsurgical options prior to resorting to 

surgical sphincterotomy.

Atypical Fissures

The majority of anal fissures have classic signs and symp-
toms and respond well to LIS. However, there are groups 
of patients who have fissures identified at the time of ano-
rectal examination for rectal bleeding but deny pain or 
complain of incontinence yet have obvious signs of anal 

Table 12-3. Results of lateral internal sphincterotomy

Year Author n Success (%) Recurrence (%) Incontinence (%) a Follow-up (months)

1980 Abcarian101 150 100  1.3  0 NS
1981 Keighley et al.102 71 100 25  2 12
1982 Ravikumar et al.103 60  97  0  5 24
1984 Hsu and MacKeigan104 89 100  5.6  0 NS
1984 Jensen et al.96 30 100  3  0 18
1985 Walker et al.105 306 100  0 15 52
1987 Gingold106 86 100  3.5  0 24
1987 Weaver et al.91 39  93  5.1  2.5 17
1988 Lewis et al.107 350  94  6  6 37
1988 Zinkin108 151  94.7 NS NS  0
1989 Khubchandani and Reed109 717  97.7 NS 35.1 52.9
1992 Kortbeek et al.110 112  95.5 NS NS  1.5
1994 Pernikoff et al.111 500  99  2 16 78
1994 Romano et al.112 44 100  0  9  8
1995 Leong and Seow-Choen113 20 100 NS  0  6.5
1995 Prohm and Bonner114 177  96  3.3  1.6  1.5
1995 Usatoff and Polglase115 98  90 20 18 41
1996 Garcia-Aguilar et al.116 864  96 11 37.8 63.5
1997 Hananel and Gordon117 312  98.6  1.4b – NS
1997 Littlejohn and Newstead118 352  99.7  1.4  1.4  9
1999 Nyam and Pemberton119 585  96  8 15 72
2004 Wiley et al.120 76  96 NS  6.8 12
2004 Parellada35 27 100 NS 15  2.5
2005 Arroyo et al.68 40  92.5 NS  5 36
2005 Iswariah et al.69 21  91 NS NS  6
2007 Brown et al.30 24 NS  0 NS 79

NS not stated.
a Includes seepage and incontinence to flatus and stool.
b Recurrence and persistence combined.
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fissure. Incontinent patients with evidence of anal fissure 
are generally identified as having low-pressure fissures and 
they are often postpartum.129 In a prospective study of 209 
primigravid women who underwent anal manometry both 
pre and postpartum, 9% went on to develop fissures after 
birth.130 Interestingly, in those patients who developed fis-
sures, manometric measurements were similar both before 
and after birth. The authors concluded that, “surgical interfer-
ence with the anal sphincter mechanism should be avoided,” 
in patients with low-pressure fissures.130

It remains unclear as to optimal therapy for low-pressure 
fissures. A trial of conservative management should be initi-
ated. If unsuccessful, some have advocated the advancement 
of healthy tissue over the fissure in the form of an island flap 
or a sliding endoanal advancement flap. In one study, island 
flaps were advanced into the anal canal leading to fissure 
healing in all patients and no postoperative incontinence.131 
The authors concluded that island advancement flaps may 
prove particularly useful for low-pressure fissures or in those 
patients who may be poor candidates for sphincterotomy. In 
addition, there are advocates of silver nitrate application to 
the low-pressure fissure bed, but little evidence exists to sub-
stantiate this approach.

Crohn’s Disease

Patients with Crohn’s disease often present with anorectal 
manifestations of their disease including asymptomatic or 
bleeding, deep, anal fissures among other disease pathology. 
Anal fissures complicating Crohn’s most commonly follow 
the same pathophysiology of benign idiopathic fissures, but 
persistent nonhealing fissures can evolve into fistulae or 
perianal abscess.132 Findings of multiple fissures, nonhealing 
fissures, and asymptomatic fissures should raise the index of 
suspicion for Crohn’s disease. Large edematous and tender 
skin tags are also very common in Crohn’s disease. In those 
patients in whom Crohn’s disease is suspected based on ano-
rectal examination, thorough evaluation with endoscopy and 
imaging is recommended.

In a review of 306 patients with Crohn’s disease, anal 
pathology leading to symptoms was identified in 42.4% 
of patients.133 The commonest presentations were perianal 
abscess (29.5%), anal fissure (27.6%), and low anal fistula 
(26.7%).133 In another analysis of Crohn’s patients treated 
surgically for perianal complaints, 31.8% had evidence of 
anal fissure.134 In a study from the Lahey Clinic, 84% of 
patients with Crohn’s fissures were found to be symptomatic 
while one-third had multiple fissures.132 This series docu-
mented that unhealed fissures frequently progress to more 
ominous anal pathology, yet this finding may be related to 
more virulent disease in this patient population.132

As indicated, anorectal surgery has traditionally been 
contraindicated in patients with Crohn’s disease. Concerns 
of postoperative incontinence, nonhealing wounds, and 

eventual proctectomy led many to avoid surgery in patients 
with Crohn’s disease. Thus, most clinicians have advocated 
medical management of Crohn’s fissures with a focus on 
reducing diarrhea, bulking the stool, and comfort measures. 
This regimen led to healing in 61% of patients treated medi-
cally for Crohn’s fissures.135 However, if medical manage-
ment fails, an exam under anesthesia is indicated to rule out 
the presence of other pathology. Although, data to support 
the use of BT for Crohn’s fissures is not available, the authors 
have had limited success with this approach.

Surgical outcomes following sphincterotomy for Crohn’s 
fissures are limited to case series. Surgery for Crohn’s fis-
sures was successful in a small study published by Wolkomir 
et al.136 as very few patients went on to require proctectomy. 
At the Lahey Clinic, patients with Crohn’s fissures were 
more likely to report successful healing after partial internal 
sphincterotomy as compared to medical treatment.132 Oth-
ers have reported limited success with anal dilatation for 
Crohn’s fissures,82 while Allan and Keighley137 reported the 
development of incontinence in one patient treated with dila-
tation. The authors’ approach in the patient with a Crohn’s 
fissure has been to try to control the underlying disease with 
medical management prior to resorting to permanent surgi-
cal therapy with LIS.

Human Immunodeficiency Virus

The patient with HIV and anorectal pain often presents 
with challenging pathology leading to a long differential 
diagnosis. However, the presence of severe pain should alert 
the  clinician to the potential for fissures or ulcers of the anal 
canal. Often these findings are mistakenly interchanged, 
but it is important to understand the distinction between HIV-
associated fissures as compared to ulcerating diseases of the 
anus. Classic anal fissures are common in the HIV patient as 
in non-HIV patients and are readily identifiable by the typi-
cal fissure appearance. Conversely, anorectal ulcers in the 
HIV patient are deep and boring with a broad base which 
may be located anywhere in the anus.138,139 Patients with HIV 
and classic fissures can be treated with the same modalities 
that are used in non-HIV patients. In fact, early case reports 
of wound complications and incontinence after surgical 
sphincterotomy for fissures likely included a heterogeneous 
patient population that included patients with HIV-associ-
ated anorectal ulcers.139 In one case series of HIV-associated 
anal fissures, symptomatic improvement was noted in 92% 
of patients treated with surgical sphincterotomy.138 In addi-
tion, although theoretically safe, there is little data regard-
ing the risks and benefits of BT on HIV-associated fissures. 
The introduction of highly active antiretroviral therapy has 
led some to speculate that the prevalence and distribution of 
HIV-associated anorectal pathology has changed consider-
ably; however, this theory was not proven in a review at the 
University of Southern California HIV clinic.140
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Conclusions

The astute clinician can often make the diagnosis of anal 
fissure based on a simple history and classic appearance 
of fissure without inflicting unnecessary pain from examina-
tion. Trauma is thought to predispose the development of anal 
fissures, but elevated sphincter pressure and reduced blood 
flow are likely to play a role in the pathogenesis. Traditionally, 
the standard therapeutic approach to anal fissures included 
oral fiber, sitz baths, and analgesics. At this time, a number 
of medical treatment options are available including nonop-
erative care, topical nitrates, topical or oral calcium channel 
blockers, and injections of BT. Unfortunately, medical care 
has had pedestrian results as the most recent Cochrane review 
concluded that medical therapy for anal fissures is only mar-
ginally better than placebo and for chronic fissures far less 
effective than surgery.127 Despite the mixed results with medi-
cal therapy, it is our practice to trial these medical measures 
unless the patient is extremely uncomfortable.
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Anorectal abscesses and fistula-in-ano represent different 
stages along the continuum of a common pathogenic spec-
trum. The abscess represents the acute inflammatory event 
while the fistula is representative of the chronic process.

Abscess

Anatomy

Successful eradication of anorectal suppuration and fistula-
in-ano requires an in-depth understanding of anorectal 
anatomy. Essential is an understanding of the existence of 
potential anorectal spaces (Figure 13-1A).1 The perianal 
space is located in the area of the anal verge. It becomes 
continuous with the ischioanal fat laterally while it extends 
into the lower portion of the anal canal medially. It is con-
tinuous with the intersphincteric space. The ischioanal space 
extends from the levator ani to the perineum. Anteriorly it is 
bound by the transverse perineal muscles; the lower border 
of the gluteus maximus and the sacrotuberous ligament form 
its posterior border. The medial border is formed by the leva-
tor ani and external sphincter muscles; the obturator internus 
muscle forms the lateral border. The intersphincteric space 
lies between the internal and external sphincters and is con-
tinuous inferiorly with the perianal space and superiorly with 
the rectal wall. The supralevator space is bounded superiorly 
by peritoneum, laterally by the pelvic wall, medially by the 
rectal wall and inferiorly by the levator ani muscle. The deep 
postanal space is located between the tip of the coccyx pos-
teriorly and lies below the levator ani and above the anococ-
cygeal ligament (Figure 13-1B).

At the level of the dentate line, the ducts of the anal glands 
empty into the anal crypts.

Some 80% of the anal glands are submucosal in extent, 
8% extend to the internal sphincter, 8% to the conjoined lon-
gitudinal muscle, 2% to the intersphincteric space, and 1% 
penetrate the internal sphincter.2

Pathophysiology

Etiology

Ninety percent of all anorectal abscesses result from nonspe-
cific cryptoglandular infection while the remainder result from 
the causes as listed in Table 13-1. According to the cryptoglan-
dular theory championed by Parks,3 abscesses result from the 
obstruction of the anal glands and ducts. The obstruction of a 
duct may result in stasis, infection and formation of an abscess. 
Persistence of anal gland epithelium in part of the tract between 
the crypt and the blocked part of the duct results in the for-
mation of a fistula. Predisposing factors include diarrhea and 
trauma in the form of a hard stool. Associated factors may be 
anal fissures, infection of a hematoma or Crohn’s disease.

Classification

Abscesses are classified according to their location in the 
aforementioned potential anorectal spaces: perianal, ischioa-
nal, intersphincteric, and supralevator (Figure 13-2). Peria-
nal abscesses are the most common type while supralevator 
abscesses are the rarest. Pus can also spread circumferen-
tially through the intersphincteric, supralevator or ischioanal 
spaces, the latter via the deep postanal space, resulting in a 
horseshoe abscess.

Evaluation

Symptoms

Pain, swelling, and fever are the hallmarks associated with 
an abscess. The patient with a supralevator abscess may 
complain of gluteal pain.4 Rectal bleeding has been reported. 
Severe rectal pain accompanied by urinary symptoms, such 
as dysuria, retention, or inability to void may be suggestive 
of an intersphincteric or supralevator abscess.
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Physical Examination

Inspection reveals erythema, swelling, and possible fluc-
tuation. It is crucial to recognize that no visible external 
manifestations are present with the intersphincteric or supra-
levator abscesses despite the patient’s complaint of excruciat-
ing pain.1 Although digital examination may not be possible 
because of extreme tenderness, palpation, if possible, will 
demonstrate tenderness and a mass. With a supralevator 
abscess, a tender mass may be palpated on rectal or vaginal 
examination.4 Anoscopy and sigmoidoscopy are inappropri-
ate in the acute setting.

Treatment

General Principles

Essentially, the treatment of an anorectal abscess involves 
incision and drainage. Watchful waiting under the cover 
of antibiotics is ineffective and may allow the suppurative 
process to progress resulting in the creation of a more com-
plicated abscess and thus possible injury to the sphincter 
mechanism. Rarely, delay in diagnosis and management of 
anorectal abscesses may result in life-threatening necrotiz-
ing infection and death.5 The American Society of Colon and 
Rectal Surgeons has issued practice parameters for the treat-
ment of perianal abscess and fistula-in-ano.6

Operative Management

Incision and Drainage

Perianal abscesses can be effectively drained under local 
anesthesia.4,7 After the most tender point has been determined, 

Table 13-1. Etiololgy of anorectal abscess

Nonspecific
Cryptoglandular
Specific
Inflammatory bowel disease
 Crohn’s disease
 Ulcerative colitis
 Infection
 Tuberculosis
 Actinomycosis
 Lymphogranuloma venereum
Trauma
 Impalement
 Foreign body
 Surgery
 Episiotomy
 Hemorrhoidectomy
 Prostatectomy
Malignancy
 Carcinoma
 Leukemia
 Lymphoma
 Radiation

Figure 13-1. Anorectal spaces: A coronal section, B sagital sec-
tion. (From Vasilevsky CA. Anorectal abscess and fistula-in ano. 
In Beck DE (ed). Handbook of colorectal surgery. St Louis, Mo: 
Quality Medical Publishing, 1997. With permission).

Figure 13-2. Classification of anorectal abscess. (From Vasilevsky 
CA. Fistula-in-Ano and Abscess. In Beck DE, Wexner SD (eds) 
Fundamentals of Anorectal Surgery. London: WB Saunders, 1998. 
With permission).
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the area is infiltrated with 0.5% lidocaine with 1:200,000 
epinephrine. A cruciate or elliptical incision is made and the 
edges are trimmed to prevent coaptation which may result 
in poor drainage or recurrence (Figure 13-3). No packing is 
required.

Most ischioanal abscesses can be incised and drained in 
a similar fashion with the site of incision shifted as close to 
the anal side of the abscess, minimizing the complexity of a 
subsequent fistula. Large ischioanal or horseshoe abscesses 
often require drainage with the patient under a regional or 
general anesthetic with the patient in the prone jackknife 
or left lateral (Sim’s) position. The location of infection is 
often in the deep postanal space. Access to this space may 
be achieved by a midline incision between the coccyx and 
anus, spreading the superficial external sphincter to enter the 
space. An opening is made in the posterior midline and the 
lower half of the internal sphincter is divided to drain the 

anal gland in which the infection originated.4 Counter-inci-
sions are made over each ischioanal fossa to allow drainage 
of the anterior extensions of the abscess (Hanley procedure) 
(Figure 13-4).7

Since the diagnosis of an intersphincteric abscess is enter-
tained when the patient presents with pain out of proportion 
to the physical findings, an examination under anesthesia is 
mandatory to completely assess the cause of the pain. Once 
the diagnosis is established, either by palpation of a protrusion 
into the anal canal or by needle aspiration in the intersphinc-
teric plane, treatment consists of dividing the internal sphincter 
along the length of the abscess cavity. The wound is then mar-
supialized to allow adequate drainage and quicker healing.

Prior to the treatment of a supralevator abscess, it is essen-
tial to determine its origin since it may arise from an upward 
extension of an intersphincteric or an ischioanal abscess, or 
downward extension of a pelvic abscess.1,4 The treatment 
in each case is different. If the origin is an intersphincteric 
abscess, it should be drained through the rectum by dividing 
the internal sphincter and not through the ischioanal fossa, 
since this will result in the creation of a suprasphincteric fistula. 
However, if it arises from an ischioanal abscess, it should be 
drained through the perineal skin and not through the rectum; 
otherwise an extrasphincteric fistula will occur (Figure 13-5). 
If the abscess is of pelvic origin, it may be drained through the 
rectum, ischioanal fossa or abdominal wall via percutaneous 
drainage depending on the direction to which it is pointing.

Catheter Drainage

An alternative method of treatment for selected patients 
is catheter drainage. Patients suitable for this technique 
should not have severe sepsis or any serious systemic ill-
ness.8 The patient is placed in the prone jackknife position 
or left lateral (Sim’s) position. The skin is prepared with 
a  proviodine-iodine solution and the fluctuant point of the 
abscess is selected. Local anesthesia consisting of 0.5% 
lidocaine with 1:200,000 epinephrine is injected into a 1 cm 
area of skin and a stab incision is made to drain the pus. 

Figure 13-3. Drainage of abscess: A injection of local anesthesia, 
B cruciate incision, C excision of skin, D drainage cavity.

Figure 13-4. Drainage of horseshoe abscess.
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The lidocaine should be injected into the skin around rather 
than immediately over the point of maximal fluctuation 
because the acid environment may otherwise preclude ade-
quate anesthesia (Figure 13-6A). A 10–16 French soft latex 
mushroom catheter is inserted over a probe into the abscess 
cavity. When released, the shape of the catheter tip holds the 
catheter in place, obviating the need for sutures. The exter-
nal portion of the catheter is shortened to leave 2–3 cm out-
side the skin with the tip in the depth of the abscess cavity  
(Figure 13-6B). This reduces the chances of the catheter 
falling out of or into the abscess cavity. A small bandage is 
placed over the catheter.

When using this technique, it is important that the stab inci-
sion be placed as close as possible to the anus, minimizing the 
amount of tissue that must be opened if a fistula is found fol-
lowing the resolution of inflammation (Figure 13-6A) and the 
size and length of the catheter should correspond to the size 
of the abscess cavity (Figure 13-7A). A catheter that is too 
small or too short may fall into the wound (Figure 13-7B). 
The length of time that the catheter should be left in place 
depends on the size of the original abscess cavity, the amount 
of granulation tissue around the catheter and the character 
and amount of drainage. If there is doubt, it is better to leave 
the catheter in place for a longer period of time.

Primary Fistulotomy

In the recent past, a contentious issue has been whether pri-
mary fistulotomy should be performed at the time of initial 
abscess drainage. With the advent of noninvasive techniques, 
such as fibrin glue and the anal fistula plug, many of the 
former proponents of this procedure have since abandoned 
this approach, electing to await the appearance of a fistula 
following drainage only to treat it with one of the former less 
invasive methods so as to avoid cutting any sphincter muscle. 

Figure 13-5. Drainage of a supralevator abscess.

Figure 13-6. Catheter drainage of an abscess: A stab incision,  
B catheter in abscess cavity.

Figure 13-7. Catheter in an abscess cavity: A correct size and 
length of catheter, B catheter too short.
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The argument was based on the feeling that in the acute 
phase one can better trace the suppurative process because 
of the presence of pus. Primary fistulotomy, it was believed, 
eliminated the source of infection and decreased the rate of 
recurrence, obviating the need for subsequent surgery with 
the potential to decrease disability and morbidity. A meta-
analysis of five randomized controlled trials comparing 
drainage alone to drainage plus fistulotomy when a fistula 
was identified showed an 83% decrease in subsequent fistula 
formation9 with no increase in incontinence.

Opponents are reluctant to perform primary fistulotomy in 
the presence of acute inflammation since the search for an 
internal opening may lead to the creation of false passages 
resulting in neglect of the main source of infection.10,11 Failure 
to identify an internal opening has been reported to occur in 
as high as 66% of patients.12 In addition, 34–50% of patients 
who present with an abscess for the first time will not develop 
a fistula.7,12 A recent retrospective cohort study showed that 
age less than 40 significantly increased the risk of develop-
ing a fistula or recurrent abscess after drainage of the initial 
perianal abscess.13 Thus, primary fistulotomy in these patients 
would be unnecessary and may result in needless disturbances 
of continence. Of those patients whose abscesses are drained, 
11% may develop a fistula while 37% may develop a recur-
rent abscess.10 This is most often observed in conjunction 
with ischioanal abscesses.10 The search for an internal open-
ing converts the operative procedure from one that can be per-
formed under local anesthesia to one that requires regional or 
general anesthesia. A prospective randomized trial of drain-
age alone versus drainage and fistulotomy for acute perianal 
abscesses with proven internal openings revealed that inci-
sion and drainage alone demonstrated no statistical signifi-
cance in recurrence compared with concurrent fistulotomy 
although there was a tendency to recurrence in the former 
group.14 Another prospective study advocated a conservative 
approach in the treatment of anorectal abscess, reserving fis-
tulotomy as a second-stage procedure, if necessary.15

If the internal opening of a low transsphincteric  fistula 
is readily apparent at the time of abscess drainage,  primary 
fistulotomy is feasible with the following exceptions: 
(1) patients with Crohn’s disease, (2) patients with acquired 
immune deficiency syndrome (AIDS), (3) elderly patients, 
(4) patients with high transsphincteric fistulas, and (5) women 
with anterior fistulas and episiotomy scars.

The decision to perform a primary fistulotomy should be 
individualized but should only be attempted by a surgeon 
with a sound knowledge of the regional anatomy. Insistence 
upon finding a fistula may encourage the creation of a false 
passage and unnecessary division of sphincter muscle.

Antibiotics

There is little if any role for antibiotics in the primary man-
agement of anorectal abscesses except as an adjunct in 

patients with valvular heart disease or prosthetic valves, 
extensive soft tissue cellulitis, prosthestic devices, diabetes, 
immunosuppression, or systemic sepsis.

Postoperative Care

Patients are instructed to continue with a regular diet and to 
take a bulk-forming agent, noncodeine-containing analgesic 
and sitz baths. Patients are generally seen in follow-up in 
2–4 weeks or for intersphincteric or supralevator abscesses, 
2 weeks postoperatively. Those patients in whom catheter 
drainage has been performed are seen within 7–10 days post 
procedure. If the cavity has closed around the catheter and 
drainage has ceased, the catheter is removed. If the cavity 
has not healed, the catheter is left in place or replaced with a 
smaller one. In all cases, patients are observed until complete 
healing has occurred.

Complications

Recurrence

Following incision and drainage, ischioanal, and intersphinc-
teric abscesses are associated with the development of recur-
rent abscesses or fistulas in as many as 89% of patients.10,15,16 
Recurrence is more likely to occur in patients with a history 
of previous abscess drainage perhaps because the natural 
barriers to infection have been destroyed.10,15,16 Reasons for 
recurrence of anorectal infections include missed infection 
in adjacent anatomic spaces, the presence of an undiagnosed 
fistula or abscess at initial abscess drainage, and failure to 
completely drain the abscess.5

If a patient waits too long for follow-up following cathe-
ter drainage, the skin may seal and a second incision may be 
required to retrieve the catheter or redrain a recurrent abscess.

Failure to detect a primary opening at the time of primary 
fistulotomy and abscess drainage may result in persistence 
of the infection.

Extra-anal Causes

Extra-anal disease should be considered once the usual 
causes of recurrence have been ruled out. Hidradentis sup-
purativa and downward extension of a pilonidal abscess 
should be considered.1 A prospective review of recurrent 
anorectal abscesses by Chrabot et al.17 reported hidradenitis 
in one third of patients with recurrent abscesses. In addition, 
the possibility of Crohn’s disease should be suspected as 
well as tuberculosis, human immunodeficiency virus (HIV) 
infection, perianal actinomycosis, rectal duplication, lym-
phogranuloma venereum, trauma, foreign bodies, and a per-
forated rectal carcinoma.
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Incontinence

Incontinence may result after incision and drainage of an abscess 
either from iatrogenic damage to the sphincter or inappropriate 
wound care. Continence may be compromised if the superficial 
external sphincter is inadvertently divided during drainage of 
a perianal or deep postanal abscess in a patient with preopera-
tive borderline continence. Drainage of a supralevator abscess 
may lead to incontinence if the puborectalis is inappropriately 
divided.18 Prolonged packing of a drained abscess may impair 
continence by preventing the development of granulation tissue 
and promoting the formation of excess scar tissue.19

Although advocated to decrease recurrence rates, primary 
fistulotomy may result in unnecessary division of sphincter 
muscle in acutely inflamed tissue. Schouten and van Vroon-
hoven15 reported a 39% rate of continence disturbances in a 
prospective randomized trial.

Special Considerations

Necrotizing Anorectal Infection

Rarely, anorectal abscesses may result in necrotizing infection 
and death. Factors thought to be responsible include delay in 
diagnosis and management, virulence of the organism involved, 
bacteremia and metastatic infections, or underlying disorders, 
such as diabetes, blood dyscrasias, heart disease, chronic renal 
failure, hemorrhoids, and previous abscess or fistula.5 Obesity 
and cigarette smoking are thought to be risk factors.

Symptoms and Signs

Spreading soft tissue infection of the perineum can be classified 
into two groups.20 The first group includes anorectal sepsis in 
which the infection extends superficially around the perineum 
resulting in necrosis of skin, subcutaneous tissue, fascia, or 
muscle. Perianal crepitation, erythematous, indurated skin, 
blistering, or gangrene may be present (Figure 13-8). A black 

spot may appear early and indicates a widespread necrotizing 
infection.21 The second group includes sepsis in which the pre-
peritoneal or retroperitoneal spaces have become involved.20 
Subtle signs may be present which include abdominal wall 
induration, tenderness, or a vague mass. It is important to 
realize that systemic symptoms, such as fever, tachycardia, 
and vascular volume depletion may precede the appearance 
of overt signs of infection.22 Computed tomography (CT) 
scan is an excellent diagnostic tool since it demonstrates the 
origin as well as the extent of infection.23

Treatment

Early recognition and aggressive surgical therapy as well as 
selection of the appropriate antibiotics result in a decrease in 
mortality.24 The mean interval from the onset of symptoms to 
surgical intervention is seen as the most important prognos-
tic factor with a significant impact on outcome.24

Treatment consists of vigorous intravenous fluid hydra-
tion, restoration of electrolyte balance, and insertion of 
a Foley catheter. Accompanying coagulopathy, respira-
tory insufficiency and renal failure must be aggressively 
treated. Invasive monitoring and ventilatory support may 
be necessary.25 Pus or necrotic tissue from the infected 
region must be cultured for aerobes and anaerobes. 
A Gram stain can be used to distinguish between the 
presence of clostridial and nonclostridial organisms.26 
Empiric broad-spectrum  antibiotic therapy should be 
instituted regardless of Gram stain and culture results. 
The chosen antibiotic regimen should be effective against 
staphylococci and streptococci, gram-negative coliforms, 
Pseudomonas, Bacteroides, and Clostridium. For gram-
positive rods seen on Gram stain, antibiotics administered 
should include sodium penicillin G in doses of 24–30 mil-
lion units per day and an aminoglycoside. Tetanus toxoid 
should also be administered.25

Surgical treatment consists of wide radical debridement 
until healthy tissue is encountered. The goals of surgical 
debridement are to remove all nonviable tissue, halt the pro-
gression of infection and alleviate the systemic toxicity.22 
It is crucial to realize that the preoperative skin changes 
may be minimal compared to the operative findings which 
may include edema, liquefactive necrosis of subcutane-
ous tissues, watery pus formation, and extensive necrosis 
of underlying fascia.25 Re-examination under anesthesia is 
usually necessary since this is the only manner by which 
adequate wound examination can be conducted.25 Vacuum-
assisted closure of the resulting wounds may be a useful 
adjunct in healing of these wounds which may be rather 
extensive.27 The need for colostomy is a debatable issue and 
has been recommended if the sphincter muscle is grossly 
infected, if there is colonic or rectal perforation, if the rec-
tal wound is large, if the patient is immunocompromised or 
if incontinence is present.20,22 While some authors feel that 
colostomy is seldom necessary,26 fecal diversion may also Figure 13-8. Necrotizing anorectal infection.
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be accomplished with the use of a  “medical colostomy” 
consisting of enteral or parenteral nutrition. Controversy 
also exists with regards to the need for urinary diversion by 
suprapubic catheterization. It has been suggested that this 
may be indicated in the presence of known stricture and 
urinary extravasation with phlegmon.28

Although antibiotics and adequate surgical drainage are 
thought to be sufficient, the use of hyperbaric oxygen (HBO) 
has been advocated as an adjunct to treatment, particularly in 
patients with diffuse spreading infections who do not have 
chronic obstructive pulmonary disease.29 It is postulated that 
HBO has a direct antibacterial effect on anaerobic bacteria by 
diminishing the effect of endotoxins and optimizing leukocyte 
phagocytic function.21 HBO may also promote would healing 
by facilitating fibroblast proliferation.29 HBO is delivered as 
100% oxygen through an oronasal mask or endotracheal tube 
at 3 ATM for one or two cycles each lasting 2 h. If HBO is to 
be used as an adjunctive therapy, appropriate surgical inter-
vention with wide debridement cannot be compromised since 
ischemic tissue cannot be salvaged by HBO.22

Despite aggressive surgical and multidisciplinary man-
agement of anorectal sepsis, mortality rates ranging from 8 
to 67% have been reported.20,22 This high mortality rate is 
due in part to the aggressive nature of the infection and to 
the underlying comorbid diseases that are present in these 
patients.22 Mortality rates are two to three times higher in 
diabetics, in elderly patients and in patients in whom treat-
ment is delayed.21

Extent of disease at presentation and metabolic status are 
of utmost importance in determining prognosis.30

Anal Infection and Hematologic Diseases

Acute anorectal suppuration poses an interesting and often 
life-threatening problem in patients with acute hematologic 
diseases. In patients with acute leukemia, mortality rates of 
45–78% have been reported.31 There is a definite relation-
ship between the number of circulating granulocytes and the 
incidence of perianal infection in patients with hematologic 
diseases. In one study, patients with neutrophil counts below 
500 per cubic millimeter had an incidence of anorectal infec-
tions of 11%, whereas those with counts greater than 500 per 
cubic millimeter had an incidence of 0.4%.32 Glenn et al.33 
reported that 63% of anorectal infectious episodes occurred 
when fewer than 500 neutrophils were present per cubic mil-
limeter. The risk of developing anorectal infection in this 
patient population has been found to be related to the sever-
ity and duration of the neutropenia.31 The most important 
prognostic indicator was the number of days of neutropenia 
during the infectious episode.33

The most common presenting symptoms include fever, 
which precedes pain, and urinary retention. Point tender-
ness and poorly demarcated induration constitute the earliest 
signs31 while external swelling and fluctuation often appear 
late in the course of infection.33

Controversy surrounds the treatment of acute anorectal 
infections in patients with hematologic malignancies. Sur-
gery has generally been avoided since what may seem to be 
simple incision and drainage may produce scant or no pus 
and may instead cause hemorrhage, poor wound healing or 
expanding soft tissue infection.33

Any patient with perianal pain is assumed to have a peria-
nal complication and is started on precautionary measures 
which consist of no digital rectal examinations, supposito-
ries, or enemas.34 Sitz baths, stool softeners, bulk agents, and 
analgesia are advised. On aspiration of most abscesses in this 
group, the most common organisms are Escherichia coli and 
group D streptococcus. Consequently, infections are suc-
cessfully controlled with a third-generation cephalosporin 
combined with anaerobic coverage or an extended spectrum 
of penicillin in combination with an aminoglycoside and an 
antianaerobic antibiotic. This combination has been associ-
ated with an 88% success rate.33

Barnes et al.31 recommend an aggressive surgical approach. 
Through this approach, 13 of 15 patients who were severely 
neutropenic with neutrophil counts of fewer than 100 per 
cubic millimeter recovered with incision and drainage. It 
must be noted that these patients were found to have exten-
sive soft tissue infection. Since appropriate antibiotic cover-
age has been found to control infection successfully, surgery 
has generally been recommended only if there is obvious 
fluctuation, progression of soft tissue infection, or persistent 
sepsis after a trial of antibiotic therapy.33

With severe neutropenia of fewer than 500 neutrophils per 
cubic millimeter, low dose radiation therapy of 300–400 rad 
for a period of 1–3 days has been suggested. Spontaneous 
drainage or subsidence of induration has been found to occur 
in 3–5 days.34 A randomized controlled study, however, has 
failed to confirm the utility of this approach.35

Anorectal Sepsis in the HIV-Positive Patient

Patients who are HIV-positive and present with abscesses 
require drainage either by incision and drainage or the use 
of catheter drainage. Since these patients are immunosup-
pressed, adjunctive antibiotics should be used. Efforts should 
be directed at keeping wounds small since these patients are 
at risk of poor wound healing.36 An increased incidence of 
perianal sepsis may be observed in HIV positive patients.37 
Serious septic complications or uncommon presentations of 
anorectal sepsis were found in 13% of patients who initially 
presented with anorectal suppuration in one study.36 In another 
study, perianal sepsis was associated with in situ neoplasia.38

Fistula-in-ano

Familiarity of the surgeon with the anatomy of the anorectal 
area and with the pathogenesis and classification of fistulas 
is essential for their adequate management.
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Pathophysiology

Etiology

A fistula is defined as an abnormal communication between 
any two epithelium-lined surfaces. A fistula-in-ano is an 
abnormal tract or cavity communicating with the rectum or 
anal canal by an identifiable internal opening. Most fistulas 
are thought to arise due to cryptoglandular infection.

Classification

The most helpful yet complicated classification of fistula-in-
ano is that described by Parks39 (Table 13-2). It has been sug-
gested that its use is particularly applicable to the treatment 
of recurrent fistulas.

Intersphincteric Fistula-in-ano

This fistula is the result of a perianal abscess. The tract 
passes within the intersphincteric space (Figure 13-9A). 
This is the most common type of fistula and accounts for 
approximately 70% of fistulas.39 A high blind tract pass-
ing from the fistula tract to the rectal wall may occur; in 
addition, the tract may also pass into the lower rectum. 
The infectious process may pass into the intersphincteric 
plane and terminate as a blind tract. There is no downward 
extension to the anal margin, and thus no external opening 
is present. Infection may also spread in the intersphincteric 
plane to reach the pelvic cavity to lie above the levator ani 
muscles. Lastly, an intersphincteric fistula may originate 
in the pelvis as a pelvic abscess but manifest itself in the 
perianal area.

Transsphincteric Fistula-in-ano

In its usual variety, this fistula results from an ischioa-
nal abscess and constitutes approximately 23% of fistulas 
seen.39 The tract passes from the internal opening through 
the internal and external sphincters to the ischioanal fossa 
(Figure 13-9B). A high blind tract may also occur in this 
situation in which the upper arm of the tract may pass toward 
the apex of the ischioanal fossa or may extend through the 
levator ani muscles and thereby into the pelvis. One form 
of transsphincteric fistula is the rectovaginal fistula. This is 
discussed further in Chap. 14.

Suprasphincteric Fistula-in-ano

This fistula results from a supralevator abscess and accounts 
for approximately 5% of fistulas in some series.39 The tract 
passes above the puborectalis after arising as an intersphinc-
teric abscess. The tract curves downward lateral to the exter-
nal sphincter in the ischioanal space to the perianal skin 
(Figure 13-9C). A high blind tract may also occur in this 
variety and result in a horseshoe extension.

Extrasphincteric Fistula-in-ano

This constitutes the rarest type of fistula and accounts for 2% 
of fistulas.39 The tract passes from the rectum above the leva-
tors and through them to the perianal skin via the ischioanal 
space (Figure 13-9D). This fistula may result from foreign 
body penetration of the rectum with drainage through the 
levators, from penetrating injury to the perineum, or from 
Crohn’s disease or carcinoma or its treatment. However, the 
most common cause may be iatrogenic secondary to vigor-
ous probing during fistula surgery.4

Table 13-2. Classification of fistula-in-ano

Intersphincteric
 Simple low tract
 High blind tract
 High tract with rectal opening
 Rectal opening without perineal opening
 Extrarectal extension
 Secondary to pelvic disease
Transsphincteric
 Uncomplicated
 High blind tract
Suprasphincteric
 Uncomplicated
 High blind tract
Extrasphincteric
 Secondary to anal fistula
 Secondary to trauma
 Secondary to anorectal disease
 Secondary to pelvic inflammation

Adapted from Parks3

Figure 13-9. Classification of fistula-in-ano: A intersphincteric,  
B transsphincteric, C suprasphincteric, D extrasphincteric.
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Evaluation and Treatment

Symptoms

A patient with a fistula-in-ano often recounts a history of an 
abscess that has been drained either surgically or spontane-
ously. Patients may complain of drainage, pain with defeca-
tion, bleeding due to the presence of granulation tissue at the 
internal opening, swelling or decrease in pain with drainage. 
Additional bowel symptoms may be present when the fistula 
is secondary to proctocolitis, Crohn’s disease, actinomyco-
sis, or anorectal carcinoma.40 Systemic diseases such as HIV, 
carcinoma, and lymphoma should be entertained.40

Physical Examination

The external or secondary opening may be seen as an ele-
vation of granulation tissue discharging pus. This may be 
elicited on digital rectal examination. In most cases, the 
internal or primary opening is not apparent. The number of 
external openings and their location may be helpful in iden-
tifying the primary opening. According to Goodsall’s rule 
(Figure 13-10), an opening seen posterior to a line drawn 
transversely across the perineum originates from an internal 
opening in the posterior midline. An anterior external open-
ing originates in the nearest crypt. Generally, the greater the 
distance from the anal margin the greater the probability 
of a complicated upward extension. Cirocco and Reilly41 
found that Goodsall’s rule was accurate in describing the 
course of anal fistulas with a posterior external opening. It 

was inaccurate in patients with anterior external openings 
since 71% of these fistulas tracked to a midline anterior pri-
mary opening. This was especially true in women in whom 
fistulas with anterior external openings tracked in a radial 
fashion in only 31%.41

Digital rectal examination may reveal an indurated cord-
like structure beneath the skin in the direction of the internal 
opening with asymmetry between right and left sides. Inter-
nal openings may be felt as indurated nodules or pits leading 
to an indurated tract.41 Posterior or lateral induration may 
be palpable indicating fistulas deep in the postanal space or 
horseshoe fistulas.40,41 Bidigital rectal examination defines 
the relationship of the tract to the sphincter muscles and pro-
vides information as to preoperative sphincter tone, bulk, and 
voluntary squeeze pressure which need to be assessed preop-
eratively because of a possible risk of incontinence.18,40

Investigations

Anoscopy should be done prior to operation in an attempt 
to identify the primary opening. Sigmoidoscopy should 
be performed to locate a proximal internal opening and to 
exclude underlying pathology, such as proctitis or neopla-
sia. Colonoscopy or barium enema and a small bowel series 
are indicated in patients who have symptoms suggestive of 
inflammatory bowel disease and in patients with multiple or 
recurrent fistulas. Although anal manometry is not generally 
required, it may be useful as an adjunct to plan the opera-
tive approach in women with previous obstetric trauma, in an 
elderly patient, a patient with Crohn’s disease or AIDS, or in 
a patient with a recurrent fistula.42

The role of preoperative imaging is to demonstrate clini-
cally undetected sepsis, to serve as a guide at the time of 
the initial surgery, to determine the relationship of the fistula 
tract to the sphincter mechanism, and to reveal the site of 
sepsis in a recurrent fistula, all serving to decrease recur-
rence rates associated with fistula surgery. Imaging may take 
the form of fistulography, CT scan, endoanal ultrasound, and 
magnetic resonance imaging (MRI).

Fistulography

Fistulography, which involves cannulation of the external 
opening with a small feeding tube and injection of water sol-
uble contrast may be useful in the evaluation of recurrent fis-
tulas or in Crohn’s disease where previous surgical forays or 
disease may have altered anorectal anatomy (Figure 13-11).43 
Contrast is introduced at low pressures for fear of tissue dis-
ruption. This may not allow secondary tracts to fill with con-
trast. It is difficult to distinguish between an abscess located 
high in the ischioanal fossa and one located in the supraleva-
tor space. In addition, the level of the internal opening may be 
difficult to see because of the absence of precise landmarks. 
Contrast may reflux into the rectum wrongly suggesting an Figure 13-10. Goodsall’s rule.
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extrasphincteric tract with a rectal opening thus resulting in 
injudicious probing. Accuracy rates in identifying the internal 
openings and extensions in one study were found to be 16%, 
while a subsequent study found fistulography to be useful in 
96%.43,44 Its use resulted in altered surgical management or 
revealed other surgical pathology in 48%.43 It was found, for 
reasons outlined previously, to have a false positive rate of 
12%.44 Fistulography is invasive and potentially may result in 
the dissemination of sepsis.

Computed Tomography Scan

CT scanning performed with intravenous and rectal contrast 
is a noninvasive method used to assess the perirectal spaces. 
Its use may be to distinguish an abscess requiring drainage 
from perirectal cellultitis. It does not permit visualization of 
tracts in relation to the levators but may be helpful in assess-
ing the degree of rectal inflammation in patients with inflam-
matory bowel disease.

Endoanal Ultrasound

The role of endoanal ultrasound is to establish the relation 
of the primary tract to the anal sphincters, to determine 
if the fistula is simple or complex with extensions and to 
determine the location of the primary opening. It may aid 
in the identification of complex fistulas and may serve as an 
adjunct in the evaluation of complex suppuration to assess 
the adequacy of drainage (Figure 13-12A).45 A prospective 
study which compared this modality to digital examina-
tion found that while endosonography was able to detect a 
large portion of intersphincteric and transsphincteric tracts, 
it was unable to detect primary superficial, extrasphincteric, 

and suprasphincteric tracts or secondary supralevator or 
 infralevator tracts.46 A study conducted 10 years later using 
a 10 mHz probe along with injection of hydrogen peroxide 
into the tract, was able to identify the internal opening in 
93%.47 While this investigative modality is rapid and well 
tolerated, it is operator dependent and scars or defects caused 
by previous sepsis, surgery or trauma confuses ultrasono-
graphic interpretation and makes delineation of fistula tracts 
difficult.46 The concomitant use of enhancing agents such as 
hydrogen peroxide (Figure 13-12B) or Levovist™48 at the 
time of ultrasound examination has been found to improve 
its accuracy and it has been suggested that it be used prior to 
operative treatment since it assists the surgeon by delineating 
the anatomy of the fistulous tract and provides information 
that may be of value in planning therapeutic surgery, thereby 
reducing the risks of incontinence and recurrence.49,50

Magnetic Resonance Imaging

MRI in the form of endoanal coil, body coil, and phase array 
(Figure 13-13) coil may be of value in the assessment of 
patients with complex fistulas and in those with anatomic 
distortion resulting from previous surgery. Since MRI can 
provide multiplanar visualization of the sphincter muscles, 
differentiation of supralevator from infralevator lesions is 
easier.51 MRI has been found to accurately delineate the 
presence and course of a primary fistulous tract, but also 
demonstrates the site and presence of any secondary exten-
sions.52 It also provides the most accurate imaging technique 
of localizing the site of the internal opening since its location 
can be inferred from the proximity of the tract in the inter-
sphincteric space.52 A prospective study which compared the 
accuracy of MRI in the preoperative assessment of anal fis-
tulas to operative findings, found concordance rates of 88% 
for the presence and course of the primary tract, 91% for 
the presence and site of secondary extensions or abscesses, 
97% for the presence of horseshoeing, and 80% for the posi-
tion of the internal openings.45 In the same study, failure of 
healing in 9% was found to be related to pathology missed 
at the time of surgery which had been documented on pre-
operative MRI.52 Difficulties in interpretation, however, may 
occur since neural and vascular structures may be mistaken 
for fistulas and chemical shift artifacts may simulate a fis-
tula filled with fluid.52 The use of the endoanal coil has been 
found to be superior to external MRI for the identification of 
complex sphincter anatomy especially in the demonstration 
of the morphology of the internal and external sphincters;53,54 
however, definition may fall off outside the sphincter and 
may fail to show the tracts that lie beyond its range. It is also 
painful. A prospective study comparing hydrogen peroxide 
endoanal ultrasound to endoanal MRI found good agreement 
for the classification of the primary fistula tract and the loca-
tion of the internal opening. These results also demonstrated 
good agreement with the surgical findings enabling both to 
be reliable for the preoperative evaluation of fistulas.55

Figure 13-11. Fistulogram.
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A prospective trial comparing the use of the endoanal 
coil to the body coil found that surgical concordance for 
the endoanal coil was 68% versus 96% for the body coil, 
presumably due to field of view limitations.56 This can be 
overcome with the use of the phase array coil which has a 
larger field of view and may be useful in Crohn’s disease and 
recurrent fistulas.57

In a prospective study to determine the impact of MRI with 
primary fistulas, Buchanan et al.58 found that MRI changed 
the surgical approach in 10%. In another study with respect 
to recurrent fistulas, recurrence rates were found to be higher 
for those surgeons who never used MRI.59 They concluded 
that MRI-guided surgery can decrease recurrence rates by 
75% in surgery for recurrent fistulas.

Figure 13-12. A Anal endosonogram, B with hydrogen peroxide. Courtesy Dr. Julio Faria.

Figure 13-13. Phase array MRI.
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Treatment

General Principles

The principles of fistula surgery are to eliminate the fistula, 
prevent recurrence, and preserve sphincter function. Success 
is usually determined by identification of the primary open-
ing and dividing the least amount of muscle possible. Several 
methods have been proposed to identify the primary opening 
in the operating room.1,4

1. Passage of a probe or probes from the external opening to 
the internal opening or vice versa.

2. Injection of a dye such as dilute solution of methylene 
blue, milk, or hydrogen peroxide and noting their appear-
ance at the dentate line. Although methylene blue may 
stain surrounding tissues, diluting it with saline or hydro-
gen peroxide obviates this problem.

3. Following the granulation tissue present in the fistula 
tract.

4. Noting puckering of an anal crypt when traction is placed 
on the tract. This may be useful with simple fistulas but is 
less successful in the more complicated varieties.

Operative Management

Lay-open Technique

For the treatment of simple intersphincteric and low trans-
sphincteric fistulas, the patient is placed in the prone 
jackknife position following the induction of a regional 
anesthetic. Local anesthesia consisting of 0.5% lidocaine or 
0.25% bupivacaine hydrochloride with 1:200,000 epineph-
rine is injected along the fistula tract for hemostasis follow-
ing the insertion of an anal speculum. Use of bupivacaine 
provides analgesia of longer duration than most regional 
anesthetics. A probe is inserted from the external opening 
along the tract to the internal opening at the dentate line. 
The tissue overlying the probe is incised and the granulation 
tissue curetted and sent for pathologic evaluation. A gentle 
probe is used to identify any high blind tracts or extensions, 
which are unroofed, if found. If desired, the wound may be 
marsupialized on either edge by sewing the edges of the inci-
sion to the tract with a running locked absorbable suture. 
There is no need to insert packing if an adequate unroofing 
has been accomplished (Figure 13-14A–C).

Seton

The problem of preserving anal continence and treating 
the fistula is more complicated when managing high trans-
sphincteric fistulas. If the tract is seen to cross the sphincter 
muscle at a high level, the use of the lay-open technique in 
combination with insertion of a seton is safer. A seton may be 
any foreign substance which can be inserted into the  fistula 
tract to encircle the sphincter muscles. Materials  commonly 

Figure 13-14. Technique of laying open: A insertion of probe and 
incision of tissue overlying probe, B curettage of granulation tissue, 
C marsupialization of wound edges.
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employed include silk or other nonabsorbable suture 
 material, penrose drains, rubber bands, vessel loops, and 
Silastic catheters.18 The lower portion of the internal sphinc-
ter is divided along with the skin to reach the external open-
ing and a nonabsorbable suture or elastic suture is inserted 
into the fistulous tract. The ends of the suture or elastic are 
tied with multiple knots to create a handle for manipulation 
(Figure 13-15). This form of seton, known as a cutting seton, 
is tightened at regular intervals to slowly cut through the 
sphincter. This allows the tract to become more superficial, 
converting a high fistula into a low one. The proximal fistu-
lotomy subsequently heals by stimulating fibrosis behind it 
reestablishing continuity of the anorectal ring to prevent sep-
aration or retraction of the sphincter muscle at a second stage 
repair 8 weeks later when the remaining external sphincter 
is divided. The seton also allows delineation of the amount 
of remaining muscle thus enabling improved postoperative 
assessment by outlining the tract. A seton may also be used 
as a drain which is left loosely in place to facilitate pro-
longed drainage, thereby referred to as a draining seton. In 
the past, specific indications for seton use included:60 (1) To 
identify and promote fibrosis around a complex anal fistula 
that encircles most or all of the sphincter mechanism; (2) To 
mark the site of a transsphincteric fistula in cases of massive 
anorectal sepsis where the normal anatomic landmarks have 
been distorted; (3) Anterior, high transsphincteric fistulas 
in women. Since the puborectalis is absent in this area and 
the external sphincter is quite tenuous, primary fistulotomy 
may result in incontinence; (4) The presence of a high trans-
sphincteric fistula in a patient with AIDS in whom healing 
is known to be poor; (5) To avoid premature skin closure 
and formation of recurrent abscesses and promote long-term 
drainage in patients with Crohn’s disease. In these patients, a 
Silastic catheter can be left in place for a prolonged period of 
time to promote epithelialization of the fistula tract or tracts; 

(6) When there is suspicion that primary fistulotomy results 
in incontinence such as in those patients with multiple simul-
taneous fistulas, patients who have undergone multiple prior 
sphincter operations, such as fistulotomy or internal sphinc-
terotomy and in elderly patients with weakened  sphincter 
muscles. A recent extensive literature search suggested 
that the use of cutting setons be abandoned because of high 
incontinence rates of 12% since ultimately they damage the 
sphincters.61 This position was supported by the Association 
of Coloproctologists of Great Britain and Ireland (ACGBI) 
who recommended that a cutting seton be used only for low 
transsphincteric fistula or as the secondary treatment for a 
low transsphincteric fistula.62

Another option available to treat transsphincteric fistu-
las without division of muscle involves the use of a dermal 
island flap.63 Division of muscle was able to be avoided in 
90%, however, a 23% failure rate was reported. This was 
found to be more likely in males, patients who had previous 
treatment of their fistulas, patients with large fistulas requir-
ing combined flaps and patients who underwent simultane-
ous fibrin glue injection.

Treatment of suprasphincteric fistulas requires an appre-
ciation that the tract involves the entire external sphincter 
complex as well as the puborectalis muscle. Laying-open the 
entire tract would render the patient incontinent. Thus, several 
methods have been proposed to manage this fistula without 
the ensuing devastating consequences. The use of a seton has 
been advocated in combination with division of the internal 
sphincter and the superficial portion of the external sphinc-
ter to the external opening. The seton is placed around the 
remaining external sphincter as was previously described.64

A modification of this approach has been proposed by 
Kennedy and Zegarra65 in which an internal sphinctero-
tomy is performed, followed by opening of the tracts out-
side the external sphincter without division of any portion of 
the external sphincter which is encircled by a seton to pro-
mote fibrosis and assure adequate drainage. Complete heal-
ing using the latter approach has been reported in 66% with 
posterior fistulas and in 88% with anterior fistulas.65 Parks64 
obtained healing in 63%. Another method that has been pro-
posed to treat this type of fistula is the anorectal advance-
ment flap which is described.

The horseshoe variety of the suprasphincteric fistula also 
presents the problem of complete sphincter involvement 
combined with the presence of multiple external openings 
a great distance from the cryptoglandular source. Treatment 
consists of identification of the internal opening and proper 
drainage of the postanal space as was previously described. 
The horseshoe extensions are enlarged for counter-drainage 
and the granulation tissue is curetted.

The treatment of an extrasphincteric fistula depends on its 
etiology. If the fistula arises secondary to an anal fistula, a 
secondary opening above the puborectalis is thought to be 
iatrogenic due to extensive probing of a transsphincteric fis-
tula. The lower portion of the internal sphincter is divided 

Figure 13-15. Seton.
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and the rectal opening is closed with a nonabsorbable suture. 
A temporary colostomy may be necessary but a medical 
colostomy consisting of preoperative mechanical and antibi-
otic bowel preparation followed by enteral feeding may suf-
fice. If the fistula is the result of entrance of a foreign body, it 
must be removed, drainage must be established, the internal 
opening closed and a temporary colostomy constructed to 
decrease rectal pressure. This type of fistula may also be a 
manifestation of Crohn’s disease. Treatment depends on the 
nature of the anorectal mucosa and drainage may be assisted 
by the placement of a seton. Finally, the fistula may be the 
result of downward tracking of a pelvic abscess which must 
be drained so that the fistula can heal.

Figure 13-16A–D shows the anorectal advancement flap.

When the traditional laying-open technique may be 
inappropriate, for example, in anterior fistulas in women, 
in patients with inflammatory bowel disease, in patients 
with high transsphincteric and suprasphincteric fistulas as 
well as in those with previous multiple sphincter opera-
tions, multiple and complex fistulas, the use of an anorec-
tal advancement flap has been advocated.66 Advantages of 
this technique include a reduction in the duration of heal-
ing, reduced associated discomfort, lack of deformity to the 
anal canal as well as little potential additional damage to the 
sphincter muscles since no muscle is divided.18

Following full mechanical and antibiotic bowel prepara-
tion, the patient is placed in the prone jackknife of left lateral 
position. Under a regional or general anesthetic, following 

Figure 13-16. Anorectal advancement flap: A transsphincteric fistula-in-ano, B enlargement of external opening and curettage of granula-
tion tissue, C mobilization of flap and closure of internal opening, D suturing of flap in place covering internal opening.
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insertion of a Foley catheter, the fistula tract is identified with 
a probe and either cored out or curetted. The internal opening 
is identified and excised. The external opening is enlarged to 
allow for drainage. A full thickness flap of rectal mucosa, 
submucosa and part of the internal sphincter is raised. The 
residual internal opening is closed with absorbable suture. 
The flap is then advanced 1 cm below the internal opening. 
The tip of the flap containing the fistulous opening is excised 
and the flap is sewn into place with absorbable sutures ensur-
ing that the mucosal and muscular suture lines do not over-
lap. The base of the flap should be twice the width of the 
apex to maintain good blood supply. Successful results have 
reported in over 90% of patients.67 Factors associated with 
poor outcomes include Crohn’s disease and steroids.68 Ciga-
rette smoking was found to be another significant variable in 
another study.69

Fistulectomy

Although excision of the fistula or fistulectomy was thought 
to be a satisfactory method of treatment of fistula-in-ano, its 
use is no longer recommended. Larger wounds are created 
significantly prolonging wound healing time.70 A greater 
separation of muscle ends occurs1 and there is greater risk 
of injuring or excising underlying muscle,66 thereby increas-
ing the risk of incontinence. Schouten and van Vroonhoven14 
have found that fistulectomy, whether primary or secondary, 
was associated with a clinically significant disturbance in 
anal function. In recent years, alternative therapies have been 
developed to avoid division of the sphincters but aimed to 
obliterate the fistula tract. These include fibrin glue and the 
anal fistula plug (AFP).

Fibrin Glue

The use of fibrin glue (Tisseel, Baxter Healthcare Corp, 
Deerfield, IL) as a primary treatment alone or in combination 
with an advancement flap was appealing since it is a simple, 
noninvasive approach that avoids the risk of incontinence 
associated with fistulotomy. In the case of failure, it may be 
repeated several times without jeopardizing continence. As 
with fistulotomy, the fistula tract along with its internal and 
external openings is identified and curetted (with currettes 
or flexible brushes). Fibrin glue is injected into the fistula 
tract through a Y connector so that the entire tract is filled 
and the glue can be seen emerging from the internal opening. 
The injecting catheter is slowly withdrawn so that the entire 
tract is filled. Petrolatum jelly gauze may be placed over the 
external opening.

Enthusiasm generated because of short-term success 
rates of 70–74%71,72 has been tempered due to delayed fis-
tula recurrence despite initial apparent healing.73 With lon-
ger follow up, 60% of fistulas were found to have healed 
in a recent study although patients underwent a two-stage 
approach consisting of seton placement followed by glue 
injection at a second stage.74 Patients who failed underwent 

repeat injection which allowed 69% to heal. The 29% who 
failed to heal underwent either fistulotomy or advancement 
flap. Late recurrences (6%) occurred more than 6 months 
postoperatively and were treated with reinjection. Buchanan 
et al.75 found fibrin glue injection to be useful in 14% with 
complex anal fistulas without extensions.

Although the exact mechanisms responsible for failure 
have not been entirely appreciated, it has been suggested that 
curettage may not adequately remove all granulation or epithe-
lialized tissue thus failing to provide the correct environment 
for the glue to work.75 Other adverse factors shown to influ-
ence healing include the presence of a short tract which may 
make it easier for the fibrin glue plug to become dislodged as 
well as the presence of a cavity on endoanal ultrasound.76 The 
latter was associated with a complication of perianal abscess 
since the tract may not have been entirely filled with glue.77–81 
Fibrin glue is associated with a low incontinence rate as well 
as a disappointing low cure rate. Results using fibrin glue are 
summarized in Table 13-3.73–75,78–81

Anal Fistula Plug

Recently, the use of a bioprosthetic plug made from lyo-
philized porcine intestinal submucosal has been described for 
the treatment of complex anal fistulas.79 The Surgisis AFP™ 
(Cook Surgical Inc, Bloomington, IN), when implanted, is 
colonized by host tissue cells and blood vessels and thus pro-
vides a scaffold to allow infiltration of the patient’s connective 
tissue. A consensus conference82 defined the indications for 
the use of the plug in fistulous disease to include: (1) Trans-
sphincteric fistula; (2) Intersphincteric fistula if conventional 
fistulotomy posed a risk of incontinence, such as in patients 
with inflammatory bowel disease; and (3) Extrasphincteric 
fistula. Contraindications for the use of the plug included: 
(1) Fistula with persistent abscess cavity; (2) Fistula with 
infection; (3) Allergy to porcine products; and (4) Inability 
to identify both the external and internal openings. The lat-
ter constitutes an absolute contraindication for the use of the 
plug. Following full mechanical bowel preparation or the use 
of a small volume enema along with a single preoperative 
dose of antibiotics, the patient is placed in the prone jack-
knife position. The internal and external openings must be 
clearly delineated. This can be accomplished by irrigation 
with saline or peroxide. Gentle passage of a probe is essential 
to confirm the position of the tract and facilitate insertion of 

Table 13-3. Results with fibrin glue

Authors Year n Success rate (%)

Cintron et al.73 2000 79 61
Sentovitch74 2003 48 70
Buchanan et al.75 2003 22 14
Zmora et al.78 2005 60 53
Johnson et al.79 2006 25 40
Adams et al.80 2008 17 94
Yeung et al.81 2010 12 42 (simple); 29 (complex)
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the plug. Debridement or curettage of the tract should not be 
performed. A seton should always be used temporarily only 
if there is acute inflammation or drainage. The plug should 
be immersed in sterile saline for 2 min and thus rehydrated. 
A fistula probe is placed through the tract and a 2-0 suture is 
placed through the tapered end of the plug and the ends of this 
suture are attached to the fistula probe at the primary opening. 
The suture is pulled from the primary opening, through the 
fistula tract to exit at the secondary opening. For patients with 
a “horseshoe” fistula, an incision is made over the fistula tract 
distal to the anal verge to create a secondary opening that the 
ends of the suture are brought through. With gentle traction on 
the suture, the porcine plug is pulled into the primary opening 
of the fistula until “wrinkling” of the superficial layer of the 
plug is first seen. The plug is not forced tightly. Excess plug 
is removed by transecting the plug at the level of the primary 
opening. The plug is secured in the primary opening using a 
2-0 absorbable suture placed in a “figure 8” fashion with the 
suture crossing through the center of the plug and incorporat-
ing a generous portion of the sphincter mechanism on both 
sides. Any plug protruding through the secondary opening is 
also excised. The distal end of the plug is not sutured to the 
fistula tract and the distal opening is left open for drainage. 
Patients are advised to avoid vigorous physical activity for 
2 weeks after plug placement to minimize the chance of plug 
dislodgement. No dietary restrictions are necessary nor are 
topical antibiotics indicated.

The first prospective study comparing the AFP to fibrin 
glue in 25 patients with high transsphincteric or deeper 
fistulas found greater success rates with the plug (87% vs. 
40%) at 3 months.79 The authors concluded that closure of 
the primary opening of a fistula tract using a suturable bio-
logic AFP is an effective method of treating anorectal fis-
tulas. Although the technique has appeal for its simplicity 
and avoidance of sphincter injury, more recent reports, how-
ever, have tempered enthusiasm with success rates ranging 
from 13.9 to 87% (Table 13-4).79,83–92 Dislodgement has been 
reported in 9 (41%) while sepsis requiring abscess drainage 
has been reported in 4 (29%) patients.83–92

Ligation of the Intersphincteric Fistula  
Tract Procedure

Recently, a new sphincter-sparing technique has been intro-
duced [ligation of the intersphincteric fistula tract (LIFT)].93 
The LIFT technique is based on the secure closure of the 
internal opening and removal of the infected cryptoglandu-
lar tissue in the intersphincteric space. The only patients not 
suitable are those with early fistulous abscess in which the 
intersphincteric tract is not well formed.

Technique

Patients undergo mechanical bowel preparation and are 
placed in the prone jackknife position. A Fansler anoscope is 
inserted into the anal canal and

1. Internal opening is identified.
2. 1.5–2.0 cm curvilinear incision is made at the intersphinc-

teric groove overlying the fistula tract.
3. Cautery is used to dissect into the intersphincteric plane 

staying close to the external sphincter avoiding cutting 
through the internal sphincter and breaching anal mucosa.

4. Internal and external sphincters are retracted. The inter-
sphincteric tract is dissected and ligated next to the inter-
nal opening with a 3-0 absorbable suture.

5. Tract next to the suture is ligated.
6. Tract excision is confirmed by injection or probing of the 

external opening.
7. Granulation tissue is curetted.
8. The external opening is sutured through the intersphinc-

teric wound.
9. Incision is closed with 3-0 absorbable suture.

Postoperatively wounds are cleansed with tap water twice 
a day and following bowel movements. Patients are given 2 
weeks of Ciprofloxacillin and Metronidazole.

A pitfall with this technique may be the intersphincteric 
approach for high tracts especially with horseshoe tracts. 
Also exposure of the intersphincteric space may damage the 
internal sphincter.

Although there are only a few reports in the literature, 
success rates of 58–94% have been reported.93,94 In addition, 
time to failure has ranged from 4 to 64 weeks with a median 
of 19 weeks.93,94

New Biologic Injectables

Recently, new options in viable alternative treatments have 
been promoted experimentally. These include the injection 
of human acellular dermal matrix, a biologic plug consisting 
of dermis without cellular components.95 The graft serves as 
a scaffold that allows native cellular ingrowth and remodel-
ing. A healing rate at 6 months was 86%, however, failures 
were observed with longer follow-up of 3–6 months.

Permacol Injection™ (Covidien, Mansfield, MA) is a sus-
pension of cross-linked porcine dermal collagen matrix in 
saline. It is readily colonized by host tissue cells and blood 

Table 13-4. Results with anal Anal Fistula Plug™

Authors Year # Healed % Healed

Johnson et al.79 2006 12/15 87
Champagne et al.83 2006 38/46 83
Ellis84 2007 16/18 88
Schwandner et al.85 2007 37/60 62
van Koperen et al.86 2007 7/17 41
Lawes et al.87 2008 4/17 24
Garg88 2008 15/21 71
Thekkinkottil and Botterill89 2009 20/45 44
Christoforidis et al.90 2008 12/37 32
Safar et al.91 2009 5/36 13.9
Ortiz et al.92 2009 3/15 20
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vessels, minimizing infection. Although initially evaluated 
in a porcine model, there is one case report documenting its 
success in fistula healing.96 It is a liquid injected into the fis-
tula tract and all around the fistula. This may prove to be an 
effective first-line nonoperative procedure which remains to 
be evaluated in large trials.

Postoperative Care

Following the lay-open technique, patients are placed on 
regular diets, bulk agents and noncodeine-containing anal-
gesia. Patients are instructed to take frequent sitz baths to 
ensure perianal hygiene. Patients are evaluated at 2-week 
intervals to ensure that healing has occurred from the depths 
of the tract. Granulation tissue can be cauterized using silver 
nitrate sticks and cotton-tipped swabs are often used to probe 
the depths of the incision to ensure that adequate healing is 
occurring. Following the advancement flap technique, the 
Foley catheter is removed on the following day. Patients are 
discharged as soon as they can tolerate a diet.

Complications

Incontinence

Incontinence following fistulotomy depends both on the 
amount of muscle divided at operation as well as on preex-
isting sphincter damage and scarring of the anal canal.

Minor disorders of continence following fistulotomy 
have been reported to range from 18 to 52% while soiling 
and insufficiency have been reported in as many as 35–45% 
(Table 13-5).97,98,100–104 The occurrence of continence dis-
orders has been found to be related to the complexity of 
the fistula and to the level and location of the internal 
 opening.97

Patients with complicated fistulas, high openings, pos-
terior openings, and fistula extensions have been found to 
be at higher risk.97 In the treatment of complicated fistulas 
and those with high openings, more muscle is divided thus 

decreasing anal pressures while posterior fistula wounds have 
been associated with higher rates of incontinence because of 
their more circuitous routes.97 Drainage of extensions may 
accidentally damage small nerves and create more scar tis-
sue around the anorectum.97 If the edges of the fisulotomy 
wound do not approximate precisely, the anus may be unable 
to properly close, resulting in intermittent leakage of gas and 
stool.61 In addition to these factors, impaired continence was 
associated with increasing age97 and female gender.97,98 The 
latter is probably the result of partial anal sphincter disrup-
tion and/or traction injury to the pudendal nerves sustained 
during vaginal delivery.98

Although excellent results employing a seton have been 
reported,105 its use does not protect against the development 
of impaired continence.99 Minor continence disorders were 
reported in 73%,99 while Williams et al.106 reported minor dis-
turbances in 54%. Parks and Stitz64 found that minor incon-
tinence occurred in 39% with the two-stage approach versus 
17% when only the first stage was performed and the seton 
was removed rather than dividing the muscle. Major fecal 
incontinence was reported in 6.7%60 after a review of several 
series (Table 13-6).60,99,100,105–109 The degree of incontinence is 
thought to be influenced by the patient’s preoperative state of 
control as well as to how the anal wound heals.61 Analysis of 
data compiled in a recent literature search found that a 12% 
rate of incontinence with the rate increasing as the location 
of the internal opening moved more proximally.62 Excellent 
results with respect to continence have been reported with the 
use of the advancement flap69 although recent reports have 
observed disturbances in continence in 9–35%,110,111 attrib-
uted to over-stretching of the sphincters by self-retaining 
retractors. Disruption of the internal sphincter also occurs if 
some internal sphincter fibers are developed with the flap.112

As would be expected, continence is unaffected with the 
use of fibrin glue and the fistula plug. In a study that looked 
at changes in anorectal morphologic and functional param-
eters after fistula surgery, it was found that fistulotomy and 
advancement flaps were most associated with changes in 
internal anal sphincter defects with decreased resting and 
squeeze pressure on manometry noted after fistulotomy while 
rectal advancement flaps were associated with decrease in 
resting pressure.113 It therefore behooves the surgeon to rec-
ognize preexisting sphincter defects by endoanal ultrasound 
prior to embarking on fistula surgery.113

Table 13-5. Results of fistula surgery

Authors Year #Patients % Recurrence % Incontinence

Marks and  
Ritchie97

1977 793 – 3, 17, 25a

Vasilevsky and  
Gordon98

1985 160 6.3 0.7, 2.0, 3.3b

Van Tets and  
Kuijpers99

1994 19 – 33.0

Sangwan98 1994 461 6.5 2.8
Garcia-Aguilar  
et al.100

1996 293 7.0 42.0

Mylonakis et al.101 2001 100 3.0 6.0, 3.0 
c

Malouf et al.102 2002 98 4.0 10
Westerterp et al.103 2003 60 0 50

a 3% solid stool, 17% liquid stool, 25% flatus.
b 0.7% solid stool, 2.0% liquid stool, 3.3% flatus.
c 0 solid stool, 6.0% soiling, 3,0% gas.

Table 13-6. Results of staged fistulotomy using a seton

Authors Year Recurrence (%) Incontinence (%)

Ramanujam et al.105 1983 1/45 (2) 1/45 (2)
Fasth et al.107 1990 0/7 (0) 0/7 (0)
Williams et al.106 1991 2/28 (8) 1/24 (4)
Pearl et al.60 1993 3/116 (3) 5/116 (5)
Van Tets and Kuijpers99 1994 – 15/29 (54)
Graf et al.108 1995 2/25 (8) 11/25 (44)
Garcia-Aguilar et al.100 1996 6/63 (9) 39/61(64)
Hasegawa et al.109 2000 8/32 (25) 15/32 (4.8)
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Recurrence

Recurrence rates following fistulotomy range from 0 to 
18%.97 Causes include failure to identify a primary opening 
or recognize lateral or upward extensions of a fistula.98,104 
Inability to locate the primary opening may imply a circu-
itous tract, spontaneous closure of the primary opening or a 
microscopic opening.104 The presence of secondary tracts98 
which can be easily missed accounted for early recurrence 
in 20%.104 Premature closure of the fistulotomy wound can 
be obviated by producing an external wound twice the size 
of the anal wound resulting in proper healing of the internal 
wound prior to the external wound.98 Diligent postoperative 
care can also reduce recurrence rates by avoiding bridging 
and pocketing of the wound.114 Epithelialization of the fistula 
tract from internal or external openings rather than chronic 
infection of an anal gland has also been suggested as the 
cause of a persistent anal fistula.115

Recurrence rates following staged repairs utilizing a seton 
range from 0 to 29%.59

Although recurrence rates following anorectal advance-
ment flaps were initially reported to be low, with long-term 
follow-up, recurrence rates of 40% have been reported.111 
Recurrence can be minimized provided that care has been 
taken to avoid necrosis or retraction of the flap. The use of 
full-thickness rectal wall has been advocated to prevent isch-
emic necrosis of the flap.116

Early postoperative complications that have been reported 
following fistula surgery include urinary retention, hemor-
rhage, fecal impaction, and thrombosed external hemor-
rhoids which were found to occur in less than 6% of cases.19 
Late complications, such as pain, bleeding, pruritus, and poor 
wound healing have been reported in 9% of patients.66 Anal 
stenosis may occur and is usually the result of loose stools 
allowing healing of the anal canal by scar contracture.40 
Mucosal prolapse due to extensive division of sphincter 
muscle may also occur and can be treated by band ligation, 
sclerosis, or excision.66 With attention to both operative 
detail and postoperative follow-up, these complications can 
be reduced to a minimum.

Special Considerations

Crohn’s Disease

Anal fistulas are the most difficult and challenging complica-
tion of Crohn’s disease to manage. They constitute the most 
common perianal manifestations, occurring in 6–34% of 
patients.117 The location of Crohn’s disease in the bowel has 
an impact on the frequency of fistulas. Patients with colonic 
Crohn’s have a higher incidence with the rate approaching 
100% in those with rectal Crohn’s.118

As discussed previously, patients with Crohn’s disease 
should undergo sigmoidoscopy, colonoscopy, and small 

bowel  follow through to determine the extent of disease. 
 Delineation of the fistulous tract is especially important 
in Crohn’s disease since many fistulas may be complex in 
nature. In this context, endoanal ultrasound has been found to 
be as useful as MRI. MRI has been found to detect abscesses 
that were clinically unsuspected on clinical exam and has 
been helpful in determining the relationship of the fistulous 
tract to the sphincter muscles.119

Therapeutic goals in managing anorectal fistulas in Crohn’s 
disease remain the alleviation of symptoms and preservation 
of continence. Surgical treatment of fistulas is associated 
with poor and delayed wound healing and with the risk of 
sphincter injury. Alexander-Williams120 stated that, “Inconti-
nence is likely to be the result of aggressive surgeons, not of 
aggressive disease.” A conservative approach has therefore 
been advocated, especially since 38% of such fistulas have 
been reported to heal spontaneously without any surgical 
intervention. Medications used in the treatment of fistulas 
include antibiotics such as metronidazole and ciprofloxacin 
and immunomodulators such as corticosteroids, 6 mercap-
topurine (MP), azathioprine, and infliximab. Although sev-
eral studies have reported spontaneous closure of fistulas in 
34–50% of patients treated with metronidazole, improvement 
is usually seen after 6–8 weeks of treatment with relapses 
common once the medication is discontinued.118 A recent 
placebo-controlled trial comparing a 10-week course of 
metronidazole, ciprofloxacillin, and placebo in patients with 
perianal Crohn’s disease found a 40% response in the cipro-
floxacillin group compared to 14.3% in the metronidazole 
group and 12.5% in the placebo group. These differences, 
however, were not significant.121 In another study, 6MP and 
azathioprine were found to be efficacious in only one third 
of patients with fistulizing perianal disease.122 These effects 
seemed unrelated to their effects on intestinal disease. The 
authors concluded that their results did not support the use of 
these medications solely for the improvement of perianal dis-
ease. The use of infliximab has been associated with a 62% 
reduction in draining fistulas.123 The combination of inflix-
imab and 6MP may prolong the effect of initial infliximab 
treatment on fistula closure.124 Selective seton placement 
combined with infusion of infliximab and maintenance ther-
apy with azathioprine or methotrexate resulted in complete 
healing in 67% with Crohn’s fistulas in a recently reported 
retrospective study.125 Maintenance therapy with infliximab 
has been reported to result in the absence of draining fistulas 
in 36% of patients compared to 19% in placebo patients at 
54-week follow-up.126

Although fistulas may occur in as many as 73% of 
patients after previous abscess drainage, it is imperative that 
primary fistulotomy not be performed because of the high 
risk of creating false passages and injuring the sphincter 
mechanism.117 Asymptomatic fistulas require no treatment. 
Low fistulas with simple tracts can be managed with the 
standard lay-open method in the absence of active proctitis. 
Successful outcome as gauged by healing has been reported 
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to occur in 42–100%, mostly in the 70–80% range of pro-
cedures.127

Fistulotomy has been associated with prolonged heal-
ing.128 Factors associated with delayed healing are rectal 
involvement;12,100 anorectal complications, especially stric-
tures;129 and the presence or absence of an internal open-
ing.129 Successful healing has occurred in patients with a 
classic internal opening at the dentate line and in those with-
out rectal involvement129 although Halme and Sainio128 found 
that delayed healing occurred in 80% of patients despite the 
presence of a normal rectum and Van Dongen and Lubbers130 
found no difference in healing even in the presence of rectal 
involvement. Nonetheless, initial therapy should be directed 
at resolving inflammation in the rectum. This can be accom-
plished with the use of topical steroid or 5-acetylsalycylic 
enemas or suppositories. In addition, oral medication may 
be necessary.

Incontinence has been reported in patients with procti-
tis who have not undergone anal surgery.130 A patient with 
severe rectal involvement and even a simple low fistula is not 
a candidate for fistulotomy. Division of any sphincter muscle 
in this situation may result in frank incontinence because the 
noncompliant rectum acts as a conduit rather than as a res-
ervoir. Continence problems have been reported in 25% of 
patients after simple incision and drainage of abscesses dur-
ing which the sphincter mechanism has not been touched.130 
Allan and Keighley131 reported a 50% frequency of major 
fecal incontinence and minor incontinence has been described 
in 33% of patients who have undergone only simple drain-
age or local surgery.128 It is thought that diarrhea from either 
associated intestinal involvement or multiple previous small 
bowel resections is important in control disorders in these 
patients.117,128,130 Appropriate medical therapy should be 
employed to control the diarrhea.

Complex fistulas with high rectal openings might best be 
managed conservatively because impaired continence may 
certainly result if the sphincter muscle is divided. Eradication 
of the fistula in this situation may not be possible because 
of the complexity of the tracts. Seton placement has been 
advocated to promote drainage, limit recurrent suppuration, 
and preserve sphincter function.132 Rectal advancement flaps 
have been used in the absence of severe rectal disease.133 
These have been found to succeed in patients without con-
comitant small bowel Crohn’s.134

The importance of quiescent intestinal disease for suc-
cessful outcome of local fistula surgery has been suggested, 
but not generally accepted and practical. Proximal fecal 
diversion has also been suggested as an option to ameliorate 
severe perianal disease since diversion of the fecal stream 
may reduce perianal inflammation.135 However, improve-
ment is temporary because fistulas reactivate following res-
toration of intestinal continuity.14

Complicated fistulas are more likely to recur due to the 
reluctance of the surgeon to divide sphincter muscle. The 
use of a long-term in-dwelling seton as a drain is therefore 

recommended.132 Fistula recurrence may be as high a 39% 
following the removal of the seton and may necessitate the 
use of concomitant medical therapy.117 The use of a rectal 
advancement flap has been successful; however, breakdown 
is possible because of sepsis.133 In patients with mild procti-
tis, a 20% success rate has been reported.133 The presence of 
a protective stoma in this situation does not guarantee suc-
cess, with failure reported in 55% of patients.133 A covering 
stoma may be beneficial in the patient who has undergone 
multiple unsuccessful repairs.115

Disappointing results with standard treatment of anal fis-
tulas has led to the use of noninvasive procedures, such as 
the fibrin glue and the AFP™ in the armamentarium of treat-
ing fistulous Crohn’s disease.136,137 A closure rate of 60% has 
been reported in one study with the use of fibrin glue. This 
may also be combined with an endorectal advancement flap 
in the absence of rectal involvement. Excellent short-term 
success rates of 77–83% have also been associated with the 
use of the AFP without alteration in continence.83,138 Many 
fistulas may require repeat fistulotomy to achieve complete 
healing or repeat injections of fibrin glue or repeated use of 
the plug.128

A novel approach reported on recently is the use of mesen-
chymal adipose stem cells used to stimulate fistula closure.139 
In a randomized controlled trial comparing adipose-derived 
stem cells and fibrin glue to fibrin glue alone, the fistula 
closed in 71% in the stem cell group compared to 16% in the 
fibrin glue group.138 For severe intractable disease, an inter-
sphincteric proctectomy may ultimately become necessary. 
The intersphincteric technique reduces the size of the result-
ing wound and reduces the incidence of unhealed sinuses.

Fistula-in-ano in the HIV Positive Patient

Anal fistulas are prevalent in the anoreceptive HIV positive 
individual.140 Disturbed locoregional defenses may allow 
infection to occur.141 Although anal fistulas in HIV positive 
patients arise from the dentate line similar to those in HIV 
negative patients, they are more likely to have incomplete anal 
fistulas leading to blind sinus tracts.142 Concern for wound 
healing has tempered enthusiasm for operative intervention. 
However, selective operative management results in a high 
rate of complete or partial wound healing with symptomatic 
relief without excessive morbidity or mortality.142 Severity of 
illness must be assessed prior to operative intervention since 
patients with more advanced disease are less likely to heal 
their wounds. Data are conflicting as to whether preoperative 
CD4+ lymphocyte counts can be related to poor wound heal-
ing,142 however, Consten31 found that low CD4+ lymphocyte 
counts in patients with perianal sepsis were a risk factor for 
disturbed wound healing. Use of Highly Active Antiviral 
Therapy (HAART) may reduce the incidence of opportunis-
tic infections and anorectal disease and aid healing.142
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Asymptomatic fistulas require no treatment.  Perioperative 
antibiotic therapy over a 5-day course has been recom-
mended because of the high risk of infectious complica-
tions.142 Care should be exercised to avoid creation of large 
wounds and to preserve as much sphincter muscle as pos-
sible since these patients may be prone to diarrhea which 
may overwhelm a partially divided sphincter.142 In patients 
who are good operative risks, fistulotomy is appropriate in 
patients with intersphincteric or low transsphincteric fistu-
las. For high or complex fistulas as well as for those patients 
who are poor operative risks, liberal use of draining setons 
is recommended.40,142 It is important to realize that cellulitis 
may be seen with a fistula without concomitant underlying 
exudates.142 Metastatic abscesses to other organs, includ-
ing brain, liver, and mediastinum have been reported with 
asymptomatic perianal fistulas.31 Healing has been reported 
in 55–80% of patients.36,142

Mucinous Adenocarcinoma Arising  
from a Fistula-in-ano

Mucinous adenocarcinoma carcinoma arising from an anal 
fistula is an extremely rare entity with a handful of cases 
having been reported in the literature.143,144 It is associated 
with a longstanding fistula-in-ano and the chronic inflamma-
tory changes associated with it. Diagnostic criteria include: 
(1) The fistula should antedate the carcinoma by 10 years; 
(2) The only tumor present should be secondary to direct 
extension from the carcinoma into the fistula; (3) The inter-
nal opening should be in the anal canal and not into the 
tumor itself.145

Early diagnosis is difficult since the lesion may be 
obscured within the ischioanal fossa or perineum. Patients 
do not have bleeding and digital exam may only reveal 
induration at the site of the fistula. MRI is the most help-
ful diagnostic tool with several characteristics having been 
identified. These include pools of extracellular mucin lined 
by columns of malignant cells, cords, and vessels which pro-
duce a mesh-like structure146 and the presence of a fistula 
between the mass and the anus.147 Management has tradition-
ally consisted of abdominoperineal resection; however, more 
recently improved survival rates have been reported from 
combined pre- and postoperative chemoradiation or from 
chemoradiation alone, reserving abdominoperineal resection 
as a salvage procedure.147

Rectourethral Fistulas

Pathophysiology

Rectourethral fistulas are rare but devastating complications 
that may occur following radical open or laparoscopic pros-
tatectomy, radiation treatment for prostate cancer, trauma, and 

recurrent perineal abscess of cryptoglandular origin or due to 
Crohn’s disease or following treatment with radiofrequency 
hyperthermia for benign prostatic hypertrophy. The prostatic 
urethra is the most common site for fistulization to occur since 
this portion of the urethra is adjacent to the rectal wall.

Evaluation and Treatment

Symptoms

The most common symptoms include leakage of urine 
through the rectum during voiding, pneumaturia, and fecalu-
ria. These symptoms tend to occur during the early postoper-
ative period following prostatectomy. In addition, recurrent 
urinary tract infections resistant to antibiotic treatment fol-
lowing one of the aforementioned causes should suggest this 
diagnosis.

Investigations

PSA determination should be done to rule out recurrence 
of carcinoma. Digital rectal examination should always be 
performed to determine if there is any anorectal pathology 
that could be the cause. Sigmoidoscopy shows the fistula 
opening which is located on the anterior rectal wall and in 
addition rule out rectal pathology as a source. Cystoscopy 
and retrograde urethral cystography should be performed to 
determine the presence of a urethral stricture. Assessment 
of urinary continence should be done prior to any attempt at 
surgical repair.

Operative Treatment

Operative repair of rectourethral fistulas is challenging due 
to technical difficulties that are often encountered due to dif-
ficult exposure. Multiple repairs have been developed but 
there is no consensus as to which is best. Traditionally, it has 
been suggested that the first attempt at repair is the best and 
that subsequent repairs become more difficult.148

Rectal injury during laparoscopic radical prostatectomy 
may be repaired laparoscopically.149 Most importantly, they 
must be recognized at the time of injury. Small fistulas can 
be managed conservatively with an indwelling foley cath-
eter.150 Treatment consisting of fecal diversion with either 
colostomy or ileostomy and urinary diversion with supra-
pubic catheterization under cover of antibiotics has been 
described in the management of rectourethral fistulas sec-
ondary to radiation when the urethral defect has been found 
to be too large to repair. This has been associated with bouts 
of recurrent sepsis and persistent symptoms.150

Transabdominal Approach

The transabdominal approach combines the use of abdomi-
noanal pullthrough in combination with omental interposition. 
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Difficulties with this procedure include limited exposure 
deep in the male pelvis making closure of the urethral defect 
very difficult. A fenestrated splinting catheter apposed to the 
omentum has been used when leaving the prostatic defect 
open. Complications associated with this approach include 
impotence and urethral stricture.151

Perineal Approach

Perineal approaches using the gracilis muscle, dartos, or 
Martius flap have all been described. The most popular and 
easiest involves the use of a rotation flap of the gracilis mus-
cle due to its ease of mobilization and its sufficient length. 
Several principles important for repair include excision of the 
fistula, development of layers on the urinary and rectal sides 
of the fistula and closure of nonoverlapping suture lines with 
interposition of the levators, when possible. Placement of 
the gracilis muscle between the rectum and the urethra pro-
vides well-vascularized tissue as an interface between these 
two surfaces allowing healing to occur. Several studies have 
documented from 97 to 100% success rates with the employ-
ment of the gracilis interposition.152–154 Complications with 
this procedure include urinary incontinence and stricture as 
well as complications associated with the muscle harvest.

Anterior Transanorectal Approach

In this approach, a midline perineal incision is deepened 
by incising all structures superficial to the prostatic capsule 
which include the superficial perineal fascia, the central ten-
don of the perineum and the internal and external sphinc-
ters.154 This approach allows better access in the repair of 
complicated membranoprostatic fistulas with the preserva-
tion of continence and erectile function.

Peranal Approach

This approach has the theoretical advantages of minimal 
scarring and fewer wound infections although it suffers 
from limited exposure. Initially described by Parks and Mot-
son,155 it involves the use of a full thickness advancement of 
anterior rectal wall protected by diverting colosotomy. Suc-
cess rates of 83% have recently been reported when com-
bined with fecal diversion, urinary diversion, both, or none 
at all.155 Success rates have been found to be higher when the 
flap was done for fistulas secondary to iatrogenic causes or 
trauma as opposed to Crohn’s disease.155 Advancement flap 
repair can be achieved with minimal morbidity and good 
postoperative quality of life without compromise to future 
interventions if needed.

Kraske Laterosacral Approach

This approach provides excellent exposure without division 
of the sphincter mechanism. The need to excise two to three 
sacral segments as well as the nerves, muscles, and ligaments 
around them pose a disadvantage.156

York Mason (Transsphincteric) Approach

This approach affords a rapid, bloodless exposure through 
fresh territory and allows for complete separation of the uri-
nary and fecal streams. It avoids the neurovascular bundles 
and pelvic floor structures essential in maintaining con-
tinence and sexual function. It may be performed in com-
bination with a diverting colostomy or a so-called medical 
colostomy consisting of mechanical preparation and postop-
erative elemental diet.

It has been associated with longer operative times and 
more postoperative pain than the other procedures mentioned 
but has a reported 100% success rate.157

Transanal Endoscopic Microsurgery

This highly specialized technique allows for a meticulous 
two-layer closure of the rectal wall and may be combined with 
transurethral fulguration of the opposite urethral opening of 
the fistula.158 There has been no reported morbidity associated 
with this procedure although experience is very limited.

Cystectomy and Ileal Conduit

Cystectomy and ileal conduit may be considered for those 
patients with a low probability of success in resolving the 
fistula or in maintenance of urinary continence.148
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14
Benign Anorectal and Rectovaginal Fistulas
David A. Etzioni and Ann C. Lowry

Introduction

Although infrequently life-threatening, rectovaginal fistulas 
are an aggravation to both patients and surgeons. Passing fla-
tus or stool through the vagina is understandably distressing 
to patients; the lack of a uniformly successful repair is frus-
trating to surgeons.

Etiology

Rectovaginal fistulas arise from a broad range of causes, and 
may be congenital or acquired. Congenital rectovaginal fis-
tulas are outside the scope of this chapter.

Obstetrical injury is the most frequent cause of acquired 
rectovaginal fistulas. In general, immediate repair is the 
treatment of choice after a third or fourth-degree laceration. 
After an obstetrical injury the fistula may manifest immedi-
ately but more commonly appears 7–10 days after delivery. 
Inadequate repair, breakdown of the repair or infection may 
result in fistula formation. In developed nations, rectovagi-
nal fistulas occur after 0.06–0.1% of vaginal deliveries.1–3 In 
developing countries, the incidence of rectovaginal and vesi-
covaginal fistula after childbirth is almost three times higher, 
with more than half of these fistulas being larger than 4 cm 
in diameter.4,5 In these countries prolonged labor, causing 
necrosis of the rectovaginal septum, leads to the formation 
of a fistula. The resultant social stigma generates significant 
suffering for these women who have limited access to treat-
ment.6

Infectious and inflammatory disease processes may also 
cause rectovaginal fistulas. The most common infectious 
cause is cryptoglandular infection with an abscess that spon-
taneously drains into the vagina. Women with inflammatory 
bowel disease (IBD) – more commonly Crohn’s disease than 
ulcerative colitis – develop spontaneous rectovaginal fis-
tulas with some frequency. In a population-based study of 
patients with Crohn’s disease in Olmsted County, 8 of 169 
patients developed a rectovaginal fistula.7 In a similar study 

of patients in St. Mark’s Hospital, 90 of the 886 women with 
Crohn’s disease and an intact rectum developed a rectovagi-
nal fistula during a 30-year follow-up.8

Operative and nonoperative trauma may also result in a 
rectovaginal fistula. Complications of rectal or vaginal sur-
gery usually result in fistulas opening low in the rectum. 
High fistulas are most frequently complications of stapled 
anastomoses. In one series of 140 patients undergoing low 
anterior resection for rectal carcinoma four (2.9%) devel-
oped a rectovaginal fistula.9 Rectovaginal fistula is also 
reported after stapled transanal resection for obstructed def-
ecation syndrome, stapled hemorroidopexy, and in 3–12% 
of patients undergoing an ileoanal pouch procedure.10–16 Fis-
tulas have also been documented after dilatation of a radi-
ated vaginal cuff, fecal impaction, viral/bacterial infection 
in human immunodeficiency virus (HIV) patients, sexual 
assault, and spontaneously in patients undergoing treatment 
with antiangiogenic chemotherapeutics.17–24 Finally, anorec-
tal and gynecologic malignancies may result in fistulas due 
to local extension of the tumor or secondary to treatment 
with radiotherapy.

Evaluation

Initial evaluation of a woman with a known or suspected rec-
tovaginal fistula should focus first on confirming the pres-
ence of a fistula, and subsequently on evaluating the anatomy 
of the fistula and the integrity of the surrounding tissues. The 
specific types of investigations required vary mainly accord-
ing to the underlying etiology of the fistula.

History

Several important aspects of a woman’s history may have a 
significant impact on a patient’s workup and selection of surgi-
cal treatment. Any history of anorectal or gynecologic malig-
nancy should prompt a thorough investigation for recurrence, 
both in the rectovaginal septum and pelvis. Prior treatment 
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with radiation should be specifically elicited. Issues related to 
continence should also be documented. If the mechanism of 
injury is childbirth, the patient with a fistula is at significant 
risk of a sphincter defect. In a review by the University of Min-
nesota, 48% of women with rectovaginal fistulas complained 
of incontinence preoperatively.25 Bowel function as well as 
signs/symptoms of IBD should also be targeted as possible 
areas for workup and preoperative optimization. Evaluation 
of the intestinal tract by colonoscopy and contrast studies is 
indicated in patients with known or suspected IBD.

Physical Examination

Information obtained from physical examination is critical 
to the evaluation and surgical decision-making for women 
with rectovaginal fistula. During the initial examination, the 
possibility of local sepsis should be considered. Findings 
of fluctuance, cellulitis, or any other harbingers of active 
infection should prompt an exam under anesthesia and 
drainage with or without placement of seton(s). Any mass 
lesion discovered on exam should be biopsied to evaluate 
for malignancy. In patients with a prior history of anorectal 
or gynecologic malignancy, the threshold for a biopsy should 
be especially low. In patients with a history of radiation treat-
ment for malignancy an examination under anesthesia with 
biopsies is often necessary.

The site of rectovaginal fistula can usually be readily 
identified on digital examination as a palpable dimple in the 
anterior midline. Multiple perianal fistulas suggest Crohn’s 
disease as the etiology. The rectal opening is frequently vis-
ible on anoscopy, but in some women the diagnosis may be 
elusive. A methylene blue test may confirm the presence of a 
communication and aid in locating the site. During this test, 
the patient is placed in prone position and a vaginal tampon 
is inserted; a 20–30-ml enema colored with methylene blue 
is then administered. Staining on the tampon is diagnostic of 
a rectovaginal fistula, assuming no spillage of dye. Alterna-
tively, saline can be instilled in the vagina with the patient in 
the lithotomy position. The rectum is then insufflated with 
air and the vagina observed for bubbles.

A patient’s sphincter function should also be assessed 
during the physical examination. Patients with clinically sig-
nificant sphincter interruption may benefit from a surgical 
approach which encompasses a sphincter repair.

Radiography

Radiographic tests may help identify an elusive fistula. Vagi-
nography can detect fistulas that are obscure to the maneuvers 
described above, and gives objective determination of fistula 
location. It is performed by instilling contrast into the vagina 
through a Foley catheter with the balloon inflated to occlude 
the vaginal opening. The technique has a sensitivity of 
79–100% for the detection of the fistula tract.  Vaginography 
is most helpful for colovaginal and enterovaginal  fistulas; it 
is less useful for low rectovaginal fistulas.26,27

Computed tomography (CT) scans may identify the  fistula 
tract and characterize the surrounding tissue. Contrast mate-
rial in the vagina after oral or rectal administration is diag-
nostic of a fistula. Suggestive evidence includes air or fluid 
in the vagina if there is no history of recent instrumentation. 
Magnetic resonance imaging (MRI) and endorectal ultra-
sound are also useful in identifying fistulas; the injection of 
hydrogen peroxide into fistulas has been shown to increase 
the yield of ultrasonography.28 At present there is no clear 
“best” radiologic test to detect elusive fistulas. Since results 
are likely highly operator-dependent, local expertise should 
be considered when selecting a test.

Endoanal ultrasound and MRI also have an important 
role in assessing the structural integrity of the anal sphinc-
ter. One study found that 100% of women presenting with 
an obstetric rectovaginal fistula had evidence of an anterior 
sphincter defect.29 Symptoms of the fistula frequently mask 
anal incontinence; failure to study the sphincter may lead to 
a poor choice of repair and persistent incontinence postop-
eratively.25,30 Endoanal ultrasound and MRI are reported to 
be essentially equivalent in detection of a sphincter defect.31

MRI, CT, and endosonography also have a role in evaluat-
ing for the presence of local sepsis. MRI appears to be more 
accurate than ultrasound for this purpose, but its superiority 
to CT has not been demonstrated.32 Ultrasonography may be 
a useful tool for intraoperative radiologic guidance for drain-
age of complex abscesses.33

Classification

A variety of classification systems exist for rectovaginal fis-
tulas. Each has importance in terms of generating aspects of 
the patient’s workup and treatment.

Fistula Height

Daniels classified fistulas by their location along the rec-
tovaginal septum as low, middle, or high.34 With low fistu-
las, the rectal opening is at the dentate line and the vaginal 
opening just inside the vaginal fourchette. The vaginal open-
ing is at or near the cervix in high fistulas. Middle fistulas 
are located between high and low fistulas. In general, high 
fistulas are more likely to require laparotomy; perineal 
approaches are appropriate for most low and middle fistulas. 
Fistulas may also be classified by the location of the rec-
tal opening. Ones opening at the dentate line or above are 
considered rectovaginal fistulas; fistulas opening below the 
dentate line as “anovaginal fistulas.” The use of this clas-
sification is quite inconsistent and has not translated to clear 
differences in etiology or surgical approach.

Simple vs. Complex Fistulas

Another system classifies fistulas as simple vs. complex.35 
Simple fistulas are small (<2.5 cm), low and secondary to 
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trauma or infection. Complex fistulas are large, high, caused 
by IBD, radiation or malignancy, or persistent after failed 
repair(s). This system has some utility in directing surgical 
decision-making because it reflects the status of the local 
tissue. Simple fistulas are more amenable to local repairs, 
whereas complex fistulas are more likely to require resection 
or interposition. Fecal diversion is a consideration for com-
plex fistulas but rarely, if ever, necessary for simple fistulas.

Surgical Management

In this section, we will catalog the main options for surgical 
treatment. The following section will discuss the main con-
siderations that should drive decision-making regarding the 
choice of procedure.

General Considerations

Patients undergo mechanical and antibiotic preparation pre-
operatively. Most procedures require general anesthesia, 
although some repairs may be performed under regional anes-
thesia. A urinary catheter is inserted. Prone jackknife position 
with taping of the buttocks provides the best exposure for 
transanal and perineal approaches, while lithotomy position 
is better for transvaginal repairs. A well-functioning head-
light is critical. Depending on the procedure at hand, opera-
tive exposure may be greatly facilitated by access to a Lone 
Star retractor, Pratt bivalve or Fansler anoscope, Wylie renal 
vein retractors, and narrow Deaver or malleable retractors.

Fistulotomy

Simple fistulotomy is an option for only a very select group 
of rectovaginal fistulas. Patients who may benefit more than 
be harmed by this approach have very low fistulas with no 
(or vanishingly little) sphincter involvement. Fistulotomy 
should be avoided in other rectovaginal fistulas due to the 
risk of incontinence.

Fibrin Sealant

A significant body of experience has been accumulated 
regarding the efficacy of fibrin glue instillation for various 
types of fistula-in-ano. The technique is straightforward, 
requiring the gentle curettage of the fistula, followed by 
injection of an admixture of cryoprecipitate and thrombin. 
Success rates for fistula-in-ano vary widely, ranging from 31 
to 61%.36,37 An interesting approach – adding fibrin glue to 
mucosal advancement flap repair was analyzed by Ellis and 
Clark38 with similar outcomes.

The accumulated experience in using fibrin glue for rec-
tovaginal fistulas is more limited. Abel et al.39 reported 
healing in three of five patients, and Venkatesh and Ramanu-
jam40 reported success in six of eight patients. These series 
are too small to yield stable estimates regarding the true 

effectiveness of fibrin glue for rectovaginal fistulas. 
 Unpublished experience with fibrin sealant has not yet 
matched the enthusiasm and success rates of these initial 
reports. The approach has appeal mainly in that the risk (in 
terms of injury to surrounding tissues) is minimal, and the 
success rate appears to be greater than zero.

Mucosal Advancement Flaps

Mucosal advancement flaps aim to eradicate rectovaginal 
fistulas by occluding one side or the other of the tract with 
healthy epithelial tissue. The approach can be undertaken 
either transanally or vaginally. The transanal approach is 
intuitively preferable in that the repair is on the high pres-
sure side of the fistula. With the patient in the prone jack-
knife position and adequate exposure, a U-shaped flap of 
mucosa, submucosa, and circular muscle is raised for a dis-
tance sufficient to allow a tension-free repair (usually 
4–5 cm). Dissection should generate a flap with a base two 
to three times wider than the apex. The fistula tract is debri-
ded (not excised), and the muscles are approximated over 
the fistula opening with long-acting absorbable suture in 1–2 
layers. Distally, the end of the flap including the fistula site 
is excised and the flap sutured in place; the vaginal side is 
left open for drainage (Figure 14-1). Patients typically 
resume a normal diet with fiber supplements to prevent con-
stipation. Diarrhea must also be controlled as it will affect 
healing as much as constipation. Postdischarge instructions 
should include avoiding intercourse and the use of tampons 
for 6 weeks.

A vaginal approach is performed in similar fashion, with 
an incision in the posterior vaginal wall near the introitus. 
A flap of vaginal wall is raised laterally to the ischial tuber-
osities to provide adequate mobility. The vaginal and rectal 
defects are closed with absorbable sutures, and the levator 
ani muscles are approximated in the midline; this portion 
of the repair is felt to be critical to its success. Absorbable 
suture are then used to suture the vaginal flap in place.

The success rates of endorectal and vaginal advancement 
flaps for rectovaginal fistulas have been reported widely in 
the literature (Table 14-1). Variations in outcomes are likely 
attributable more to the small size of these series than any 
underlying patient or technical factor. Differences in length 
of follow-up are also important, as fistulas may recur more 
than 4 years postrepair.58 Importantly, success rates are 
measured in terms of fistula closure, and measures of con-
tinence are rarely included. Studies examining advancement 
flaps in the treatment of patients with fistula-in-ano docu-
ment disturbances to continence in 21–40% of patients.52,53,56 
The lack of standardized measures of continence in these 
reports makes objective comparison challenging, however. 
Several technical modifications have been attempted with 
the goal of improving success rates with advancement flaps. 
One group of investigators added labial fat transposition to 
endorectal advancement flap but had outcomes no differ-
ent from an advancement flap alone.54 At least two early 
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reports documented the successful use of transanal endo-
scopic microsurgery (TEM) to facilitate mucosal flap repair 
for rectovaginal fistula.59,60 Interestingly, smoking has been 
linked to failure of endorectal advancement flaps, possibly 
the result of impairments in mucosal blood flow.61,62 It is 
not known whether smoking cessation prior to surgery can 
increase rates of success.

Retrograde anocutaneous flaps are an option for very low 
rectovaginal fistulas. A flap of anoderm and perineal skin is 
raised and advanced into the anal canal. After the fistula is 
debrided, the flap is sutured into place.63 A similar approach 
has also been utilized on the vaginal side in conjunction with 
an endoanal advancement flap.64 Only a small number of 
cases have been reported with either technique.

Table 14-1. Results of endorectal advancement flaps

Author Year Number of patients Success (%) Comments

Greenwald et al.41 1978 20 100 Tract excised, layered closure under flap
Hoexter et al.42 1985 15 100 Repair as above
Wise et al.43 1991 40 85 15 concomitant sphincteroplasty
Lowry et al.44 1991 85 78 25 concomitant sphincteroplasty
Kodner et al.45 1993 71 93 Unknown # sphincteroplasty
Khanduja et al.30 1994 16 100 Patients without incontinence
MacRae et al.46 1995 28 29 50% obstetric, previous failed repairs
Mazier et al.47 1995 19 95 67% simple
Watson and Phillips48 1995 12 58 Ultimate success 83%, 25% stomas
Tsang et al.25 1998 27 41 All obstetric
Hyman49 1999 12 91 Etiology not reported
Joo et al.50 1998 20 75 Ultimate success, all Crohn’s
Baig et al.51 2000 19 74 7 concomitant sphincteroplasty
Mizrahi et al.52 2002 32 56 Mixture of etiologies
Sonoda et al.53 2002 37 43 Mixture of etiologies
Zimmerman et al.54 2002 21 48 6 concomitant sphincteroplasty

12 labial flap transposition
Casadesus et al.55 2006 12 75 Vaginal advancement flap
Uribe et al.56 2007 56 93 Endorectal advancement flaps; four failures successfully re-repaired
Abbas et al.57 2008 8 50 All were recurrent prior to repair

Figure 14-1. Endorectal advancement flap.
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Fistulectomy with Layered Closure

Another option that can be approached through the rectum, 
vagina, or perineum is excision of the fistula tract. An ellip-
tical incision is made around the fistula and mucosal flaps 
are raised for 2–3 cm. The fistula is excised in its entirety. 
Vaginal mucosa, rectovaginal septum, rectal muscle, and 
rectal mucosa are closed in succession. Plication of the leva-
tor muscles is added by some surgeons. If done through the 
perineum, a transverse incision is made and extended down 
to the fistula tract. The fistula is then cored out of the rectal 
and vaginal walls and a layered closure performed. Using 
layered closure, successful repair is reported in 88–100% of 
patients in several small series.65–68

Rectal Sleeve Advancement

Rectal sleeve advancement involves the circumferential 
mobilization of the distal rectum and advancement to cover 
the anorectal side of a fistula. This technique is reserved for 
situations where there is a rectovaginal fistula and co-existing 
diffuse disease in the proximal anal canal and/or distal rec-
tum. Simmang et al.69 emphasized that this approach is useful 
for someone with a rectovaginal fistula and an anal stricture, 
as both problems will be corrected with the procedure.

Technically, the procedure is performed using a circumfer-
ential incision at the dentate line which is deepened through 
the submucosa into the internal sphincter. This plane is con-
tinued cephalad, becoming full thickness above the anorectal 
ring. Mobilization continues until healthy, nonscarred tissue 
is reached and that tissue can be pulled down to the den-
tate line without tension. The remaining diseased anorectal 
mucosa is pulled through the anal canal, and excised; healthy 
rectum is then sutured to anoderm below the dentate line. In 
a series of five patients with rectovaginal fistulas and Crohn’s 
disease reported by the Cleveland Clinic, all three of the 
patients with fecal diversion healed.70 One patient required 
two rectal sleeve advancements before healing occurred. Of 
the two patients without fecal diversion, one healed.

Two variations of the sleeve advancement deserve men-
tion. Schouten and Oom71 reported using a Kraske approach 
to sleeve advancement for six women with rectovaginal 
 fistulas after prior failed treatment; they reported success 
with five. A second variation of the sleeve advancement 
technique is the modified Noble–Mengert–Fish technique.72 
With this method the full thickness of the anterior rectal wall 
is mobilized. A curvilinear incision is made at the mucocuta-
neous junction over the anterior 180° of the anal canal. The 
dissection continues until the rectovaginal septum is entered. 
The superior limit is the vault of the vagina; the lateral mar-
gin is the full width of the rectovaginal space. There needs 
to be adequate dissection to ensure that the flap will reach 
the area of the external sphincter without tension. The flap is 
then anchored to the external anal sphincter and the perineal 
skin forming a new mucocutaneous junction. Older reports of 
this technique documented successful repair of rectovaginal 

fistulas in 86–100% of patients. Minor incontinence troubled 
25% of patients.73–75 The only recent report combined this 
repair with sphincter reconstruction or perineal body repair 
in the majority of patients.72 The overall anatomic success 
was 94%; the results for the anterior rectal wall advancement 
alone were not reported separately.

Sphincteroplasty and Perineo-Proctotomy

Sphincteroplasty and perineo-proctotomy are related tech-
niques in that they both involve converting the rectovaginal 
fistula to a fourth-degree laceration, with a subsequent lay-
ered anatomical repair of mucosa and intervening tissues. 
A sphincteroplasty procedure is commonly utilized when a 
defect in the external sphincter is present with the rectovagi-
nal fistula. In that situation, an overlapping sphincteroplasty 
serves dual purpose, both obliterating the fistula and repair-
ing the sphincter defect. The technical details are described 
and illustrated in Chap. 46 on incontinence. Successful clo-
sure of rectovaginal fistulas with this operation is reported in 
65–100% of patients (Table 14-2).25,29,30,43,44,46,74,77

The perineo-proctotomy technique differs from the sphinc-
teroplasty primarily in that it is performed in a patient with an 
intact sphincter complex. This approach begins with the iden-
tification of the fistula and division of the bridge of skin, sub-
cutaneous tissue, sphincter muscle, rectal and vaginal walls 
overlying the fistula. The tract is excised and both the rectal 
and vaginal walls are dissected away from the muscle. Inter-
nal and external sphincter musculature must be adequately 
mobilized in order to avoid tension when they are reapproxi-
mated. After repair of both the rectal and vaginal defects, the 
sphincter muscles are sutured together. The perineal body is 
reconstructed and the skin closed (Figure 14-2).

Women with rectovaginal fistula and an accompanying 
sphincter defect are ideal candidates for sphincteroplasty; the 
reapproximation of the sphincter may theoretically improve 
continence, although this has not been proven. The exten-
sion of this approach to patients with an intact sphincter 
(perineo-proctotomy) should not be undertaken lightly. Peri-
neo-proctotomy has a high success rate – success rates for 
fistula closure range from 87 to 100% in small series.40,47,68,79 
The impact of the procedure on postoperative continence 
has not been well-studied, but Mazier et al.47 report that 
none of 38 women undergoing this repair were  incontinent 

Table 14-2. Results of sphincteroplasty for rectovaginal fistula

Author Year Number of patients Success (%)

Russell and Gallagher74 1977 9 96
Lowry et al.76 1988 29 93
Wise et al.43 1991 15 100
Khanduja et al.30 1994 11 100
MacRae46 1995 7 86
Tsang et al.25 1998 35 80
Yee et al.29 1999 22 91
Halverson et al.77 2001 14 65
Rahman et al.78 2003 8 100
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 postoperatively. Despite these results, the potential for 
 significant short- and long-term impairment of continence 
as a result of injury to an intact sphincter mechanism can-
not be ignored. We recommend a dedicated trial of one or 
more attempts at repairs which do not significantly injure the 
sphincter mechanism before attempting perineo-proctotomy.

Inversion of Fistula

Inversion of the fistula is a simple technique usually 
 performed through the vagina. The vaginal mucosa is mobi-
lized circumferentially around the fistula, and the tract is 
excised. A  purse-string suture is then used to invert the fis-
tula into the rectum and the vaginal wall is closed over the 
inversion.80 One recent series reports a 100% success rate 
in 39 women with this technique.78 A similar procedure – 
ligation of the intersphincteric fistula tract (LIFT) – has 
generated significant enthusiasm for the treatment of fistula-
in-ano.81,82 With this approach, an intersphincteric dissec-
tion is performed to encircle the fistula. The fistula track is 
divided and suture ligated on both sides; the perineal side 
is curetted and allowed to drain. While there is only lim-
ited experience in using the LIFT procedure for rectovaginal 
fistulas, the success rates with fistula-in-ano (60–94%) are 
encouraging.82,83 There is no intuitive reason why this tech-
nique could not be applied to rectovaginal fistulas occurring 
within the sphincter mechanism. A good candidate for this 

procedure is a patient with an intact sphincter and a fistula 
that traverses the sphincter complex. We believe it is unlikely 
that any repair which depends entirely on anorectal and/or 
vaginal mucosa has a good chance of success; it is the ability 
of the intersphincteric plane to heal to itself that is critical to 
the success of this repair.

Tissue Interposition: General Considerations

The insertion of healthy, well-vascularized tissue between the 
anorectal and vaginal sides of a rectovaginal fistula is an effec-
tive treatment for rectovaginal fistulas. Muscular tissue from 
a wide range of sources has been used in this  capacity, includ-
ing rectus, bulbocavernous, gracilis, gluteus and  sartorius 
muscles (Table 14-3).5,84–97 Regardless of which muscle is 
used, the perineal dissection is similar. The  posterior vaginal 
wall is separated from the anal sphincter and anterior rectal 
wall until soft, pliable tissue is reached. This dissection is 
often difficult because of dense scarring. Care must be taken 
to avoid entering the rectum; injection of saline (with or with-
out epinephrine) may widen this plane and decrease the risk 
of mucosal injury. Digital manipulation of the rectovaginal 
septum throughout the dissection is helpful to maintain the 
appropriate plane. At the site of the fistula, the rectal and vag-
inal walls are closed with absorbable sutures. It is generally 
not necessary to trim the vaginal or rectal wall, and doing so 
often only makes a significantly larger defect. The mobilized 

Figure 14-2. Perineo-proctotomy.
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muscle is then inserted between the rectum and the vagina 
and tacked to the posterior vaginal wall, and the incision is 
closed loosely over a closed suction drain.

Tissue Interposition: Labial Fat Pad  
or Bulbocavernous Muscle

The labial fat pad (also known as Martius flap) is an excel-
lent source of tissue for transposition into a rectovaginal 
fistula. This technique is performed with the patient in modi-
fied lithotomy position. After a standard perineal dissection 
is performed, a longitudinal incision is made over the labia 
majora and skin flaps are raised laterally and medially. There 
is often a plane similar to Scarpa’s fascia for this portion of 

the dissection. The dissection is continued to the periosteum 
of the pubis posteriorly and superiorly to the pubic symphy-
sis. Once the entire fat pad with the bulbocavernous mus-
cle is mobilized, the anterior end is divided, preserving the 
posterior pedicle with the perineal branch of the pudendal 
artery. A subcutaneous, subvaginal tunnel is created from the 
base of the pedicle to the perineal incision. The flap is pulled 
through this tunnel and sutured to the posterior vaginal wall 
cephalad to the site of the fistula. The labial and perineal inci-
sions are then closed in two layers over drains (Figure 14-3). 
When vaginal stenosis is a concern, inclusion of an island 
of skin from the inner thigh with the pedicle is an alterna-
tive.5 Aartsen and Sindram98 reported 100%  initial success in 
14 patients with rectovaginal fistulas secondary to radiation 

Table 14-3. Results of muscle interposition procedures for  rectovaginal fistula

Author Year Type of interposition Number of patients Success (%)

Ulrich et al.84 2009 Gracilis 9 Unable to determine
Reisenauer et al.85 2009 Martius 2 100
Onishi et al.86 2009 Gluteal 1 100
Lefevre et al.87 2009 Gracilis 8 75
Cui et al.88 2009 Martius 9 100
Wexner et al.89 2008 Gracilis 17 53
McNevin et al.90 2007 Martius 16 94
Zmora et al.91 2006 Gracilis 6 83
Rabau et al.92 2006 Gracilis 6 Unable to determine
Onodera et al.93 2003 Gluteal 4 100
Tran et al.94 1999 Rectus 10 100
Pinedo et al.95 1998 Martius 8 75
Margolis et al.5 1994 Martius 4 100
Elkins96 1994 Martius 35 87
White et al.97 1982 Martius 12 92

Figure 14-3. A Martius graft: perineal dissection and mobilization of graft. B Martius graft: interposition of labial graft.
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damage. Their report has a cautionary note; however, finding 
that after a 10-year follow-up 8 of the 14 patients required 
diversion for progressive radiation damage.98 Others report 
success in 78–84%.97,99,100

Tissue Interposition: Bioprosthetics

The use of bioprosthetic materials to treat rectovaginal fistu-
las was initially reported in small series in 2004.101,102 These 
materials can be interposed trans-perineally between an inter-
rupted rectovaginal fistula or as a “plug” that is inserted into 
the tract itself. Ellis103 reported a series of 34 patients treated 
for rectovaginal fistulas with a bioprosthetic comprised of 
porcine intestinal submucosa. Of 27 patients who underwent 
a trans-perineal approach, the success rate was 81%; the 
seven patients who were treated with a plug had a success rate 
of 86%.103 Another series reported by Schwandner et al.104 
reported a 71% primary success rate with a trans-perineal 
approach in 21 patients. While these reports should be cause 
for optimism, experience with the plug for fistula-in-ano has 
been sobering. Initial reports of bioprosthetic quoted success 
rates of 80–83%.105,106 Other recent series have been more 
pessimistic, with healing in 34–43% fistulas.107,108 In general, 
the attraction of bioprosthetics in the treatment of rectovagi-
nal fistulas is that the approach is technically straightforward, 
and there is no injury to the sphincter mechanism. The plug 
procedure has the additional advantage of avoiding dissec-
tion within the perineum, and therefore not impeding future 
repairs. Likelihood of success is still uncertain, but patients 
and physicians should expect that these approaches are at 
least as likely to fail as succeed.

One recent innovation worthy of note is a bioprosthetic 
plug designed specifically for use in rectovaginal fistulas.109 
The effectiveness of this plug was recently examined in one 
series of 12 patients.110 Success was achieved in three of five 
rectovaginal fistulas and four of seven pouch-vaginal fistu-
las. A total of 20 plug placements were required, yielding a 
procedural success rate of 35% and an overall success rate 
of 58%.

Tissue Interposition: Muscle

Healthy, well-vascularized muscle is an ideal material for 
interposition and obliteration of a rectovaginal fistula. Sev-
eral options are available for this approach, but the technique 
most commonly performed utilizes a gracilis muscle pedi-
cled flap. The outcomes achieved with gracilis interposition 
are excellent, with successful repairs in 75–83% in recent 
series.87,89,91 Healing has been noted to occur less often in 
patients with Crohn’s disease.89 Rectus, sartorius, and glu-
teal muscle flaps have also been reported as case reports or 
small series.86,94,111,112 Fecal diversion is routinely performed 
for these procedures.

The major problem with this approach is the morbidity 
associated with the mobilization of the pedicled muscle flap 

and the extent of perineal dissection required to  accommodate 
the bulky interposed tissue. Details of mobilization of the 
rectus, gracilis, and sartorius muscles are beyond the scope 
of this chapter.

Tissue Interposition: Bowel

Healthy bowel can also be used as an interposition for patients 
with high rectovaginal fistulas, a procedure described by 
Bricker and Johnston.113 Through an abdominal incision 
the fistula is divided. The sigmoid colon is mobilized and 
divided; the proximal end is used for a temporary colostomy, 
and the distal end is sutured in an end to side manner to the 
debrided edges of the defect in the rectal wall. When  healing 
is confirmed with a contrast study, the proximal sigmoid 
colon is sutured to the loop of colon utilized in the repair 
(Figure 14-4). Bricker et al.114 reported excellent or satisfac-
tory results in 19 of 26 patients.

Resection

An extended low anterior resection may be done with exci-
sion of the rectum containing the fistula and creation of an 
anastomosis below. The vaginal defect is closed and if pos-
sible separated from the new anastomosis with omentum. 
Parks and associates described a sleeve coloanal technique 
when the fistula is very low.115 The rectum is mobilized 
to a level below the fistula and divided. From a perineal 
approach, a distal rectal mucosectomy is performed and 

Figure 14-4. Onlay patch (Bricker procedure).
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the proximal healthy colon is pulled through the muscular 
sleeve covering the fistula. A hand-sewn coloanal anastomo-
sis is then completed, and proximal diversion is customary. 
Technical success is reported in 78–100% of patients.115–117 
In a review of functional results after stoma closure, 64% 
of patients were completely continent at 6 months and 75% 
at 1 year.117

Choice of Treatment

Not all rectovaginal fistulas require surgical treatment. 
 Initial medical management is appropriate for women with 
small fistulas and minimal symptoms. Obstetric fistulas, in 
particular have a high rate of spontaneous closure in the 6–9 
month postpartum period. Optimizing the patient’s bowel 
function, particularly controlling diarrhea, can only improve 
the success of any treatment program. Unfortunately, for the 
majority of women with rectovaginal fistulas the symptoms 
are intolerable, and many require one (or more) efforts at 
surgical repair.

Fibrin glue instillation or fistula plug are reasonable ini-
tial attempts particularly in low, small fistulas. Their success 
rates are unproven, but these procedures are well tolerated, 
carry minimal risk, and do not impede future efforts at repair. 
Other surgical options should be selected on the basis of 
 factors related to the patient and their disease process.

Rectovaginal Fistulas Secondary  
to Obstetrical Injury

Rectovaginal fistulas may close spontaneously in the early 
postpartum period (3–6 months); all others require surgery 
to close.78 To facilitate surgical repair and healing, the sur-
rounding tissue must be free of local sepsis before proceed-
ing with surgery; this may involve surgical debridement and 
draining setons. Once the surrounding tissue is amenable 
to repair, timing of operation may be chosen by the patient 
together with her surgeon. Patients with significant symp-
toms need not wait until their childbearing is complete, 
although depending upon the choice of repair subsequent 
children should be delivered by cesarean section.

As mentioned above, an important part of the evaluation 
of women with rectovaginal fistulas caused by obstetrical 
injury is assessment of anal sphincter anatomy and func-
tion. In multiple studies, the incidence of associated sphinc-
ter defect is close to 100% in this subset of patients.25,29,30 In 
women with sphincter defects, sphincteroplasty addresses 
both the fistula and the sphincter defect. The advantage 
of this technique is the excellent exposure it provides; the 
disadvantage is the potential risk of incontinence if intact 
sphincter muscle is divided. For women with intact sphinc-
ters and a rectovaginal fistula after childbirth, an advance-
ment flap or layered fistulectomy are recommended as the 
initial approach. Failure should prompt an attempt with 

 tissue interposition –Martius flap or bioprosthetics are good 
options. Perineo-proctotomy and sleeve  advancement are 
best reserved for use only after multiple other approaches 
have failed. Preoperative diversion should be strongly 
considered as an adjunct in these difficult cases. Despite 
the many studies performed to date, the literature does not 
categorically support a single technique as  superior; the 
choice of the repair should be based upon the surgeon’s 
 experience.

Rectovaginal Fistulas Secondary  
to Cryptoglandular Disease

Rectovaginal fistulas secondary to cryptoglandular disease 
are rare. Evaluation must include evaluation/treatment of 
associated local sepsis, and endoanal ultrasound to exclude 
an occult sphincter defect. In the absence of a significant 
sphincter defect, endorectal/endoanal advancement flap, 
fibrin glue, and fistula plugs are reasonable alternatives.

Rectovaginal Fistulas Secondary  
to Crohn’s Disease

The treatment of patients with rectovaginal fistulas  secondary 
to Crohn’s disease differs from other patients with rectovagi-
nal fistulas in several ways. Given the nature of Crohn’s 
disease, control of symptoms becomes the primary goal 
as opposed to elimination of the fistula in this subset of 
patients.

Once any associated sepsis is controlled, medical manage-
ment with antibiotics and immunosuppressive medication 
is the initial approach to treatment for virtually all patients 
with Crohn’s disease and rectovaginal fistulas. Recently, inf-
liximab (antitumor necrosis a) has demonstrated efficacy 
in healing Crohn’s rectovaginal fistulas. In 1999, Present 
et al.118 reported the results of a randomized trial compar-
ing infliximab to placebo for Crohn’s perianal fistulas with 
closure in 55% for infliximab vs. 13% for placebo. The 
multicenter trial entitled, A Crohn’s disease clinical trial 
evaluating infliximab in a new long-term treatment regi-
men in patients with fistulizing Crohn’s disease (ACCENT 
II), investigated the importance of infliximab maintenance 
on fistula closure; in a subset analysis of patients with rec-
tovaginal fistulas, Sands et al.119 reported a 44.8% closure 
rate at 14 weeks in 25 patients. These data are still early, and 
the true long-term effectiveness of infliximab is unknown, 
especially given the fact that the radiological healing rate 
is lower than the clinical healing rate.120 Results are better 
when drainage of local sepsis and placement of a seton are 
done prior to initiating infliximab.121 If the goal is complete 
healing, the seton must be removed before the completion of 
the course of infliximab.
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In cases where medical management is able to control 
Crohn’s proctitis, then surgical intervention for fistula repair 
can be considered. In these patients, the same considerations 
apply as in the treatment of rectovaginal fistulas in patients 
without Crohn’s. One possible difference is that procedures 
which involve a significant injury to the sphincter com-
plex (e.g., perineo-proctotomy/sphincteroplasty) should be 
avoided. The necessity of diversion is controversial, but it 
is commonly performed in this subset of patients particu-
larly ones requiring immunosuppressive medication to con-
trol their intestinal disease. Eradication of the fistula with 
an endorectal advancement flap is reported in 30–70% of 
patients.53,122 Kodner et al.45 reported an initial healing rate 
of 71% which increased to 92% with additional procedures. 
The Cleveland Clinic surgeons tailor the advancement flap 
according to the height and length of the fistula and the 
presence of rectal ulceration or inflammation.70 They report 
an initial healing rate of 54% and an overall success rate of 
68% including repeat repairs. All of these results predate the 
introduction of infliximab.

For patients with rectovaginal fistulas and medically 
refractory Crohn’s proctitis, surgical options are limited. 
The inflamed, friable anorectal tissue responds poorly to any 
intervention. Long-term use of draining setons should be 
considered in these patients as a bridge to future abatement of 
disease or progression to definitive treatment (often proctec-
tomy). Patients with anal stricture and active colonic disease 
appear to be most likely to progress to proctectomy.123 Of 
significant concern is the potential for developing a malig-
nancy in the fistula. In one study, Heyen et al.124 traced the 
course of 28 women with Crohn’s disease and a rectovaginal 
fistula. Malignancy resulting in death developed in the fis-
tula of two patients.

Rectovaginal Fistulas Secondary  
to Malignancy

The treatment of rectovaginal fistulas associated with 
underlying malignancy is dictated primarily by the therapy 
required for the patient’s cancer. For rectal cancer, neoadju-
vant chemoradiation therapy followed by surgery (including 
vaginectomy, with or without reconstruction) is the standard 
of care for nonmetastatic disease. Fecal diversion prior to 
initiation of treatment may be necessary for patient comfort. 
When resection is performed, interposition of tissue (e.g., 
omentum, rectus muscle) between the colorectal anastomo-
sis and closure of the vagina may prevent a postoperative 
fistula if a pelvic abscess or anastomotic leak occurs.

For squamous cell carcinoma of the anus, a preexisting 
fistula or one that develops during chemoradiation often 
requires diversion for symptom control. If there is complete 
resolution of the tumor after chemoradiation, repair of the 
fistula with interposition of the bulbocavernous or graci-
lis muscle is indicated after a waiting period to allow for 

 resolution of any acute radiation changes. It is unlikely that 
a local repair would be successful in an irradiated field. If 
tumor persists after chemoradiation an abdominoperineal 
resection is necessary. Low rates of perineal wound healing 
in this situation have led many surgeons to use muscle flaps 
for wound closure either routinely or selectively.

Rectovaginal Fistulas Secondary  
to  Radiation Therapy

Patients with rectovaginal fistulas resulting from radiation 
therapy pose a challenging clinical problem. In the diag-
nostic evaluation of these patients, a thorough examination 
of the fistula site, preferably under anesthesia should be 
undertaken, including biopsies of the fistula to exclude 
recurrent cancer. Fecal diversion should be strongly con-
sidered to allow inflammation in the surrounding tissue to 
resolve.

Decisions regarding surgical intervention center on the 
patient’s overall medical condition, the degree of symptoms 
caused by the fistula, associated abnormalities, and the risk 
of a proposed corrective procedure. Not uncommonly, the 
combination of those factors makes a colostomy alone the 
most reasonable choice. Permanent diversion is particularly 
appropriate if the patient is experiencing significant fecal 
incontinence. However, a variety of surgical options do 
exist, but these are generally different from those offered to 
patients who have not been treated with radiation. A guiding 
principle is that without interposing healthy (nonirradiated) 
tissue into the fistula tract, the likelihood of success is so 
small as to render the approach futile.

In cases where the fistula is low and the rectum is relatively 
normal, tissue interposition (e.g., gracilis muscle, Martius 
flap) through the perineum is a reasonable choice. If the fis-
tula is high, tissue interposition (e.g., rectus muscle, Bricker 
procedure) through the abdomen is preferable. Stricture or 
severe radiation proctitis may require proctectomy, with 
the introduction of nonirradiated colon as a neorectum. The 
morbidity of this approach is high, 24% in one series.125 A 
Bricker procedure avoids the morbidity of proctectomy and 
pelvic dissection but leaves a diseased rectum in place. The 
final option for some patients is an end colostomy, which may 
provide a quality of life superior to a poorly functioning ano-
rectum. Patient selection and operative choice must be based 
on clinical experience as comparative studies do not exist.

Iatrogenic Rectovaginal Fistula

The choice of treatment for an iatrogenic rectovaginal  fistula 
is dictated by the factors discussed previously.  Fistulas devel-
oping after rectal resection almost always arise at the anas-
tomosis and are reported after both hand-sewn and stapled 
anastomoses.126,127 An important step toward preventing this 



25514. Benign Anorectal and Rectovaginal Fistulas

complication is to palpate the posterior wall of the vagina 
while simultaneously rotating the closed EEA stapler during 
creation of the anastomosis. If dimpling is felt or the vaginal 
mucosa is felt to be in close apposition to the stapler, the 
device should be repositioned. Once a fistula occurs, the first 
goal of therapy is to control local sepsis, which may require 
temporary diversion and/or drainage procedures. Repair is 
determined by the level of the fistula. Low fistulas may be 
amenable to rectal or vaginal advancement flaps; a trans-
perineal approach with interposed bioprosthetic material or 
muscle is also reasonable. High fistulas usually require repeat 
resection with anastomosis or interposition of omentum or 
muscle. Large fistulas or those failing initial attempts at 
repair will usually require tissue interposition.

Persistent Rectovaginal Fistula

There are little data regarding fistulas which persist after 
an attempted repair. Repeat repairs after one failed attempt 
appear to have a reasonable success rate, but failure rate after 
additional procedures increases dramatically so subsequent 
options should be chosen carefully.76,77 Work by MacRae 
et al.46 highlights the importance of tailoring the surgical 
approach. They retrospectively reviewed 28 patients who had 
failed at least one previous attempt at repair. Of 18 patients 
with simple fistulas, successful repair was accomplished in 
13; these successes included 5 advancement flaps, 5 sphinc-
teroplasties, and 3 coloanal anastomoses. In ten patients with 
complex fistulas, only four patients healed; these involved 
one sphincteroplasty, one coloanal anastomosis, and two 
gracilis muscle interpositions. In a report from the Cleve-
land Clinic, Halverson et al.77 retrospectively reviewed 33 
patients with recurrent rectovaginal fistulas. Advancement 
flap, sphincteroplasty, rectal sleeve advancement, insertion 
of fibrin glue, and ileal pouch revision were utilized. Fistula 
closure was accomplished in 27 of these 33 patients (82%) 
after a median of two operations. While the overall results 
are encouraging, the highly heterogenous patient cohort 
makes it difficult to extract meaningful recommendations for 
specific patient populations.

Recent studies on bioprosthetic material offer an encourag-
ing alternative to the surgical options described by Halverson 
et al.77 and MacRae et al.46 Ellis103 reported success in 10 of 
14 women (71%) with recurrent rectovaginal fistula using a 
trans-perineal placement of porcine intestinal submucosal bio-
logic mesh. Similar success has been reported by Schwandner 
et al.104 who achieved closure in 15 of 21 women (71%) with 
recurrent fistulas. Of note, 38% of patients in the Schwandner 
study had their procedures performed with fecal diversion; no 
data regarding diversion were reported by Ellis.

From the data available, it appears that a reasonable 
approach to recurrent rectovaginal fistulas would begin with 
a period of conservative treatment during which any areas 
of sepsis are drained and the integrity of the sphincters are 

 evaluated. For low fistulas, the treatment choice depends upon 
the status of the sphincter and the number of prior repairs. If 
the sphincter is intact and only one or perhaps two previous 
repairs have been attempted, an advancement flap or rectal 
sleeve advancement would be appropriate. Insertion of fibrin 
glue is a safe alternative but there are little data regarding 
the expected success rate. If there is a defect in the sphincter 
muscle, sphincteroplasty or perineo-proctotomy is an appro-
priate choice. In cases where the sphincter is intact and two 
or more repairs have failed then an interposition technique 
should be considered. The choice of technique depends on 
the expertise of the surgeon; insertion of bulbocavernous 
muscle is the least morbid transposition method, but there are 
no good comparative data regarding outcomes of the various 
interposition methods. Fecal diversion is not absolutely nec-
essary but likely increases the success of repair, especially in 
patients with Crohn’s disease. Recurrent fistulas involving 
the middle of the vagina almost always require tissue inter-
position. The choice depends upon the level of the fistula and 
the body habitus of the patient. Bulbocavernous muscle may 
not reach if the patient is obese or the fistula is in the upper 
middle third of the vagina. Gracilis muscle would be a good 
alternative in those situations. High fistulas require resection 
or tissue interposition through an abdominal approach.

Conclusion

The literature on rectovaginal fistulas documents a wealth of 
clinical experience. However, there is a definite lack of uni-
form terminology, standardized evaluation and comparative 
studies. Given the multitude of etiologies and the varying 
nature of the anatomy and condition of surrounding tissue, 
improving the quality of research will be challenging. How-
ever, continued work is necessary to determine appropriate 
patient selection and optimal surgical repair.
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Pilonidal Disease and Hidradenitis Suppurativa
Harry T. Papaconstantinou and J. Scott Thomas

Pilonidal Disease

Background and Incidence

Pilonidal disease refers to a subcutaneous infection 
occurring in the upper half of the gluteal cleft. It may present 
as an acute pilonidal abscess with pain, erythema, and indu-
ration or as a pilonidal sinus, which is an indolent wound 
that is resistant to spontaneous healing, and can cause sig-
nificant discomfort and drainage. Pilonidal disease is com-
monly found in young adults, and typically present in the 
second decade of life.1 Men are more frequently affected 
than women at a ratio of three or four to one, and is more 
commonly seen in individuals with more body hair.1 It is not 
known to be more common in any one racial group; how-
ever, certain occupations such as the military, hairdressers, 
and sheepshearers have been associated with the develop-
ment of pilonidal disease.2–4 Other predisposing factors to 
pilonidal disease have been suggested and include obesity, 
being a vehicle driver, a sedentary occupation, and having 
a history of a furuncle at another site on the body.5,6  Others 
have implicated anatomic factors such as natal cleft as risk 
factors for pilonidal disease.7 In a study of 50 patients with 
pilonidal disease, the depth of natal cleft was compared 
to 51 volunteers.7 The report shows a significantly deeper 
natal cleft in the pilonidal disease group (27.1 vs. 21.1 mm; 
p < 0.01). Although a genetic predisposition has not been 
determined, family history does seem to play a role in this 
disease process. A recent report indicates that a family his-
tory of pilonidal disease predisposes patients to earlier onset 
of the disease and higher long-term (25 years) recurrence 
rate of over 50%.8

The incidence of pilonidal disease is not accurately known, 
but has been reported to affect up to 0.7% of adolescents 
and young adults1 and up to 8.8% of recruits in the Turkish 
army.5 Others have calculated the incidence of the disease at 
26 per 100,000 persons regardless of age.6

Pilonidal disease first appeared in the medical literature 
in 1833 when William Mayo published his first descriptions 

of this problem.9,10 In 1880, Hodges11 introduced the term 
“pilonidal,” which means “hair nest.” The term pilonidal 
“cyst” is a misnomer, because no epithelialized wall exists 
in the cavities this disease creates. Pilonidal “sinus” or “dis-
ease” are the more accurate terms. Pilonidal disease itself, 
and the surgical and medical treatment related to it, can be 
a significant source of morbidity and disability. This disease 
disables patients primarily because of pain and its inconve-
nient location in the gluteal cleft.

Traditionally, treatment for pilonidal disease was wide 
local excision; however, in World War II entire hospital 
wards were filled with soldiers convalescing from these 
large excisional operations.12 In fact, nearly 80,000 soldiers 
were hospitalized for an average of 55 days for wound heal-
ing.13 It became such a problem that the Surgeon General 
forbade wide local excision as primary therapy. Thus, World 
War II symbolizes a paradigm shift that occurred in favor 
of conservative management for pilonidal disease. Much 
has evolved in the treatment of pilonidal disease and ranges 
from nonoperative treatments such as shaving and hygiene 
to operative procedures ranging from excision to flap recon-
struction. Each has its role in treating this disease spectrum, 
and management of pilonidal disease should be tailored to 
the individual clinical presentation; however, no treatment 
has proved completely satisfactory. Treatment goals should 
be maintained and include the complete resolution of the 
pilonidal disease through methods that have low recurrence 
and low morbidity.

Pathogenesis

The etiology of pilonidal disease has been controversial, with 
initial beliefs tied to embryologic origins. Pilonidal disease 
was considered to be an inborn defect of the skin in the inter-
guteal region secondary to a remnant of the medullary canal 
and infolding of the surface epithelium; however, empiric 
data currently supports this disease as being an acquired con-
dition. First, the disease is not present at birth, but in young 
adults; second, it is more frequent in hirsute men; and third, 
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certain occupations predispose people to develop pilonidal 
disease.14 Pilonidal disease has been observed in the hands 
of barbers and sheep shearers, implying that shed hairs may 
initiate the condition.3,4

The acquired theory of pilonidal disease is most popular, 
but the mechanism varies widely. This disease most likely 
results from problems that attack the epidermis in the glu-
teal cleft, rather than from a problem in the deep tissues.13 
Bascom believes that the skin in the natal cleft is normal; 
however, conditions may exist that predispose a patient to 
pilonidal disease.13,15 Bascom16 believes that hair follicles 
in the natal cleft become distended with keratin and then 
infected, forming an abscess that eventually ruptures into 
the subcutaneous tissue. Vacuum forces and negative suc-
tion in the natal cleft draws hair and debris into the midline 
pits of the hair follicle then into the abscess cavity (pilonidal 
abscess).9 Karydakis17 proposed that hair with chisel-like 
roots inserts itself into the natal cleft leading to foreign body 
tissue reaction and infection. Both theories seems plausible 
as pilonidal lesions have the pathologic characteristics of a 
foreign body reaction, presumably from burrowed or subcu-
taneously displaced hair and epithelial debris1; however, no 
published study exist which directly prove or refute the cur-
rent theories about how pilonidal disease occurs.

Certain anatomic features of pilonidal disease are well 
established and not associated with any particular theory.14 
They include a midline pit in the natal cleft that is referred to 
as the primary opening. The pit often extends into a subcuta-
neous fibrous tract called the pilonidal sinus, which connects 
to a secondary opening. The secondary opening is located 
off the midline and is characterized by drainage of purulent 
or serosanguinous fluid, the presence of granulation tissue, 
and hypertrophy of the epithelium surrounding the opening. 
Hair is seen extruding from the primary opening. The pilo-
nidal sinus tract may be single or multiple, short or long, and 
up to 93% run in the cephalad direction. If the pilonidal sinus 
runs caudad, the secondary opening may resemble the open-
ing of a fistula-in-ano.

Clinical Presentation and Diagnosis

Pilonidal disease can present acutely as a pilonidal abscess 
or as a chronically draining sinus tract with intermittent 
symptoms of pain and drainage followed by long quiescent 
periods. Diagnosis is indicated by the site and appearance 
of the disease, and identification of midline pits in the natal 
cleft skin. Findings can be classified into acute pilonidal 
abscess, chronic pilonidal sinus, and recurrent or complex 
pilonidal sinus.

Acute pilonidal abscess can be characterized by a ten-
der fluctuant subcutaneous mass with surrounding cellulitis 
located off midline of the natal cleft. Onset is rapid and pain 
is severe. Chronic pilonidal sinus has a primary pit in the 
midline natal cleft located 4–5 cm cephalad to the anus. The 
pit will sometimes have hair extruding from the opening. 

There may be a secondary opening located cephalad and 
off midline at a variable distance from the primary open-
ing. Patients with long-standing disease may have compli-
cated pilonidal sinus with multiple sinus tracts and partially 
drained abscess cavities. Uncommonly, this process can be 
quite destructive with large sinus cavities extending out into 
the lateral gluteal regions. Occasionally, patients may present 
with recurrent pilonidal disease having had many different 
surgical procedures performed in the past for their disease. 
These patients may have a persistent wound from a midline 
excision or a failed flap procedure.

The differential diagnosis for these patients includes 
hidradenitis suppurativa and fistula-in-ano, and, less com-
monly, actinomycosis and syphilitic or tuberculous granu-
lomas. Patients with chronic draining wounds or multiple 
failed operations for pilonidal disease may have osteomyeli-
tis with draining sinus tracts. In these patients, a bone scan or 
magnetic resonance imaging (MRI) should be considered.

Treatment

The treatment of pilonidal disease is determined by the initial 
presentation of the disease. All acute pilonidal abscesses must 
be incised and drained. Most simple chronic pilonidal sinuses 
can be layed open, while recurrent and complex pilonidal 
sinuses may require excision with reconstruction. Optimal 
treatment protocols for each group include the following goals: 
ease of performance; short or no hospitalization; low recur-
rence rate; minimal pain and wound care; fast return to normal 
activity; and cost effectiveness. It is important to remember 
that no single procedure or treatment meets all these criteria.

Acute Pilonidal Abscess

Drainage of a pilonidal abscess can be performed in the office 
or emergency room under local anesthesia. The incision is 
made parallel to the midline and at least 1 cm laterally, to 
facilitate healing of the wound (Figure 15-1). A small ellipse 
of skin from the wound is removed to prevent the skin edges 
from sealing and reforming the abscess. Packing of these 
wounds is painful and potentially interferes with drainage and 
healing, and is therefore discouraged. Simply cover the wound 
with a dressing and have the patient do Sitz baths or use a 
hand-held shower to clean the wound and remove hair and 
debris two to three times a day. Antibiotics are only neces-
sary in the patient with diabetes, prosthetic implants, immu-
nocompromized diseases, or significant cellulitis. The patient 
should return to the office every week or two until the wound 
heals. Any hair that has grown back within 2 in. of the entire 
gluteal cleft is shaved during each visit (Figure 15-2). Once 
the wound has healed, the recurrence rate is 50% and may be 
in the form of an abscess or chronic pilonidal sinus.14

Chronic Pilonidal Sinus

Chronic uncomplicated pilonidal sinus has minimal to no 
acute inflammation. Primary and secondary openings are 
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frequently visualized and the sinus tract connecting the two 
may be palpable. In these patients, treatment can be either 
nonoperative or operative. The choice of treatment is deter-
mined by extent of disease and patient preference.

Nonsurgical Approach

Hair Removal

For the initial treatment of chronic pilonidal sinus, shaving 
alone has been advocated as the sole alternative to surgery. In 
1994, Armstrong and Barcia15 tested the hypothesis that wide, 
meticulous shaving was equal or superior to surgical therapy of 
any kind for patients with chronic pilonidal sinus. The authors 
performed a pilot nonrandomized cohort study with retrospec-
tively obtained follow-up. One group of patients was treated 
with weekly strip shaving (5 cm circumferentially around the 

entire gluteal cleft) until healing occurred and the other group 
was treated with surgery (any method). They then followed 
the patients for 3 years, comparing the number of occupied 
bed days and number of operations required. The authors 
found a highly statistically significant difference in favor of 
the group that received only shaving with lower number of 
occupied bed-days, with only 23 operations required in 101 
consecutive cases of conservative management with weekly 
shaving. Although this study shows significant benefit for 
shaving alone, it is important to note that the authors did 
not control for the type of surgery performed in the noncon-
servative group, or for the severity of disease. Healing and 
recurrence rates were not reported, which is a major factor to 
consider when choosing a treatment modality. Furthermore, 
the data may be flawed in that it is plausible that although 
conservatively treated patients were not occupying hospital 
beds, they still could have been suffering from persistence 
of their disease, or they may have just sought treatment else-
where. Despite these limitations, this study provides evidence 
that conservative nonsurgical treatment through shaving can 
improve pilonidal sinus healing.

Recently, several authors have described laser hair removal 
as an alternative to shaving.18–20 In a recent retrospective 
review on laser depilation of the natal cleft to aid in heal-
ing pilonidal sinus, the authors report 14 patients treated 
over 5 years.20 Only four patients (29%) had on-going dis-
ease requiring further depilation using the Alexandrite laser. 
All patients subsequently healed without complication. The 
authors concluded that although laser depilation in the natal 
cleft is not a cure for pilonidal disease, it does represent an 
alternative means of hair removal that is long lasting and 
allows sinuses to heal rapidly.

Collectively, these data suggest that control of hair in the 
natal cleft by shaving or laser hair removal may be an effec-
tive initial therapy in patients with chronic pilonidal sinus 
without an acute or chronic abscess; however, it is impor-
tant to note that it is unknown how long one should continue 
shaving in order to prevent recurrence. Currently, we recom-
mend shaving until complete healing has occurred.

Surgical Approaches

Surgery for pilonidal disease includes incisional procedures 
and excisional procedures with or without primary closure. 
As the acquired theory for pilonidal disease has gained wide 
acceptance, wide excision techniques have fallen out of 
favor. Minimal surgical techniques for pilonidal disease are 
now considered as the treatments of choice, and benefit the 
patient by decreasing hospital stay and minimizing morbid-
ity. For thoroughness, we will describe all surgical options 
for chronic pilonidal sinus.

Midline Excision

Most chronic pilonidal sinus are located midline, therefore, 
the most common operation performed is midline excision, 

Figure 15-1. Incision placement for acute pilonidal abscess.

Figure 15-2. Shaving technique.
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with or without primary closure. En block excision is made 
of the entire pilonidal sinus. It is not necessary to always 
excise down to presacral fascia. The wound can be packed 
with moist gauze and dressings are changed daily. Excision 
without closure is associated with prolonged wound heal-
ing times, and it seems logical that excision with primary 
closure would decrease wound healing time and may afford 
improved outcomes.

Surprisingly, the literature contains only four randomized, 
prospective studies comparing open excision to excision and 
primary closure. In 1985, Kronborg et al.21 randomized 88 
patients to one of three treatment groups: excision, leaving 
the wound open; excision and wound closure; and excision 
and closure with postoperative clindamycin coverage. This 
study is important because it was the first to look at the util-
ity of using antibiotics after pilonidal excision. The authors 
then looked at recurrence and healing rates. They followed 
each patient for 3 years. Healing rates between each of the 
primary closure groups were not statistically significant, and 
there was no benefit shown from the addition of clindamycin 
(14 vs. 11 days, p > 0.10). Healing took a substantially longer 
amount of time in the open group compared to the primary 
closure groups (64 vs. 15 days, p > 0.001). Recurrence rates 
were not significant in any of the groups (p > 0.40); however, 
there was a tendency toward more recurrences in the primary 
closure group (7 vs. 0 at 3 months and 7 vs. 4 at 3 years).

Fuzun et al.22 randomized 91 patients to either excision 
without closure or excision with primary closure. The authors 
then followed the patients for a minimum of 4 months. They 
primarily looked at infection and recurrence rates. In the two 
patients who experienced infection in the closed group, this 
was treated with simple suture removal and healing by sec-
ondary intent without the need for further hospitalization. 
They used no antibiotics. Patients whose wounds were left 
open had a lower infection rate (1.8% vs. 3.6%, p < 0.01) and 
no instances of recurrence, while the recurrence rate for those 
undergoing wound closure was 4.4% (p < 0.01). They did not 
specify the duration of healing for either group. Patients who 
had delayed healing were those few who developed a wound 
infection. Despite the statistically significant differences in 
favor of open excision, the authors concluded that either 
method is acceptable.

Sondenaa et al.23 randomized 153 patients to midline exci-
sion and primary closure with or without cefoxitin prophy-
laxis; 78 patients received preoperative antibiotics and 75 
patients did not receive antibiotics. The complication rate 
(44% vs. 43%) and wound healing at 1 month (69% vs. 64%) 
was no different between the groups. Based on this data the 
authors did not recommend cefoxitin antibiotic prophylaxis. 
In a follow-up study published a year later the same group 
reported their results of a randomized trial of open exci-
sion or excision with primary closure for chronic pilonidal 
sinus.24 A total of 120 patients were enrolled with half in 
the excision and primary closure arm and the remainder in 
the open excision only arm. The patients were followed for 

a median of 4.2 years. The authors detected no significant 
difference between the groups, and therefore, concluded that 
either method was acceptable.

Collectively, these data suggest that excision with pri-
mary closure decreases wound healing time; however, this 
accelerated wound healing time may come with the price of 
increased wound complications and recurrence of pilonidal 
disease. Furthermore, the routine use of prophylactic antibi-
otics is not necessary.

Unroofing and Secondary Healing

Midline excision without primary closure leaves a large 
wound that is associated with prolonged healing times. 
If wound closure is not indicated (i.e. with an associated 
abscess), a smaller wound with much shorter healing times 
can be achieved with unroofing or laying open the pilonidal 
sinus. In fact, unroofing and curettage has been advocated 
for the treatment of acute pilonidal abscess and chronic 
pilonidal sinus. In a recent study, 297 consecutive patients 
presenting with chronic pilonidal sinus, acute abscess, or recur-
rent disease were treated with unroofing and curettage for 
removal of hair and granulation tissue.25 The wound was left 
open to heal by secondary intention. The investigators found 
that patients returned to work on average of 3.2 days after 
the procedure. Mean time for wound healing was 5.4 weeks; 
however, classification of disease to chronic, recurrent, and 
abscess revealed a longer wound healing time for abscess 
group (4.9 vs. 5.0 vs. 7.2 weeks; p < 0.001, respectively). Six 
patients (2%) developed recurrence, which were believed to 
be consequences of poor compliance and follow-up. Postop-
erative wound care included weekly follow-up with wound 
debridement and separation of premature skin bridges. Fur-
thermore, the wound area was kept free of hair during wound 
healing, and the authors stress the importance of hair control 
to prevent recurrence through the dictum, “No hair, no pilo-
nidal sinus.” Others have reported similar good results.26,27 It 
is important to keep in mind that open wounds require dress-
ing changes and wound care, but unroofing is associated with 
half the healing time of wide and deep excision, and marsu-
pialization of the skin edges to the fibrous tract can decrease 
the wound surface by 50–60%.21

Bascom’s Chronic Abscess Curettage and Midline Pit  
Excision (Bascom I)

Bascom bases this procedure on the premise that efforts to 
treat pilonidal disease should be directed at changing the glu-
teal cleft conditions rather than excising a large amount of 
normal tissue associated with the diseased area. In patients 
who present initially with a chronic abscess, this procedure 
has given excellent results. He does this by making a gener-
ous, vertically oriented incision through the site of the abscess 
cavity more than 1 cm off the midline (Figure 15-3A) and 
then removing hair and debris through curettage. The fibrous 
sinus tract or abscess wall is left in place. The connecting 
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tracts to the midline pits are identified and the overlying 
skin undermined so that they drain to the site of the incision. 
The midline pits are then excised utilizing a small diamond-
shaped incision to circumferentially remove each of them.13,16 
According to Bascom, the excised pit should be about the size 
of a grain of rice. The undermined flap of skin, between the 
incision and drainage site and the excised midline pits, is then 
tacked down, and the pit excision sites are closed with either 
subcuticular or vertical mattress, nonabsorbable suture (4-0 
or 3-0) (Figure 15-3B). Once this has been accomplished, 
meticulous shaving of the gluteal cleft should continue at 
least once a week until the wound has healed. Shaving can be 
done in the physician’s office, or at home by a family member 
or friend who has been properly instructed.

Senapati et al.28 published a prospective series of 218 
patients treated with Bascom’s operation described above. 
The mean follow-up was 12.1 months (range 1–60), and 
consisted of phone calls, office visits, and mailed question-
naires. All but one patient healed his or her pit excision sites. 
The lateral wound in one patient failed to heal and required 
further excision. All the other wounds healed at an average 
of 4 weeks (range 1–15 weeks). Eight percent of patients 
reformed their abscesses when the lateral skin wound healed 
before the underlying cavity completely healed. This required 
reopening the lateral wound. Ninety percent of patients 
healed completely with only 21 patients (10%) ultimately 
requiring further surgery for recurrent pilonidal disease. Fur-
thermore, patients who failed to heal or recurred were not 
any worse than when they initially presented. Therefore, the 
authors recommend the use of this technique. To date, no 
trials compare Bascom’s procedure with another approach to 
chronic pilonidal sinus and abscess.

Karydakis Procedure (Advancing Flap)

The Karydakis procedure was first performed by Dr. Kary-
dakis in Athens, Greece in 1965. The procedure involves an 
elliptical incision that is made parallel to the midline at a dis-
tance at least 1 cm from the midline. The skin and gluteal fat 
that contains the pilonidal sinus are then excised down to the 
sacral fascia (Figure 15-4). Mobilization of the subcutaneous 
flap is performed on the side closest to the midline to allow 
advancement to the opposite side. This flap is then sutured 
down to the sacral fascia, and skin closure should be entirely 
lateral to the cleft. This procedure achieves two goals: (1) 
eccentrically excise “vulnerable” tissue in the midline, or 
laterally displace it, and, (2) laterally displace the surgical 
wound out of the midline gluteal cleft.

In 1992, Karydakis17 reported the results of this approach 
in 7,471 patients over a period of 34 years from 1966 to 
1990, and is one of the largest series in the surgical litera-
ture. Follow-up was obtained in 95% of cases, and ranged 
from 2 to 20 years. He reported a recurrence rate of 1% in the 
first 6,545 cases, finding that new disease occurred from new 
midline pits. The overall complication rate was 8.5%, mainly 
from infections and seromas or fluid collections. Antibiotics 
were not routinely used; however, a drain was always placed 
at the upper end of the wound for 2–3 days.

Recently, the Karydakis procedure was compared to a 
midline primary closure in a study conducted by the mili-
tary hospital in Ardahan, Turkey.29 This retrospective review 
reported results on 200 military service members treated for 
pilonidal disease over a 30-month period. The Karydakis 
procedure was performed on 78 patients and midline primary 
closure in 122 patients. The authors reported that the Karyda-
kis procedure group had a significantly lower recurrence rate 

Figure 15-3. A Bascom procedure. Lateral incision and debridement of cavity. B Bascom procedure. Removal of a midline pit with small 
incisions after lateral debridement, and closure of midline wounds without closure of the lateral incision.
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(4.6% vs. 18.4%; p < 0.03), lower complication rate (8.9% 
vs. 30.3%; p < 0.02), and higher degree of patient satisfaction 
(70.8% vs. 32.6%; p < 0.001).

These studies indicate that this procedure is highly suc-
cessful with low complication and recurrence rates; how-
ever, comparative series report inpatient hospital stay of over 
5 days.29 This may be due to institution and physician pref-
erence as one recent study reported on the successful treat-
ment of chronic pilonidal sinus using the Karydakis flap in 
a day-surgery setting. These data suggest the Karydakis flap 
is an effective procedure in the treatment of chronic pilo-
nidal sinus, and should be considered in recurrent or com-
plex cases.

Recurrent or Complex Pilonidal Sinus

Controversy exists over how to manage patients with recur-
rent and complex pilonidal sinus. Many of these patients 
have failed standard surgical treatments and conservative 
measures such as midline excision and hair control and 
elimination techniques. In these complex patients, excision 
of the pilonidal sinus is combined with a flap closure and 
modification of the midline natal cleft. These procedures 
include rhomboid flaps, Z-plasty, the Karydakis procedure 
(see above), Bascom’s cleft lift procedure, V-Y plasty, gluteus 
maximus myocutaneous flaps, and skin grafting (Table 15-1). 
Some level-one evidence exists regarding flap-based or 
asymmetric closures off the midline for pilonidal disease, 
but most data comes from patient series and retrospective 
reports. The major disadvantages with flaps are longer oper-
ative times, greater blood loss, potential flap loss, and infec-
tion. However, these flap-based procedures offer a quicker 

time to healing than midline excision, with no increase in 
infection rate.

Asymmetric wound closure technique is believed to be one 
advantage in flap procedures used for reconstruction after 
excision of complex pilonidal disease. This avoids midline 
closure and obliterates the natal cleft that are both implicated 
in wound complications following surgery. In a retrospec-
tive review of the literature, Petersen et al.30 reported their 
findings comparing asymmetric closure techniques to mid-
line excision for pilonidal disease. Asymmetric closure was 
associated with a significantly decreased incidence of recur-
rence, and the midline pits recurred less often than the mid-
line excision groups.

Rhomboid Flap

The rhomboid, or Limberg flap, is a cutaneous rotational flap 
used to fill soft tissue defects. It is ideally suited for pilonidal 
disease as it brings adjacent healthy tissue to fill the defect 
after wide excision of sinus tracts and removes the natal cleft 
from midline (Figure 15-5A–D). In 2009, Darwish and 
Hassanin 31 reported their experience with superior-based Lim-
berg flap. Over a 3-year period, they treated 25 male patients 
with pilonidal sinus using this flap technique. Operative time 
averaged 40 (range 30–45) min, and hospital stay averaged 
2 (range 1–6) days. Primary healing was observed in 22 
patients, with two patients developing sterile seromas and 
one patient superficial wound infection. Complete healing of 
all patients occurred without recurrence during the follow-up 
period. A larger prospective series used the rhomboid flap 
on 102 patients regardless of the severity of their disease.32 
Complete healing of the wounds was reportedly 100%; 
however, time to complete healing was unspecified. They 
reported a 6% complication rate consisting of three seromas, 
two partial wound dehiscence, and one wound infection. The 
recurrence rate was 4.9%, and these patients were success-
fully treated with a repeat rhomboid flap. Average time to 
return to normal activity was 7 days. Collectively, these data 
suggest that the use of the rhomboid flap for reconstruction 
after excision of chronic pilonidal sinus is reliable, can be 
quickly performed in the operating room, and is associated 
with low complication and recurrence rates.

Given these findings, one may ask, “How does the rhom-
boid flap compare to surgical excision with primary closure?” 

Figure 15-4. Karydakis advancing flap operation.

Table 15-1. Complex pilonidal procedure results

Procedure
% Healing 

(mean)
% Complications 

(mean)
% Recurrence 

(mean)

Rhomboid flap 31,32 100 13.5 4.9
Karydakis 17  – 8.5 1
Bascom cleft lift 13 100 – 0
V-Y plasty 35 100 8 0
Z-plasty 36,37 100 – 0
Myocutaneous flap 38 100 100 0
Skin graft 39 96.6 – 1.7
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Abu Galala et al.33 randomized 46 patients with chronic 
pilonidal sinuses either to the rhomboid flap or to midline 
excision with primary closure. Reported follow-up included 
postoperative wound healing and recurrence of disease. 
Wound healing in the rhomboid flap patients was 100% and 
was significantly higher than the midline excision with pri-
mary closure group (77%; p < 0.02). Furthermore, recurrence 
rate after 18 months follow-up was higher in the midline 
excision with primary closure group (9% vs. 0%). These data 
indicate that rhomboid flap closure after complex pilonidal 
sinus excision may improve wound healing and decrease 
recurrence rates.

Flap closure results in the creation of large spaces under 
the flap tissue. Drains have been used to prevent seroma for-
mation and deep wound space infections in an attempt to 
improve outcomes. However, recent evidence indicates that 
drains may not improve outcomes. A recent randomized, 
prospective trial compared the use of drains after rhomboid 
flap surgery for chronic pilonidal disease.34 The authors ran-
domized a total of 40 patients, where drains were used in 
one-half. The study found no difference in wound healing 

or recurrence (p > 0.05), but the drain group did experience a 
significantly longer hospital stay (p < 0.001).

Despite the overall good results with use of the rhomboid 
flap for recalcitrant pilonidal disease, this technique neces-
sitates excision of a large amount of normal tissue and sub-
sequently creates a large scar at the flap site (Figure 15-5). 
 Furthermore, chronic abscesses may be located far lateral 
and cephalad to the midline pits making the use of this tech-
nique more morbid due to the size of the flap required to 
cover the excised area. However, if the disease is localized 
close to the midline, the abscess cavity, sinus tracts and 
midline pits are easily excised. Additionally, this technique 
should be considered for flap coverage of chronic wounds 
in the gluteal cleft that have failed to heal over a prolonged 
period of time.

Bascom Cleft Lift (Bascom II)

This procedure may be the most technically challenging of all 
the techniques dealing with multiple recurrent and severe pilo-
nidal disease. It also may prove to be the most revolutionary 

Figure 15-5. Rhomboid flap technique for recurrent pilonidal disease. A Initial excision of the sinus cavity. Counter incisions are created 
as shown. B Flaps are raised and maneuvered as shown to close defect. C Final surgical result. D Result at 1 month postoperatively.
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technique to come along since the Karydakis procedure. The 
key difference between the cleft lift procedure and other flap-
based procedures is that normal subcutaneous tissue is not 
excised in the cleft lift procedure. As described above, the 
Karydakis procedure does excise normal fat in order to cre-
ate the flap. The only tissue excised during the cleft lift is 
a portion of skin. The goal of the cleft lift procedure is to 
undermine and completely obliterate the gluteal cleft in the 
diseased area.13 This procedure detaches the skin of the glu-
teal cleft from the underlying subcutaneous tissue as a flap. 
A portion of this flap containing the diseased skin (containing 
pits) is then excised from the side of the buttocks to which the 
flap will be sutured (Figure 15-6A). When the flap is pulled 
across the midline, the gluteal subcutaneous tissue is approx-
imated underneath the flap, thus obliterating the gluteal cleft. 
Any open chronic wounds or sinus cavities are simply curet-
ted out, but not excised. The raised skin flaps cover these 
prior wound sites in addition to coapting the normal gluteal 
fat. The final suture line lies parallel to, but well away from, 
the midline, and is free from tension (Figure 15-6B). Bascom 
and Bascom 13 studied 28 consecutive patients with recurrent, 
festering wounds who received this treatment; 22 patients 
healed their wounds immediately and had their sutures 
removed at 1 week. Six patients took longer to heal due to 
small wound separations. Three patients required operative 
revision to achieve healing. Finally, one obese patient took 13 
months to heal. The median follow-up was 20 months (range 
1 month to 15 years) and all patients remained healed. This 
procedure has enjoyed spectacular results in Dr. Bascom’s 
hands, but these results await duplication.

V-Y Flap

Advancement flaps are designed to slide along the flap’s 
long axis, and moves healthy tissue for reconstruction into 
the excised area. The size of flap, and therefore, the volume 
of tissue used, is primarily determined by the arterial input 
(and venous drainage) not length-to-breadth ratios. The V-Y 
flap maintains blood supply from the fascia, and division of 
the blood supply and venous drainage should be avoided.

The use of these advancement flaps have been applied to 
the surgical treatment of pilonidal disease. Schoeller et al.35 
retrospectively investigated their use of the V-Y advance-
ment flap in 24 patients with complex pilonidal sinus. The 
mean follow-up was 4.5 years. The investigators reported 
two cases of wound dehiscence, but achieved healing in all 
cases. There were no recurrences. Overall, they found the 
method to be satisfactory, but demanding, and recommended 
a simpler approach. However, it may have applicability in 
some situations where other flaps have failed, such as the 
rhomboid flap.

Z-Plasty

Combining excision with Z-plasty for reconstruction is a 
well-suited treatment option for complex pilonidal sinus. 
The diseased tissue is excised and the natal cleft is oblit-
erated with a Z-plasty for reconstruction. The limbs of tis-
sue are fashioned 30–45° angles from the wound axis. Full 
thickness subcutaneous skin flaps are raised and transposed 
before suturing the skin edges. Early application of this tech-
nique showed promise with one study reporting no recur-
rences in 110 patients with pilonidal sinus disease treated 
with excision and Z-plasty.36

Hodgson and Greenstein 37 reported his results of a ran-
domized, prospective study on complex pilonidal sinus 
treated with Z-plasty vs. midline excision. The Z-plasty 
group required no further surgery, but 40% of the open exci-
sion group did go on to have repeat operations. In addition 
to advocating Z-plasty for complex pilonidal sinus excision, 
this study provides evidence that open excision, while elimi-
nating risk of wound breakdown, does not decrease risk of 
short-term wound complications.

Myocutaneous Flaps

Myocutaneous flaps are rarely used due to the large nature of 
the defect and reconstruction created. The procedure may be 
significantly debilitating as most myocutaneous rotational 
flaps are harvested from the gluteal area; however, they can 
be successful for the treatment of pilonidal disease. Rosen 
and Davidson 38 reported their series of five patients with 
severe pilonidal disease treated with gluteus myocutaneous 
flaps. They were all young males and had received an aver-
age of six previous procedures. All patients healed with an 
average follow-up of 40 months and 13 hospital days. Most 
surgeons reserve this technique for the most severe cases, 
usually after failure of multiple simpler techniques.

Figure 15-6. A Cleft lift technique as described by Bascom for 
nonhealing midline wounds. B Final result after flaps are raised and 
underlying gluteal fat is approximated.
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Skin Grafting

Skin grafting is an infrequent procedure used for the treat-
ment of pilonidal disease. Guyuron et al.39 published their 
retrospective study of 58 patients with pilonidal disease 
treated with excision and split-thickness skin grafting. Over 
70% of these patients initially presented with recurrent dis-
ease. The authors reported a 1.7% recurrence rate and a 
3.4% graft failure rate. The authors recommended use of this 
method for recurrent or extensive pilonidal disease; however, 
there have been no further publications on skin grafting for 
the treatment of pilonidal disease. This can be explained 
conceptually, as it does not achieve the modern goals of sur-
gical treatment for pilonidal disease. Skin grafting leaves 
the natal cleft left unchanged, requires prolonged hospital 
stay for wound care of donor site and graft site, and the graft 
site, generally the sacrum and/or gluteal area is in zones of 
high friction. Furthermore, graft success is likely to require 
significant immobility that prolongs return to normal activ-
ity. Taking these factors into account, we cannot recommend 
skin grafting for the treatment of pilonidal disease.

Summary

Treatment of pilonidal disease is dependent on the disease 
presentation. Pilonidal abscess, chronic sinus, complex 
sinus tracts, and chronic recurrent pilonidal abscess and 
sinus encompass the spectrum of pilonidal disease. Each has 
specific considerations in the treatment and management of 
this disease process; however, the cornerstone of all surgi-
cal and nonsurgical therapeutic interventions for pilonidal 
disease should always include wide, meticulous shaving and 
hygiene. The algorithm in Figure 15-7 outlines a common 
approach to pilonidal disease based on the evidence pre-
sented in this chapter. In patients presenting initially with 
simple midline pits, or sinus tracts without acute abscess, 

shaving can be offered as the initial treatment. Meticulous 
and ritualistic shaving is critical as one single hair protruding 
from a midline pit will keep it open and result in recurrent or 
persistent disease. During both the primary and postopera-
tive healing phase, shaving should be continued on a weekly 
basis until healing is complete.

Patients with acute pilonidal abscess require incision and 
drainage, ideally making the incision lateral to the midline 
whenever possible. At the same time, one should do a 2-in. 
strip shave circumferentially around the affected area. Dress-
ing changes, Sitz baths, and shaving are continued until the 
wound has healed. The majority of acute pilonidal abscess 
treated in this manner do not recur.

Many patients will present initially with chronic pilonidal 
sinus. Location of the sinus relative to the midline helps guide 
the choice of management. In the case where all the disease, 
sinuses, and pits are located near and in the midline, then a 
conservative midline excision or unroofing with curettage is 
a reasonable first line treatment; however, if multiple drain-
ing sinuses exist, and they are located far from the midline, 
then simple midline excision becomes impractical due to the 
larger wound created. In this case, we recommend the Bas-
com I procedure or excision with rhomboid flap reconstruc-
tion. These procedures are also useful for patients who have 
failed midline excisions. Patients presenting with multiple 
recurrent pilonidal disease, or chronic persistent abscess 
despite conservative management, are more challenging to 
treat. Continued shaving in this situation is unlikely to suc-
ceed, since the abscess cavity and the epithelialized tracts 
connecting it to the midline pits will contain a great deal 
of burrowed hair. In this case, we recommend the Bascom 
I procedure with chronic abscess curettage and midline pit 
excision. Alternatively, a cutaneous flap procedure with 
asymmetric closure is also effective.

In the event, a prior operation results in a chronic non-
healing wound, a rotational flap is ideal. These flaps should 
move the wound closure and natal cleft off the midline. 
In these circumstances, we suggest the rhomboid flap for 
this purpose. For extensive recurrence in the midline with 
abscesses and multiple nonhealing wounds, the Bascom II 
cleft lift procedure or Z-plasty may be effective. Myocuta-
neous flaps are reserved for patients with severe complex 
pilonidal disease or persistent wounds encompassing large 
surface areas. In these situations, consultation with a plastic 
surgeon may be advised.

Hidradenitis Suppurativa

Background

Hidradenitis suppurativa is an uncommon cutaneous condi-
tion, which primarily affects young individuals and exhib-
its chronicity with frequent flare-ups followed by quiescent 
periods. The severity of this disease is variable. It may present 
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Healed wounds with
midline pits and sinuses

Recurrent abscess or
persistent disease

Midline excision

Multiply recurrent
disease

Severe disease –
large surface area

Consider myocutaneous flap,
cleft-lift procedure, or excision

and skin grafting

Bascom procedure or
flap/asymmetric closure

Resolution

Resolution

Two-inch strip shave–
weekly

Two-inch strip shave–
weekly

Two-inch strip shave

First presentation with
pilonidal disease – no abscess

Figure 15-7. Pilonidal disease algorithm.



270 H.T. Papaconstantinou and J.S. Thomas

initially as an abscess, but is typically chronic or multiply 
recurrent in the affected area, and ultimately can lead to 
severe scarring, contracture, possible malignancy, and dis-
ability for the patient. Hidradenitis suppurativa commonly 
occurs in the perineum, axilla, and groin, but can also be 
seen in the inguinal and mammary regions as well.40 These 
areas contain high concentration of apocrine glands, which 
may play a role in the disease.

Incidence and Etiology

The exact incidence of hidradenitis suppurativa is not known; 
however, 1 in every 300 individuals may be affected in some 
way.41 African Americans appear to be affected more often 
than Caucasians, and perianal disease is approximately twice 
as common in males.14,40,41 Almost all patients present after 
puberty in the second and third decades of life, thereby impli-
cating hormones and the development of secondary sexual 
characteristics as potential causative factors.41 Harrison et al.43 
demonstrated androgen excess and a decrease in progesterone 
in patients with hidradenitis. Obesity has been suggested as 
a predisposing factor through increased shear forces in the 
affected areas; however, it is more likely an aggravating factor 
rather than a causative factor.14,41 Additional predisposing fac-
tors include tobacco use, acne, stress, poor skin hygiene, exces-
sive heat, hyperhidrosis, and chemical depilatories. In a series 
from the Ochsner clinic, 70% of affected patients were smok-
ers, but no causal relationship could be definitively shown.41 
Proposed mechanism of tobacco influence suggests that smok-
ing may alter granulocytes, modify sweat gland activity, and 
give off toxic metabolites in sweat. Perianal hidradenitis affects 
males twice as often as females, but hidradenitis in all loca-
tions may be more common in females and African–American 
persons.41,42 Fortunately, for sufferers of perianal hidradenitis, 
it appears to recur less often after surgical treatment (<0.5%) 
than does inguinal–perineal disease (37–74%).40,42

Bacteriology

Wound cultures from hidradenitis patients have grown Staph-
ylococcus epidermidis, Escherichia coli, Klebsiella, Proteus, 
a-Streptococcus, anaerobic bacteria, and diphtheroids; however, 
one study reported that wound cultures of early lesions were 
negative.44 S. epidermidis and Staphylococcus aureus are the 
most frequently isolated organisms from hidradenitis suppu-
rativa lesions.14,45 Chlamydia trachomatis, often associated 
with lymphogranuloma venereum, and Bilophila wadswor-
thia infection have also been implicated in hidradenitis, but 
the clinical significance is not known.41,42

Pathophysiology

It is believed that hidradenitis suppurativa originates from 
the occlusion of hair follicles.46,47 Dilation and rupture of 
hair follicles into the dermis leads to dermal infiltration by 
inflammatory cells, giant cells, and formation of sinus tracts, 

and fibrosis.48 Involvement is typically in skin that contains 
apocrine sweat glands, but the inflammation and destruction 
of these glands seems to be incidental rather than a causative 
factor.24 Attanoos et al.45 examined 118 pathologic hidraden-
itis specimens and found some degree of keratin plugging 
in all cases along with an active deep folliculitis. They con-
cluded that plugging of the hair follicle itself led to apocrine 
inflammation, making the actual apocrine gland destruction 
of hidradenitis suppurativa a secondary process.45 These 
glands secrete a milky, odorless fluid that only becomes 
malodorous after it interacts with bacteria on the skin. The 
apocrine glands secrete into the hair follicle as opposed to 
directly onto the skin like eccrine sweat glands. The function 
of apocrine secretion is unknown. Nevertheless, obstruction 
leads to secondary bacterial infection and rupture of the gland 
into the dermis and subcutaneous tissue, thus causing celluli-
tis, abscess, and draining sinuses. This process then leads to 
the characteristic “pit like” scars from chronic fibrosis of the 
destroyed glandular unit. Over time, this disease can become 
not only disfiguring, but also debilitating. Microscopically, 
the pathognomonic serpentine epithelialized sinus tracks 
with giant cells and granulomas are typically seen.40,41,49,50

Clinical Presentation and Diagnosis

Patients with hidradenitis suppurativa typically presents with 
pain, erythema, and swelling in the affected area. There is 
frequently a malodorous discharge from the affected skin. 
Physical examination may reveal a spectrum of indurated 
subcutaneous nodules, subcutaneous abscess, and/or drain-
ing skin sinuses. Sinuses may be simple or complex coalesc-
ing to form a network of subcutaneous cavities and tracts 
with extensive fibrosis.

The diagnosis is based on clinical findings, and diagnostic 
biopsy is seldom required; however, if the differential diag-
nosis includes perianal Crohn’s disease or cancer, biopsies 
should be obtained to establish a definitive diagnosis. Differ-
entiating hidradenitis suppurativa from other inflammatory 
conditions of the perianal region can be difficult, and some 
of them may coexist. Cutaneous infections such as furuncles, 
carbuncles, lymphogranuloma venereum, erysipelas, epider-
moid or dermoid cysts, and tuberculosis may present in a 
similar fashion. It is important to distinguish hidradenitis from 
other fistulizing or sinus-forming processes of the perineum 
such as Crohn’s disease or cryptoglandular perianal abscess. 
Crohn’s disease typically affects the anus and rectum with 
fistulas arising from the dentate line or higher in the rectum. 
Fistula-in-ano or perianal abscesses that are cryptoglandular 
origin will arise from the dentate line and involve the sphinc-
ter complex. In contrast, hidradenitis does not affect the rec-
tum or involve the dentate line, because apocrine glands only 
exist in the lower two-thirds of the anal canal and do not pen-
etrate into the sphincter complex. Thus, patients will not have 
sinus or fistula tracks to or from the rectum.40,41 If fistulas are 
present, then the surgeon should perform anoscopy to rule 
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out the possibility of fistula-in-ano from a cryptoglandular 
source or consider Crohn’s disease as the etiology. Fistulas 
from hidradenitis should only connect areas of involved skin, 
and not penetrate the anal sphincters or involve the dentate 
line. Several case reports have been published describing the 
association of Crohn’s disease and hidradenitis, but no defini-
tive link between the two conditions has ever been proven.51–55 
Nonspecific granulomas (required for a pathologic diagnosis 
of Crohn’s disease) are seen in pathologic specimens in both 
diseases and may be confused with one another.

In patients with longstanding history of hidradenitis 
and chronic nonhealing wounds, it is important to rule out 
malignancy (Figure 15-8). There have been several reports 
of squamous cell carcinoma arising in chronic hidradenitis 
wounds.56–60 A retrospective review of a Swedish database of 
hospital discharge diagnoses from 1965 to 1997 revealed a 
50% increased risk of developing any cancer in patients with 
hidradenitis suppurativa over the general population, but sig-
nificant increases were specifically found in nonmelanoma 
skin cancers, buccal cancer, and primary liver cancer.61 Most 
patients with cancers had untreated disease for longer than 
20 years. In fact, a recent review reports that the mean duration 
of hidradenitis suppurativa before diagnosis of malignancy is 
25 years.60 One should at least keep a high index of suspi-
cion for this entity in patients with long standing disease and 
extensive scarring in the affected areas.

Treatment

The clinical presentation of hidradenitis suppurativa 
encompasses a wide spectrum of severity. Furthermore, the 
persistent and recurring nature of the disease requires an 
individualized treatment plan. This may include nonsurgical 
and surgical techniques for acute and chronic disease. It is 
imperative to educate the patient about the chronic relaps-
ing nature of the disease, and to reassure the patient that the 
disease is not contagious or due to poor hygiene.62

Nonsurgical Treatment

Antibiotic therapy is the cornerstone for nonsurgical treat-
ment of hidradenitis. Patients with cellulitis and no definable 
abscess may be successfully treated with antibiotics for 1–2 
weeks. Both topical (clindamycin) and systemic (tetracycline) 
antibiotics have been advocated, and antimicrobial spectrum 
must cover skin flora, particularly Staphylococcus species. No 
evidence exists supporting the use of prophylactic antibiot-
ics beyond the initial treatment course, and it is unclear if the 
natural history or disease process is altered by such therapy.60

Other medications have been used for the treatment of 
hidradenitis suppurativa, and include retinoids, antiandrogen 
therapy, immunomodulators and anti-inflammatory (etaner-
cept, infliximab, adalimumab) drugs.60 Most were evaluated 
through retrospective chart reviews and meaningful conclu-
sions are difficult to draw; however, the potential side effects 
of these medications are significant and should be considered 
prior to initiation. Radiotherapy has been used in the past with 
modest success.60 These positive results are likely a direct 
result of hair follicle destruction, but wound healing prob-
lems are significant. Others have reported the use of photody-
namic therapy, cryosurgery, carbon dioxide laser therapy, and 
radiofrequency treatments with variable success.

Surgical Treatment

The surgical management of hidradenitis suppurativa can be 
divided into two categories: (1) surgery to control local infec-
tion; and (2) surgery for curative intent. Incision and drainage 
of abscess and sinus tracts are simple methods that control 
local infection; however, diseased skin remains and recur-
rence is highly likely. This is illustrated by a recent report 
that compared recurrence rates of hidradenitis suppurativa 
after incision and drainage/limited excision vs. wide exci-
sion of disease.63 After a 3-month follow-up, the study found 
100% recurrence after limited excision and 27% recurrence 
after wide excision of disease. These data suggest that 
the surgeon must excise the entire involved area, otherwise, 
the patient will be at risk for recurrence. For this reason, 
once local inflammation has been controlled with incision 
and drainage, the patient is offered further surgery for cura-
tive intent or initiated on nonsurgical treatment modalities 
for disease control.

Surgery for curative intent requires complete excision of 
diseased skin. Excision with primary closure may be per-
formed in selected small wounds if it can be closed without 
tension. This treatment modality results in decreased mor-
bidity, decreased length of hospitalization and decreased 
postoperative disability.64,65 Others have advocated wide exci-
sion and healing by secondary intention. All of the grossly 
involved apocrine bearing skin in the perianal area should be 
excised full-thickness into the uninvolved gluteal fat. Exci-
sion to involve a wide margin has proven to be beneficial. In 
addition, this method is simple, does not require fecal diver-
sion, and depending on size excised, may be performed as 

Figure 15-8. A large squamous cell cancer (SCC) arising in an area 
of chronic hidradenitis suppurativa.
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an outpatient procedure. Patients with large areas of involve-
ment may require staged excision. The extent of excision 
should remain outside the anal verge as long as there is no 
obvious involvement or history of involvement in the anal 
canal. If excision near the anal canal is necessary, it should 
be limited, or staged, in order to prevent anal stricture. Pro-
longed wound healing of 1 month or longer is a significant 
disadvantage of this method. These patients require daily 
wound care and consideration should be given to physical 
therapy to prevent contracture formation.

Recently, reports on the use of negative pressure dress-
ings have appeared as a way to promote healing and shorten 
the time to wound closure.66 The purported benefits of 
these dressings include increased wound oxygen tension, 
decreased bacterial counts, better control of fluid produced 
by the wound, increased granulation tissue formation, and 
decreased shear forces. Negative pressure dressings have been 

used successfully on open wounds and on skin grafts 66,67; 
however, consideration must be given to cost and technical 
difficulties inherent to dressings placed in the perianal area. 
These dressings require an air-tight seal at all times, which 
can be difficult to achieve near the anal verge and perineum.

Patients with chronic disease, extensive scarring, and 
sinus tracts rarely respond to conservative measures 
(Figure 15-9A). The gold standard of care remains wide 
excision of all hidradenitis involved skin bearing apocrine 
glands (Figure 15-9B and C). Reconstruction then can  
follow a number of paths – cutaneous flap closure, myocu-
taneous flap closure, immediate or delayed split-thickness 
skin grafting (Figure 15-9D), or excision, and simple heal-
ing by secondary intent. Cutaneous or myocutaneous flaps 
are typically taken from the posterior thigh, gluteus muscle, 
or lumbosacral region. They are analogous to those used for 
pilonidal disease. Patients who might benefit from diversion 

Figure 15-9. A male patient with significant perianal and inguinal hidradenitis suppurativa of a chronic nature. A Preoperative photo of 
extent of disease. B Planned surgical resection preserving skin at the anal verge. C Wide excision of perianal and inguinal hidradenitis 
suppurativa. D Split thickness skin graft (STSG) used for immediate reconstruction.



27315. Pilonidal Disease and Hidradenitis Suppurativa

are those who cannot take care of their wounds long term 
and those who suffer from both hidradenitis and Crohn’s dis-
ease, although this is rarely needed.41,68

Summary

Hidradenitis suppurativa is a skin disease that typically 
affects young adults and is characterized by intermittent flares  
and periods of quiescence. The algorithm in Figure 15-10 
outlines one suggested approach to treating patients with 
perianal hidradenitis suppurativa. Patients who present 
with acute disease and abscess should have incision and 
drainage, ideally in an office setting.69 Antibiotics may be 
used for excessive cellulitis and to decrease acute inflam-
mation. This process can be repeated, if necessary, and is 
usually performed for recurrent disease. It is important to 
rule out other causes of fistulous disease such as Crohn’s 
disease or perirectal abscess from a cryptogladular source. 
For patients with chronic or recurring disease, definitive 
excision should be considered. This may include excision 
with primary closure for small areas of disease, healing 
by secondary intent for larger areas of disease, or recon-
struction with split-thickness skin graft or flap closure 
for wide excision. Flap procedures are typically reserved 
for patients with extensive scarring and tissue dam-
age that involves large areas of perianal skin around the 
anus extending out to the buttocks. By the time a patient 
reaches the point where they desire surgery, they have 
 usually suffered for many years with recurrent abscesses 
in the affected area.

Acknowledgments. This chapter was written by Jeffery 
Nelson and Richard Billingham in the first edition of this 
textbook.

References

 1. da Silva JH. Pilonidal cyst: cause and treatment. Dis Colon 
Rectum. 2000;43(8):1146–56.

 2. Buie LA. Jeep disease (pilonidal disease of mechanized 
warfare). South Med J. 1944;37:103–9.

 3. Patel MR, Bassini L, Nashad R, et al. Barber’s interdigital pilo-
nidal sinus of the hand: a foreign body hair granuloma. J Hand 
Surg. 1990;15A:652–5.

 4. Phillips PJ. Web space sinus in a shearer. Med J Aust. 
1966;2:1152–3.

 5. Akinci OF, Bozer M, Uzunkoy A, Duzgun SA, Coskun A. Inci-
dence and aetiological factors in pilonidal sinus among Turkish 
soldiers. Eur J Surg. 1999;165(4):339–42.

 6. Sondenaa K, Andersen E, Nesvik I, Soreide JA. Patient charac-
teristics and symptoms in chronic pilonidal sinus disease. Int J 
Colorectal Dis. 1995;10:39–42.

 7. Akinci OF, Kurt M, Terzi A, Atak I, Subasi IE, Akbilgic O. 
Natal cleft deeper in patients with pilonidal sinus: implications 
for surgical procedure. Dis Colon Rectum. 2009;52:1000–2.

 8. Doll D, Matevossian E, Wietelmann K, Evers T, Kriner M, 
Petersen S. Family history of pilonidal sinus predisposes to 
earlier onset of disease and 50% long-term recurrence rate. Dis 
Colon Rectum. 2009;52:1610–5.

 9. Hull TL, Wu J. Pilonidal disease. Surg Clin N Am. 
2002;82:1169–85.

 10. Mayo OH. Observations on injuries and diseases of the rectum. 
London: Burgess and Hill; 1833. p. 45–6.

 11. Hodges RM. Pilonidal sinus. Boston Med Surg J. 1880;103: 
485–6.

 12. Casberg MA. Infected pilonidal cysts and sinuses. Bull US 
Army Med Dep. 1949;9:493–6.

 13. Bascom J, Bascom T. Failed pilonidal surgery – new paradigm and 
new operation leading to cures. Arch Surg. 2002;137:1146–50.

 14. Velasco AL, Dunlap WW. Pilonidal disease and hidradenitis. 
Surg Clin N Am. 2009;89:689–701.

 15. Armstrong JH, Barcia PJ. Pilonidal sinus disease. The conser-
vative approach. Arch Surg. 1994;129(9):914–9.

 16. Bascom JU. Pilonidal sinus. Curr Pract Surg. 1994;6:175–80.
 17. Karydakis GE. Easy and successful treatment of pilonidal sinus 

after explanation of its causative process. Aust N Z J Surg. 
1992;62(5):385–9.

 18. Lavelle M, Jafri Z, Town G. Recurrent pilonidal sinus treated 
with epilation using a ruby laser. J Cosmet Laser Ther. 
2002;4(2):45–7.

 19. Downs AM, Palmer J. Laser hair removal for recurrent pilo-
nidal sinus disease. J Cosmet Laser Ther. 2002;4(3–4):91.

 20. Odili J, Gault D. Laser depilation of the natal cleft – an aid to heal-
ing the pilonidal sinus. Ann R Coll Surg Engl. 2002;84(1):29–32.

 21. Kronborg O, Christensen K, Zimmermann-Nielsen C. Chronic 
pilonidal disease: a randomized trial with a complete 3-year 
follow-up. Br J Surg. 1985;72(4):303–4.

 22. Fuzun M, Bakir H, Soylu M, et al. Which technique for treat-
ment of pilonidal sinus – open or closed? Dis Colon Rectum. 
1994;37(11):1148–50.

 23. Sondenaa K, Nesvik I, Gullaksen FP, et al. The role of cefoxitin 
prophylaxis in chronic pilonidal sinus treated with excision and 
primary suture. J Am Coll Surg. 1995;180(2):157–60.

 24. Sondenaa K, Nesvik I, Anderson E, Soreide JA. Recurrent pilo-
nidal sinus after excision with closed or open treatment: final 
result of a randomised trial. Eur J Surg. 1996;162(3):237–40.

Initial abscess

Incision and drainage

Sitz baths/hygiene

Multiple recurrences/
patient desires surgery

Resolution

Localized disease to
perianal region

Excision (staged, if necessary) with
healing by secondary intent

Cutaneous flap Myocutaneous flap

Extensive disease with
scarring out onto buttocks

Figure 15-10. Hidradenitis suppurativa algorithm.



274 H.T. Papaconstantinou and J.S. Thomas

 25. Kepenekci I, Demirkan A, Celasin H, Gecim IE. Unroofing 
and curettage for the treatment of acute and chronic pilonidal 
disease. World J Surg. 2010;34(1):153–7.

 26. Solla JA, Rothenberger DA. Chronic pilonidal disease: an 
assessment of 150 cases. Dis Colon Rectum. 1990;33:758–61.

 27. Spivak H, Brooks VL, Nussbaum M, Friedman I. Treatment 
of chronic pilonidal disease. Dis Colon Rectum. 1996;39(10): 
1136–9.

 28. Senapati A, Cripps NP, Thompson MR. Bascom’s operation in 
the day-surgical management of symptomatic pilonidal sinus. 
Br J Surg. 2000;87(8):1067–70.

 29. Can MF, Sevinc MM, Yilmaz M. Comparison of Karydakis 
flap reconstruction versus primary midline closure in sacrococ-
cygeal pilonidal disease: results of 200 military service mem-
bers. Surg Today. 2009;39:580–6.

 30. Petersen S, Koch R, Stelzner S, Wendlandt TP, Ludwig K. Pri-
mary closure techniques in chronic pilonidal sinus: a survey of 
the results of different surgical approaches. Dis Colon Rectum. 
2002;45(11):1458–67.

 31. Darwish AM, Hassanin A. Reconstruction following exci-
sion of sacrococcygeal pilonidal sinus with a perforator-based 
fasciocutaneous limberg flap. J Plast Reconstr Aesthet Surg. 
2010;63(7):1176–80.

 32. Urhan MK, Kukukel F, Topgul K, Ozer I, Sari S. Rhomboid 
excision and Limberg flap for managing pilonidal sinus: results 
of 102 cases. Dis Colon Rectum. 2002;45(5):656–59.

 33. Abu Galala KH, Salam IM, Abu Samaan KR, El Ashaal YI, 
Chandran VP, Sabastian M, et al. Treatment of pilonidal sinus 
by primary closure with a transposed rhomboid flap compared 
with deep suturing: a prospective randomised clinical trial. Eur 
J Surg. 1999;165(5):468–72.

 34. Erdem E, Sungurtekin U, Nessar M. Are postoperative drains 
necessary with the Limberg flap for treatment of pilonidal 
sinus? Dis Colon Rectum. 1998;41(11):1427–31.

 35. Schoeller T, Wechselberger G, Otto A, Papp C. Definite surgi-
cal treatment of complicated recurrent pilonidal disease with 
a modified fasciocutaneous V-Y advancement flap. Surgery. 
1997;121(3):258–63.

 36. Toubanakis G. Treatment of pilonidal sinus disease with 
Z-plasty procedure (modified). Am Surg. 1986;52:611–2.

 37. Hodgson WJ, Greenstein RJ. A comparative study between 
Z-plasty and incision and drainage or excision with mar-
supialization for pilonidal sinus. Surg Gynecol Obstet. 
1981;153(6):842–4.

 38. Rosen W, Davidson JS. Gluteus maximus musculocutaneous 
flap for the treatment of recalcitrant pilonidal disease. Ann 
Plast Surg. 1996;37(3):293–7.

 39. Guyuron B, Dinner MI, Dowden RV. Excision and grafting in 
treatment of recurrent pilonidal sinus disease. Surg Gynecol 
Obstet. 1983;156(2):201–4.

 40. Rubin RJ, Chinn BT. Perianal hidradentitis suppurativa. Surg 
Clin N Am. 1994;74(6):1317–25.

 41. Mitchell KM, Beck DE. Hidradentitis suppurativa. Surg Clin N 
Am. 2002;82:1187–97.

 42. Banerjee AK. Surgical treatment of hidradenitis suppurativa. 
Br J Surg. 1992;79:863–6.

 43. Harrison BJ, Read GF, Hughes LE. Endocrine basis for the 
clinical presentation of hidradenitis suppurativa. Br J Surg. 
1988;75(10):972–5.

 44. Jemec GB, Faber M, Gutschick E, Wendelboe P. The bacteri-
ology of hidradenitis suppurativa. Dermatology. 1996;183(3): 
203–6.

 45. Attanoos RL, Appleton MA, Douglas-Jones AG. The patho-
genesis of hidradentitis suppurativa: a closer look at apocrine 
and apoeccrine glands. Br J Dermatol. 1995;133(2):254–8.

 46. Plewig G, Steger M. Acne inverse (alias acne triad, acne tetrad or 
hidradenitis suppurativa). In: Marks R, Plewig G, editors. Acne 
and related disorders. London: Martin Dunitz; 1991. p. 345–57.

 47. Jansen T, Plewig G. Whats new in acne inverse (alias hidradenitis 
suppurativa)? J Eur Acad Dermatol Venereol. 2000;14:342–3.

 48. Slade DE, Powell BW, Mortimer PS. Hidradenitis suppurativa: 
pathogenesis and management. Br J Plast Surg. 2003;56: 451–61.

 49. Jemec GBE, Hansen U. Histology of hidradenitis suppurativa. 
J Am Acad Dermatol. 1996;34:994–9.

 50. Gilliland R, Wexner SD. Complicated anorectal sepsis. Surg 
Clin N Am. 1997;77(1):115–48.

 51. Burrows NP, Jones RR. Crohn’s disease in association with 
hidradenitis suppurativa – letter to the editor. Br J Dermatol. 
1992;126:523–9.

 52. Katsanos KH, Christodoulou DK, Tsianos EV. Axillary 
hidradenitis suppurativa successfully treated with Infliximab in 
a Crohn’s disease patient – letter to the editor. Am J Gastroen-
terol. 2002;97(8):2155–6.

 53. Tsianos EV, Dalekos GN, Tzermias C, Merkouropoulos 
M, Hatzis J. Hidradenitis suppurativa in Crohn’s disease – 
a further support to this association. J Clin Gastroenterol. 
1995;20(2):151–3.

 54. Roy MK, Appleton MAC, Delicata RJ, Sharma AK, Williams 
GT, Carey PD. Probable association between hidradenitis sup-
purativa and Crohn’s disease: significance of epithelioid granu-
loma. Br J Surg. 1997;84:375–6.

 55. Ostlere LS, Langtry JAA, Mortimer PS, Staughton RCD. 
Hidradenitis suppurativa in Crohn’s disease. Br J Dermatol. 
1991;125:384–6.

 56. Anstey AV, Wilkinson JD, Lord P. Squamous cell carci-
noma complicating hidradentis suppurativa. Br J Dermatol. 
1990;123:527–31.

 57. Gur E, Neligan PC, Shafir R, Reznick R, Cohen M, Shpitzer 
T. Squamous cell carcinoma in perineal inflammatory disease. 
Ann Plast Surg. 1997;38(6):653–7.

 58. Dufresne RG, Ratz JL, Bergfeld WF, Roenigk RK. Squamous 
cell carcinoma arising from the follicular occlusion triad. J Am 
Acad Dermatol. 1996;35:475–7.

 59. Malaguanera M, Pontillo T, Pistone G, Succi L. Squamous-cell 
cancer in Verneuil’s disease (hidradenitis suppurativa). Lancet. 
1996;348:1449.

 60. Alikhan A, Lynch PJ, Eisen DB. Hidradenitis suppurativa:  
a comprehensive review. J Am Acad Dermatol. 2009;60:539–61.

 61. Jemec GBE, Wendelboe P. Topical clindamycin versus sys-
temic tetracycline in the treatment of hidradenitis suppurativa. 
J Am Acad Dermatol. 1998;39:971–4.

 62. Shah N. Hidradenitis suppurativa: a treatment challenge. Am 
Fam Physician. 2005;72:1547–52.

 63. Ritz JP, Runke N, Haier J, Buhr HJ. Extent of surgery and 
recurrence rate of hidradenitis suppurativa. Int J Colorectal Dis. 
1998;13:164–8.

 64. Greely PW. Plastic surgical treatment of chronic suppurative 
hidradenitis. Plast Reconstr Surg. 1951;7:143–6.



27515. Pilonidal Disease and Hidradenitis Suppurativa

 65. Paletta FX. Hidradenitis suppurativa: a pathologic study and 
the use of skin flaps. Plast Reconstr Surg. 1963;31:307–15.

 66. Elwood ET, Bolitho DG. Negative-pressure dressings in 
the treatment of hidradenitis suppurativa. Ann Plast Surg. 
2001;46:49–51.

 67. Blackburn JH, Boemi L, Hall WW, Jeffords K, Hauck RM, 
Banducci DR, et al. Negative-pressure dressings as a bolster 
for skin grafts. Ann Plast Surg. 1998;40:453–7.

 68. Ger R. Fecal diversion in management of large infected perianal 
lesions. Dis Colon Rectum. 1996;39:1327–29.

 69. Beck DE. Miscellaneous disorders of the colon, rectum and 
anus: stricture, pruritus ani, proctalgia, colitis cystica profunda, 
solitary rectal ulcer, hidradenitis. In: Pemberton SH, editor. 
Shackleford’s surgery of the alimentary tract, vol. 4. 5th ed. 
Philadelphia, PA: W.B. Saunders; 2002. p. 501–18.



277D.E. Beck et al. (eds.), The ASCRS Textbook of Colon and Rectal Surgery: Second Edition,
DOI 10.1007/978-1-4419-1584-9_16, © Springer Science+Business Media, LLC 2011

16
Dermatology and Pruritus Ani
Charles O. Finne and John R. Fenyk 

Introduction

Perianal skin is subject to virtually all of the diseases that 
affect skin and mucosa. The differential diagnosis of disease 
in perianal skin is broad (Table 16-1) and includes a vari-
ety of diagnoses. These diseases almost never present solely 
within the perianal area; however, there are common dis-
eases such as psoriasis that may present in the perianal area 
without obvious ties to other areas of the body unless a care-
ful search is made. Certain diseases have specific causes and 
well-recognized treatment protocols (e.g., psoriasis, candida, 
and Bowen’s disease), other diseases have less well-defined 
causes and all too often where therapy is established it is 
poorly defined. Recognition of important treatable causes 
requires a disciplined, organized approach to diagnosis with 
careful and complete history, physical exam, and the frequent 
use of biopsy. This chapter’s objective is to lay out a strategy 
to facilitate accurate diagnosis and successful treatment of 
perianal and anal skin conditions. Implicit in this strategy is 
(1) the ability to properly examine the anus with appropri-
ate instruments and bright light and (2) to understand dis-
eases peculiar to the anal area. Hence, the importance of the 
colorectal surgeon, who possesses the unique skills, experi-
ence and training needed to accomplish this task. The impor-
tance of complete, accurate evaluation is demonstrated by 
a St. Louis University series in which 209 patients with the 
presenting symptom of pruritus ani revealed 75% of those 
patients had coexisting anal or colorectal pathology. While 
the majority of patients had hemorrhoids or fissure diagno-
ses also included 11% with rectal cancer, 6% anal canal can-
cer, and 2% with colon cancer.2

Definitions

Accurate description of the morphology of skin lesions can 
aid in the diagnosis and follow-up of patients with pruritic 
complaints. Macules are flat spots. Papules are elevated 
circumscribed solid lesions. Vesicles are separations of the 

 epidermis from the dermis filled with serum. Bullae are larger 
vesicles or blisters greater than or equal to 10 mm. Pustules 
contain pus. Ulcers are surface lesions with loss of continuity 
of the skin and may result from rupture of vesicular lesions, 
infection, or trauma. Intertrigo is inflammation seen between 
two opposing skin surfaces, often the result of mixed bacte-
rial, fungal infection associated with moisture, obesity, and 
poor hygiene.

Pruritus ani is a term of Latin derivation, which means 
itchy anus. Pruritus ani is a symptom, a Medline MeSH 
searchable diagnosis, and is also used to designate a specific 
condition of multiple etiologies recognized since antiquity.1,3 
The term pruritus when used alone simply means itchy: there 
is no distinction between pruritus and itch (an unpleasant 
sensation that provokes the desire to scratch). To avoid con-
fusion in this chapter, the syndrome will always be referred 
to as pruritus ani. Pruritus ani is classified as either primary 
or secondary. The primary form is the classic syndrome of 
idiopathic pruritus ani, whereas the secondary form implies 
an identifiable cause or a specific diagnosis.

Physiologic Considerations

There are different types of itch which may respond to differ-
ent forms or modalities of therapy: (1) pruritoceptive (C-fiber 
mediated), (2) neuropathic (e.g., Post-zoster), and (3) central 
or neurogenic. Itch is a surface phenomenon mediated by 
unmyelinated C-fibers in the epidermis and subepidermis, 
these fibers may have a lower threshold for stimulation when 
reporting itch than when reporting pain. Itch receptors may 
be located more superficially than those dedicated to pain. 
Because receptors are superficial, innocuous, nondamaging 
stimuli such as wearing long fibered fabric (i.e., wool) or 
other minor mechanical stimuli may induce itching. In addi-
tion to histamine, kallikrein, bradykinin, papain, and trypsin 
experimentally produce itching, but these substances do not 
respond to blockade with classic histamine antagonists such 
as diphenhydramine; hence, topical antihistamines are not 
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always effective against itching.4 Recent studies  suggest that 
gastrin releasing peptide receptors may, at least in part, medi-
ate itch. This finding could explain some of the impact of H2 
blockers (nonclassic antihistamines) on itch. The phenom-
enon of hyperesthesia with chronic pain may have a paral-
lel with itching; just as minimal stimulation of the skin may 
induce itching, scratching with subsequent injury may pro-
duce an expanding area of itchy skin. Scratching produces 
inadequate feedback to inhibit itching, more scratching occurs 
with cutaneous injury, which provides an additional stimulus 
to scratch in a self-defeating loop. Substituting heat, cold, 
painful, or stinging stimulus for the itch by applying alco-
hol or pepper extract (capsaicin) may provoke an inhibitory 
feedback not supplied by scratching alone and lead to inhibi-
tion of the urge to scratch. Cowhage induced itching does not 
produce an inflammatory reaction and is mediated by differ-
ent neurons than histamine-induced itching and may be the 
type of itching blocked by use of capsaicin.5,6 Antidepressant 
medications (such as paroxetine) and anticonvulsants (gaba-
pentin) have antipruritic effects at the central nervous system 

level though mechanisms of action may not be clear.7 Itching 
associated with healing probably results from the combina-
tion of histamine release, release of other kinins and prosta-
glandins involved in the inflammatory phase of healing, and 
regeneration of nerves which may be thinly myelinated in 
immature scars. Antihistamines, topical anti-inflammatory 
agents (steroids), topical anesthetics, moisturization, petro-
latum, and aloe preparations (prostaglandin inhibitors) all 
have beneficial effects on the itching of healing wounds.4

Etiology of Pruritus

Because pruritus is a symptom that may have protean causes, 
it is useful to consider diagnoses which have been associated 
with pruritus ani. Table 16-2 is a list of diagnoses and condi-
tions modified from Stamos and Hicks.8 Specific causes are 
considered below.

Localized Itch Syndromes

Notalgia paresthetica is a defined syndrome with itching or 
pain of the upper mid-back to either side of the scapular 
region. This has been attributed to spinal nerve damage or 
entrapment, although an inherited form has been described. 
Skin biopsies have shown increases in sensory innervation 
in the area of notalgia paresthetica; other changes are seen 
in the biopsy which could be attributed to repeated rubbing 
and scratching. Treatment by application of pepper cream 
(capsaicin 0.025%) has been effective. Such treatment may 
exacerbate the symptoms during the first week of applica-
tion, but thereafter both the symptoms and the side effects of 
the treatment subside. Topical application of eutectic mix-
ture of local anesthetic (EMLA) (2.5% lignocaine + 2.5% 
prilocaine), a topical anesthetic cream, has also been effec-
tive.4 Dermatographism has been reported as a cause of 
anogenital pruritus.9,10 It is not unreasonable to propose that 
one etiology of the idiopathic forms of pruritus ani may be 
related to dermatographism or notalgia paresthetica, and 
that the skin changes are the sole result of skin trauma. The 
effectiveness of the anal tattooing procedures, discussed 
later, may lend some insight into the etiologies of idiopathic 
pruritus ani.

Fecal Contamination

Systematic, rigorous studies of anal pruritus are rare, but 
good evidence supports fecal contamination as one cause of 
symptoms. Caplan11 performed a study in 27 Caucasian men 
on whom fresh autologous feces was applied as a patch test 
both perianally and on the inner arm, and perianal skin was 
also cultured for fungi. In ten control subjects fecal samples 
were collected and while the skin was spatulated, feces were 
not applied. The patch tested subjects (n = 27) had several 
pH-adjusted samples applied to the skin in addition to the 

Table 16-1. Differential diagnosis of anal dermatoses

Inflammatory diseases Nonsexual infectious disease
 Pruritus ani  Pilonidal disease
 Psoriasis  Hidradenitis suppurativa
 Lichen planus  Beta hemolytic streptococcus
 Lichen sclerosus et atrophicus  Fistula-in-ano
 Atrophoderma  Crohn’s disease
 Contact (allergic) dermatitis  Tuberculosis
 Contact (irritant) dermatitis  Actinomycosis
 Seborrheic dermatitis  Herpes zoster
 Atopic dermatitis  Vaccinia
 Radiation dermatitis  Fournier’s gangrene
 Behçet’s syndrome  Tinea cruris
 Lupus erythematosus  Candidiasis
 Dermatomyositis  “deep” mycoses
 Scleroderma  Amebiasis cutis
 Erythema multiforme  Trichomoniasis
 Darier’s disease  Schistosomiasis cutis
 Familial chronic pemphigus  Bilhartziasis
  (Hailey-Hailey)  Oxyurasis (pinworm)
 Pemphigus vulgaris  Creeping eruption (larva migrans)
 Cicatricial pemphigoid  Larva currens
 Bullous pemphigoid  Cimicosis (bed bugs)
 Dermatitis herpetiformis  Pediculosis (lice)

 Scabies

Sexually transmitted disease Premalignant and malignant 
disease

 Gonorrhea  Acanthosis nigricans
 Syphilis  Leukoplakia
 Chancroid  Mycosis fungoides
 Granuloma inguinale  Leukemia cutis
 Lymphogranuloma venereum  Basal cell carcinoma
 Molluscum contagiosum  Squamous cell carcinoma
 Herpes simplex  Melanoma
 Condyloma acuminata  Bowen’s disease (AIN)

 Extramammary Paget’s disease

(Modified from Corman ML, Colon and rectal surgery. 2nd ed. Philadel-
phia, PA: Lippincott, 1989. p. 287.1)
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unadulterated samples; 12 of the 27 had a history of pruritus 
ani prior to being enrolled in this study. pH of the perianal 
skin varied from 5.0 to 7.0 and was not different between 
the two groups. Five of twelve pruritus subjects (42%) grew 
yeast (non Candida albicans) but no dermatophytes, while 
4 of 15 nonpruritus subjects (27%) grew C. albicans (3) or 
Geotrichum. Twelve of 27 (44%) with feces applied to the 
skin developed symptoms from the feces. Four of 12 (33%) 
of the pruritus group developed symptoms, 8 of 15 (53%) of 
the nonpruritus group developed symptoms, while none of 
the control group developed symptoms. Symptoms occurred 
within 1–6 h in all but one subject and were relieved by wash-
ing the skin. Only one of the 27 subjects reacted to feces on 
the arms patch test, suggesting that the skin in different loca-
tions reacts differently. The prompt appearance of symptoms 
and relief with cleansing was felt to indicate an irritant effect 
rather than an allergic effect.

Smith et al.,12 in a rigorous study of 75 patients with pruri-
tus, found that half of their patients had poorly formed stools 
and 41% of their patients complained of soiling from daily to 
several times a week. Seepage of liquid and mucous was felt 
to be an important factor in the etiology of the symptoms. 
Coffee consumption lowered anal resting pressure in 8 of 
11 patients.

Allan et al.13 showed that leakage during a saline infusion 
test occurred sooner in patients with pruritus ani than in non-
pruritic controls (median leak point 600 ml vs. 1,300 ml in 
controls). This is consistent with findings by Farouk et al.14 and 
Eyers and Thompson15 who both found that the anal inhibi-
tory reflex was more pronounced in patients with  pruritus ani. 
Rectal distension makes these patients more prone to leak and 

soil, because the fall in anal pressure from  baseline is greater 
in patients with pruritus ani.

Viral Infection

Condylomata accuminata is a common cause of itching, but 
the diagnosis is generally easy to recognize and should not be 
confused with idiopathic pruritus ani. Condylomata, human 
papilloma virus infection and anal intraepithelial neoplasia 
(AIN) will be discussed extensively elsewhere. Herpes syn-
dromes are usually accompanied by pain or burning rather 
than itching and the clinical course is accompanied by a char-
acteristic eruption consisting of red macules, which progress 
to vesicles that rupture, ulcerate, and may become secondarily 
infected. Culture or biopsy shows specific diagnostic find-
ings. Likewise, molluscum contagiosum produces charac-
teristic lesions, palpable papules, 2–5 mm diameter, with 
central umbilication, flesh colored to slightly pink and usu-
ally clustered. HIV-associated lesions are rarely associated 
with chronic itching except for secondary fungal infections.

Fungal Infection

Smith et al.12 found no instances of fungal infection in their 
investigation of pruritus ani where each of 75 patients had 
scrapings and fungus cultures. In contrast, Dodi et al.16 found 
C. albicans had no relationship to pruritus (culture positive 
in 23% of control subjects, 26% of those with pruritus, and 
28% of those without pruritus), but ten patients who cultured 
dermatophytes all had itching. None of these patients had 
exposure to steroids or antibiotics. Their conclusion was 

Table 16-2. Proposed etiologies of idiopathic pruritus ani

Anatomic factors Obesity, deep clefts, hirsutism, tight clothing
Anorectal disease Fissure, fistula, tags, prolapsing papilla, hemorrhoids, mucosal prolapse, sphincter insufficiency, deforming scars
Antibiotics
 Contact dermatitis Chemicals in topical preparations, toilet paper, wet wipes, alcohol, witch hazel, “caine” anesthetics, fecal soiling
 Dermatoses Psoriasis, seborrheic dermatitis, atopic dermatitis, lichen planus, lichen simplex, lichen sclerosis,  

dermographism
 Diet Coffee (caffeinated and decaffeinated), chocolate, spicy foods, citrus fruits, tomatoes, beer, dairy products, vitamin A 

and D deficiencies, fat substitutes, consumption of large volumes of liquids
 Diarrhea Infectious diarrhea, irritable bowel syndrome, Crohn’s Disease, ulcerative colitis
 Drugs Quinidine, colchicine, IV steroids
 Gynecologic conditions Pruritus vulvae, vaginal discharge of infection
Idiopathic
 Infection Viruses: herpes simplex, cytomegalovirus, papillomavirus; Bacteria: Staphylococcus aureus, beta hemolytic strep, 

mixed infections; Fungi: dermatophytes, Candida species; Parasites: pin worms, scabies, pediculosis; Spirochetes: 
syphilis

 Neoplasms Bowen’s disease (AIN), extramammary Paget’s disease, squamous cell carcinoma variants, secreting villous tumors
 Personal hygiene Poor cleansing habits, over meticulous cleansing producing mechanical trauma, use of soaps
 Psychogenic/neurogenic Anxiety, neurosis, psychosis, neurodermatitis, neuropathy, “itch syndromes”
 Radiation Radiation dermatitis, sphincter compromise or leakage due to radiation proctitis
 Systemic disease Jaundice, diabetes mellitus, chronic renal failure, iron deficiency, thyroid disorders, lymphoma,  

polycythemia vera

(Modified from Stamos MJ, Hicks TC, Pruritus ani: diagnosis and treatment. In: Perspectives in Colon and Rectal Surgery, 1998;11(1):1–20. Thieme Medical 
Publishers.8)
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that C. albicans was saprophytic in the absence of steroids, 
but that dermatophytes were always pathogenic. Prolonged 
courses of steroids are said to enhance pathogenicity of  
C. albicans and to mask Candida infection.17

Verbov3 found 7 of 47 (15%) patients with pruritus ani 
had itching which was attributable to Candida. In a review 
of his dermatologic practice (3,000 patients surveyed on the 
basis of their primary complaint), Pirone et al.18 reported that 
surgical treatment of anal disorders (hemorrhoids, fissure, 
spasm, mucosal prolapse) eliminated Candida and dermato-
phyte infections in all but 3 of 23 patients who were culture 
positive and symptomatic with itching before surgery. Two 
of these three failures responded to antifungal treatment, but 
the third patient continued to itch.

In another study of 200 patients evaluated by colorectal 
surgeons and dermatologists, thrush was found in 28 (14%), 
only one of whom was diabetic. Fourteen patients had Can-
dida infection after local steroid therapy, and six occurred 
after a course of systemic antibiotics. Only one case of der-
matophyte infection was found.19

Perianal dermatophyte infection, all Trichophyton rubrum, 
was reported to be infrequent by Alexander (four of nearly 
300 cases).17 Topical steroids may render direct scrapings 
negative for hyphae, though most frequently they facilitate 
dermatophyte growth.

Bacterial Infection

Several nonsexually transmitted bacterial infections are 
reported to cause longstanding pruritus. Weismann et al.20 
reported that 19 patients (16 males and 3 females) with pru-
ritus of duration 1–20 years had beta hemolytic streptococci 
cultured (four also had Staphylococcus aureus) from the 
perianal area but not from nasal or throat swabs. Treatment 
with various regimen resulted in cure of 42% and amelio-
ration of symptoms in the rest. Erythrasma was reported 
to cause pruritus in 15 of 81 (18%) patients who failed to 
respond to routine treatment.21 Wood’s light fluorescence 
(coral pink or red in the case of Corynebacterium minutissi-
mum) was the most reliable diagnostic test, being positive in 
every case, whereas cultures for C. minutissimum were posi-
tive in only 4 of 15 cases. Groin, thighs, and toes were also 
involved in every case and cure was achieved in all patients 
with erythromycin. Smith et al.12 found erythrasma in only 
one of their 75 patients, each of whom had Wood’s light 
examination. C. minutissimum is probably present as normal 
skin flora, but moisture, diabetes, and obesity predispose 
to pathogenicity, which usually develops in the body folds 
(axillae, groin, intergluteal, inframammary) and toe webs.22 
The St. Mark’s Hospital series found erythrasma in 16% of 
200 cases, but in 27% of the patients who had been symp-
tomatic for over 5 years C. minutissimum was identified.19 
These patients had disease in more than one site, in common 
with other quoted series.

S. aureus has been anecdotally implicated as a cause of 
treatable pruritus.23 Intertrigo was reported in 27% of the 
St. Mark’s Hospital series and was highly treatable with 
topical agents.19

Contact Dermatitis

Contact dermatitis may develop from a wide variety of 
preparations including topical anesthetics, topical antibiot-
ics, topical antiseptics, topical antihistamines, nickel and 
topically applied steroids (discussed later).19,24 Common 
sensitizing agents identified in the dermatologic literature 
are listed in Table 16-3. The role of feces and seepage as an 
irritant contact agent has been emphasized in almost every 
paper devoted to pruritus ani. Contact dermatitis may have 
an irritant or allergic basis but is recognized by being an 
eczematous inflammation characterized by erythema, scale, 
and vesicles.25 Avoidance of contact with the inciting agent 
is the obvious treatment. Topical steroids may be useful 
unless secondary infection is present. It is preferable to avoid 
detergents and soaps. Bath oils and emollient creams may be 
useful for cleansing.

The cause of contact dermatitis is often obscure, requir-
ing detailed history and examination to resolve. Dasan 
et al.24 report one patient who had pruritus associated with 
bathing in a tub of water in which his wife shampooed her 
hair with paraphenylenediamine, a dye. When the patient’s 
wife stopped shampooing her hair in the tub, his symptoms 
resolved.

A study of patch testing in 80 patients with pruritus ani 
in Sheffield, England emphasized the importance of allergic 
contact dermatitis as an aggravating factor in 55 patients who 
tested positive. Thirty-eight of the positives were to medica-
ments or their constituents including neomycin, fragrance 
mix, Balsam of Peru, and cinchocaine. After counseling, 
two-thirds of these 55 patients experienced improvement or 
resolution of their symptoms.26 These authors disputed the 
recommendation to use “wet wipes” for cleansing due to 
possible sensitization. Bruynzeel27 corroborates the potential 
sensitization from use of moist wipes containing methyldi-
bromoglutaronitrile. Rohde28 feels that excessive exposure 

Table 16-3. Common sensitizing agents

Ethylenediaminetetraacetic acid
Formalin
Lanolin (wood wax alcohol)
Mercury (Hg(NH

2
)Cl, thimerosal)

Neomycin
Nickel
Paraben mixtures
Paraphenylenediamine
Potassium dichromate
Rubber ingredients
Topical anesthetics (benzocaine, dibucaine)
Turpentine oil
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to water and the act of excessive cleansing itself may incite 
symptoms, and recommends the use of oils for cleaning.

Alexander17 found lanolin, neomycin, procaine, and para-
bens to be offending agents and emphasized the difficulty of 
identifying these types of products when incorporated with a 
local anesthetic or steroid because the anesthetic suppresses 
the itching and the steroid suppresses the inflammation giv-
ing paradoxical temporary relief. Temporary relief leads to 
increasing application of the offending agent over a wider 
area, escalating the process.

Psoriasis

Psoriasis has been an important underlying cause of itch 
in every published study on the subject of pruritus ani. In a 
combined colorectal dermatologic clinic established to pro-
spectively evaluate patients with pruritus, 22 of 40 patients 
were found to have psoriasis.24 Alexander17 confirms that 
psoriasis may present as an isolated lesion in the perianal 
area, and emphasizes that lesions in this location may have 
an altered appearance secondary to maceration. Smith et al.12 
found six (8%) cases of psoriasis in his series of pruritus 
ani, five of which had not been previously diagnosed. The 
St. Marks Hospital series found 5.5% of their 200 patients 
had psoriasis.19 They also emphasized the nontypical appear-
ance of the perianal lesions. Lockridge29 reported a series of 
81 patients with pruritus ani who were ultimately diagnosed 
with psoriasis. All of his patients in this series responded to 
fluocinolone acetonide 0.025% (Synalar®) with normaliza-
tion of the skin. He recommended a search for lesions else-
where; including elbows, knees, ankles, extensor surfaces of 
the forearm, base of the scalp, ear canals, eyelids, nipples, 
penis, vulva, and navel. Biopsy was rarely diagnostic sec-
ondary to changes attributable to drugs or trauma and limited 
experience of pathologists with diagnosis of perianal skin. 
Psoriasis affects 1–3% of the general population.30 Typical 
psoriasis involves the trunk and extensor surfaces such as 
knees, elbows, sacral area, and scalp, but psoriasis involv-
ing groin, genitals, axillae, umbilicus, and anus is referred 
to as inverse psoriasis because it involves the inverse of the 
usual distribution. The exact incidence is unknown, but a 
review of 709 patients with psoriasis in a Chinese dermatol-
ogy clinic found 48 (6.8%) with this distribution and 54% 
of this group had involvement of the anus.31 The National 
Psoriasis Foundation corroborates these figures and suggests 
that limited Type IB evidence supports short-term use of a 
low to mid-potency topical steroid (betamethasone valerate 
in one study) once daily for up to 4 weeks for induction of 
remission, with a switch to calcipotriene (Dovonex®; LEO 
Laboratories Ltd., Dublin, Ireland) or pimecrolimus, or tac-
rolimus for maintenance to avoid long-term side effects of 
steroids.32 Calcipotriene may be used as a primary agent 
but may take 6–8 weeks for maximum effect to occur and 
may be accompanied by discomfort. A combination of these 
agents may be required.

Atopic Dermatitis

Atopic dermatitis or eczema may be the most common 
hereditary cause of pruritus ani. This disorder presents as 
nonspecific and diffuse erythema, often dramatically marked 
by evidence of excoriation. The probability of correctly 
diagnosing atopic dermatitis may be improved by document-
ing the associated findings of (1) keratosis pilaris (rough 
sandpaper-like texture over the posterior biceps and thighs), 
(2) Morgan’s folds or Morgan–Dennie lines (redundant 
creases beneath the eyes), (3) “sniffers” or “snuffers” lines (a 
transverse often subtle crease across mid-nose), (4) urticaria, 
and (5) white dermatographism. Although generally infor-
mative and often helpful in making the diagnosis, biopsies 
are most frequently not diagnostic, showing a mixed inflam-
matory infiltrate with eosinophils.

This inherited disease has a frequency greater than psoriasis 
(15–20% of the population) and is caused by disruption of epi-
dermal barrier function. The atopic diseases (hayfever, asthma, 
atopic dermatitis/eczema and the multiple sensitive/allergic 
patient) have direct genetic and epigenetic influences. Fillagrin 
appears integral to the development of the atopic diseases and 
the fillagrin gene (FLG) appears to have no expression rather 
than polymorphisms in atopic dermatitis.33 Fillagrin (keratin 
filament aggregating protein) is the cement of the epidermis. 
Complete loss of FLG is seen in ichthyosis vulgaris,34 a com-
mon keratinizing disorder frequently associated with atopic 
dermatitis and seen over the buttocks and on perianal skin. 
Polymorphisms of FLG are commonly seen in asthma and other 
“atopic” conditions. Absence of FLG results in a permeable 
epidermal barrier function which can be indirectly observed 
by following measurements of enhanced transepidermal water 
loss in affected patients.35 With the loss of an adequate barrier 
bacterial growth and colonization increases, access to the der-
mis by irritants increases the inflammatory response.

Treatment of atopic dermatitis begins with providing a 
barrier such as Vaseline® (white petrolatum USP), use of 
aggressive moisturization techniques, and the use of anti-
inflammatory agents (systemic and topical), antipruritic 
agents both topical and systemic (antihistaminics H1 and 
H2, leukotriene inhibitors, etc.). True allergies may be seen 
in association with atopic dermatitis, especially with longer 
duration of disease. Basically, the greater the risk of induc-
tion of allergy to topicals is seen with more frequent use of 
greater concentration of medicaments over a longer period 
of time (frequency, duration, and concentration). Suspicion 
of the development of truly allergic component in this pro-
cess should be raised when in spite of the medications and 
therapy used, the condition continues to exacerbate.

Lichen Sclerosus

Lichen sclerosus (formerly lichen sclerosus et atrophicus) 
(LS) is a chronic disease of unknown cause, occurring more 
frequently in women (female/male: 10/1); when this process 
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occurs on the penis it is termed balanitis xerotica obliterans. In 
females LS has a predilection for the vulva and perianal area. 
Characteristic appearance is a gradual progression from ery-
thema with mild induration to white, atrophic, and wrinkled 
to the end stage of loss of normal perineal and perianal archi-
tecture clinically and histologically consistent with nothing 
more than a scar, lacking the lymphocytic interface dermatitis 
and other changes.25,36–39 Involvement of the labia gives this 
condition a characteristic distribution that makes recognition 
easier once the diagnosis is considered. Biopsy is character-
istic and may be especially indicated in a lesion not respond-
ing to treatment because of rare occurrence of squamous cell 
carcinoma.40–42 Patients with LS in the vulva probably have 
a 4–6% incidence of squamous cell carcinoma arising in or 
adjacent to the LS.43 Women with lichen sclerosus have a 300-
fold increase in the likelihood of developing cancer compared 
with those who do not, and treatment of the disease does not 
appear to modify this risk.41 Although in the paper by Funaro44 
topical testosterone was a popular treatment, it has now been 
shown to be without benefit. Treatment of LS with a potent 
topical steroid (clobetasol propionate 0.05%, Temovate®) for 
6–8 weeks is highly successful, often resulting in normaliza-
tion of the skin.4,37,38 Other recent reports suggest that tacroli-
mus ointment may avoid skin atrophy which may accompany 
potent steroid use.45,46 Secondary to the increased risk of 
squamous cell carcinoma, these patients should be followed 
periodically for raised lesions or ulcers that fail to heal. The 
exact role LS plays in the development of cancer is not certain 
but is thought to be independent of human papilloma virus.42

Food Factors

No controlled trials have been done to examine food stuffs or 
diet as a cause for itching, but strong opinions have garnered 
a revered place in the literature. Friend states that virtually 
all patients with idiopathic pruritus ani consume enormous 
quantities of liquids, are almost never constipated, and usu-
ally have loose stools.47 Because it helps their symptoms, 
patients with severe pruritus usually maintain good anal 
hygiene. Friend states that there are six common foods that 
unequivocally cause idiopathic pruritus: coffee, tea, cola, 
beer, chocolate, and tomato (ketchup) and that total elimi-
nation will result in remission of itching in 2 weeks. After 
a 2 week elimination period the food may be reintroduced 
to determine the threshold for appearance of symptoms. 
Thresholds are typically between two and three cups of cof-
fee, four cups of tea, less than two cans of beer.

As we reviewed briefly earlier in this chapter, Smith 
et al.12 demonstrated that coffee lowered anal resting pres-
sure in 8 of 11 patients tested. An elimination diet gave par-
tial or complete relief in 27 of 56 (48%) of their patients. 
Specific dietary items identified by elimination as a cause 
were coffee (eight), alcohol (five), peanuts (three), chocolate 
(two), milk products (three), cola (one), citrus (one).  Alcohol 
was an equivocal factor in this study because 41% did not 

consume alcohol and only a third of patients drank more 
than 1 ounce per day. Smith et al. confirm the importance 
of poorly formed stool and coffee which may contribute to 
seepage and recommend a bulk agent taken at the same time 
of day to promote regular, complete emptying of stool.12

Daniel et al.2 reported that average coffee intake in patients 
with primary pruritus ani averaged six cups per day, com-
pared to those with secondary pruritus who averaged about 
3.5 cups per day. Akl48 reported an 8-year-old boy with 
asthma, intolerant of milk with abdominal pain, whose pruri-
tus ani disappeared after elimination of yogurt.

Coexisting Anal Disease

Coexisting surgical anal conditions (hemorrhoids, fissure, 
fistulas) may of themselves produce itching or aggravate 
any tendency to itch. Most authors agree that correcting 
these disorders in selected patients is indicated. Smith et al.12 
reported that 8 of his 75 patients required treatment of hem-
orrhoids (four operations, four Barron ligations) which by 
virtue of prolapse may induce soiling. These authors note, 
however, that correction of the hemorrhoids eliminated 
itching in only one patient. Another with scars from previ-
ous fissure surgery also had soiling not amenable to surgi-
cal correction. Murie et al.49 in a study of 82 hemorrhoidal 
patients with and without pruritus felt that pruritus is more 
common in patients with hemorrhoids than in age- and sex-
matched controls without hemorrhoids and that correction 
of the hemorrhoids usually eliminated itching along with the 
other symptoms of bleeding, pain, soiling, and protrusion. 
Bowyer and McColl19 reported that hemorrhoids were the 
sole cause of itching in 16 of their 200 patients, contributory 
in 27 others, and that correction of fissure was required in 
five patients before symptoms were relieved. Five others had 
skin tags which when removed, eliminated symptoms. These 
patients could point to specific skin tag(s) as the source of 
their discomfort, raising the possibility of a causal relation-
ship between skin tags and pruritus ani. Dasan et al.24 in a 
study of 40 patients with pruritus found two that required 
surgery, one to remove complex skin tags and the other to 
correct a fistula. The St. Louis University group found that 
52% of 109 patients with the sole presenting complaint of 
itching had anorectal disease as the cause.2 The diagnoses 
included hemorrhoids, fissure, idiopathic proctitis, condy-
loma, ulcerative proctitis, abscess, and fistula.

Pirone et al.18 as mentioned previously, believe that cor-
rection of hemorrhoids, fissure, mucosal prolapse and spasm 
can resolve fungal infection and the consequent pruritus.

Psychological Factors

Smith et al.12 studied 25 of their patients who completed an 
Minnesota Multiphasic Personality Inventory (MMPI). They 
found no deviations on the clinical scales but a trend toward 
inhibition of aggression, and denial of feeling of social and 
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emotional alienation. Anxiety, stress, and fatigue, as well 
as personality, coping skills, and obsessive compulsive dis-
orders, probably play a role in the exacerbation of pruritus 
ani.50 Because of this, psychotropic drugs may play a role 
in its management in isolated cases supporting the use of 
 Doxepin HCl with its strong H1 and H2 effects, amitrypti-
line, nortryptiline, and gabapentin.

Steroid-Induced Itching

Anogenital itching has been reported following bolus admin-
istration of intravenous dexamethasone.51 More commonly, 
itching occurs as a rebound phenomenon after withdrawal of 
steroids, leading to their reinstitution and chronic use. This 
syndrome has been characterized as steroid addiction52 and 
can lead to permanent deformity and dependence.53 Experi-
mental application of potent steroids under occlusion for as 
little as 3 weeks has been shown to produce an acute dermati-
tis resembling that seen with a blister that has been unroofed 
and exposed to air.52 Steroids should only be used to achieve 
specific effects. Potency and dosing should be tapered in a 
planned fashion with the goal of eliminating steroids alto-
gether from a maintenance regimen. Allergic contact derma-
titis to topically applied steroids has been well documented 
and is chemical class specific. Switching to desoximetasone 
(a less commonly used agent in steroid class) may be a solu-
tion. The ideal solution would be elimination of the steroid, if, 
however, elimination is not possible, alternate day therapy or 
intermittent therapy once or twice a week is to be preferred. 
The calcineurin inhibitors (macrolide anti- inflammatories) tac-
rolimus and pimecrolimus offer excellent anti- inflammatory 
effect without steroids or steroidal side effects.

Skin Trauma

Trauma can arise from physiological processes such as diar-
rhea or frequent stools which may be associated with fre-
quent wiping and maceration. Scratching either consciously 
or nocturnally while asleep may result in the classic lesion of 
lichen simplex chronicus. Alexander-Williams puts it nicely, 
“Perianal dermatitis is a cross between a nappy rash, athlete’s 
foot, and a self inflicted injury. In most patients the problem 
is due either to inadequate cleansing of the anus or to over 
vigorous attempts to polish it clean.”54 There is controversy 
about the best way to clean the anus. Rohde takes issue with 
the standard method using water or wet wipes (which can 
induce irritant or allergic contact dermatitis) and advocates 
a smooth dry article with olive oil if necessary, feeling that 
water breaks down the barrier function of the skin.28 Most 
authors agree that contact dermatitis is a contributing cause of 
perianal irritation and that attempts to discontinue over-the-
counter preparations (OTCs), perfumed or scented products 
including toilet paper, should be made because of potential 
sensitizing agents (Table 16-3). Bland emollients, Acid Man-
tle creams, and waterless cleansing agents are  reasonable 

substitutes that may be used with tissue paper or cotton balls 
for cleansing and left on the skin. My own experience sug-
gests that dilute white vinegar (one tablespoon in 8 ounces of 
water) and Burow’s solution (Domeboro®, Bayer Corp.) are 
effective cleansing agents associated with little adverse reac-
tion. Since Burow’s solution and acetic acid have been found 
to be an effective antibacterial in chronic otitis externa with 
little toxicity, its use in perianal disease seems justified.55–58

Neoplasms

Perianal Paget’s disease is rare and large series do not exist; 
however, more than half of patients with Paget’s disease 
have itching, often lasting longer than 3 months.59–61 Perianal 
Bowen’s disease (intraepithelial squamous cell carcinoma in 
situ) is also rare, but in a series of 47 patients reviewed at the 
Cleveland Clinic, 28 (60%) had perianal itching as a present-
ing complaint.62 AIN is the sequel to human papillomavirus 
infection (associated with itching) and refers to premalig-
nant change in the area of the dentate line and anal transi-
tional zone. Although pruritus has not been described in 
large series looking at AIN,63,64 because of their study design 
it would seem prudent to be alert for neoplastic change in 
any patient with a history of warts who presents with pruri-
tus. Itching was present either alone or with soreness in 77% 
of lichen sclerosus associated carcinoma and 73% of non-
LS-associated vulvar carcinoma.42 Higher grade tumors such 
as melanoma or squamous cell cancer usually present with 
bleeding or pain, not with pruritus.65–67 Further discussion of 
neoplastic disease is provided in Chap. 20.

Diagnosis of Perianal Disease

Given the variety of possible diagnoses, it is important to 
identify the specific diagnoses that are treatable for cure, and 
to engage a strategy that will avoid mistakes. It is often help-
ful in the differential diagnosis of anal and perianal disease 
processes to divide them into the general classifications of 
mass (inflammatory or neoplastic), rash or fissure (primary 
or secondary). The morphology of a lesion is a starting point 
for diagnosis, but may not be specific, and the same disease 
may have several different appearances (Table 16-4). As an 
example, Candidiasis may be present as an erythematous 
lesion, a papular lesion, or as an ulcerative lesion. Specific 
techniques are necessary, therefore, to establish or eliminate 
a diagnosis. Bacterial culture is a time-honored technique for 
identification of organisms, but proper media and collection 
techniques must be used to avoid killing certain species.68

History and Physical Examination

History and physical examination are still the most basic 
maneuvers for diagnosis (see Table 16-5). Inquiry about 
other skin diseases, allergic conditions such as asthma or 
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urticaria, or sites of involvement may the first clue to diag-
nosis of unrecognized psoriasis or atopic dermatitis. Patients 
may not relate the itch on their elbow to the itch around their 
anus. Erythrasma usually involves the groin and toes, usually 
is chronic and often associated with hyperpigmentation. 
Patients frequently do not consider over-the-counter or non-
prescription preparations as medicines, though these may 
modify the appearance of a condition or even cause it. 

 Specific questions about the use of these products are 
 necessary to uncover their use and patient exposure to unsus-
pected ingredients. Knowledge of a patient’s allergies is 
important not only for avoidance but also may aid in uncov-
ering an unsuspected exposure to an occult ingredient. 
Patients sometimes have had patch testing and allergy con-
sultation, and may not volunteer that information unless spe-
cifically asked. Patch testing, dermatologic consultation, and 
withdrawal of medication may be in order. Specific ques-
tions about infections, colds, or diarrheal illnesses treated 
with pills may be necessary to uncover antibiotic use. Patients 
sometimes may not list prednisone in their list of medica-
tions until asked a question pertinent to an illness such as 
arthritis or asthma or myalgias. A condition that has come 
and gone for years or that has seasonal exacerbation may be 
a clue to anal fissure but could reflect dietary changes, type 
of clothes worn, or laundry practices.

Physical examination should specifically look for other 
sites of involvement. The groin is a classic intertriginous 
area that is easily accessible in the prone jack-knife or the 
lateral position and should be the first place one looks to 
confirm a suspected yeast or fungus diagnosis. Hyperpig-
mentation in the buttock cleft or other intertriginous area is a 
clue to a chronic inflammatory condition or the presence of 
chronically infected drainage or secretion. Effective treat-
ment of a patient with changes in the groin as well as the 
cleft requires attention to each area of involvement. If a con-
dition is infectious, steps to eliminate the infection will be 
more successful if the environment of the host is made inhos-
pitable to the organism in each area of involvement. Broad 
areas of erythema with indistinct borders and findings sug-
gestive of excoriation or chronic rubbing should generate 
thoughts of eczema or atopic dermatitis. A sharply defined 
border usually points to a definable diagnosis such as tinea, 
especially when accompanied by scale (Figure 16-1). Psoria-
sis usually has a sharply defined border but in the cleft may 
lack the classic scale seen in skin that is exposed to air and 
may, in fact, exhibit maceration. In the confined, occluded 
area of the cleft there usually is no scale (Figure 16-2). Neo-
plastic changes may appear sharply marginated, but margins 
may be microscopically involved, especially around the den-
tate line, even if grossly normal (Figure 16-3). Infiltrative 
processes may be less well defined as in Paget’s disease of 
the anus with the same caveat about margins (Figure 16-4). 
Inflammatory changes of idiopathic nature often have borders 
that are indistinct and nondescript (Figures 16-5 and 16-6). 
Brilliant red erythema often is seen with perianal yeast (Fig-
ure 16-6), frequently “satellite” pustules will be present out-
side the main area of involvement. Erythema may be seen 
with chronic steroid use (Figure 16-7). Patient A had used 
hydrocortisone daily for 20 years or more and came in with 
recurrent warts and carcinoma in situ when the cortisone 
failed to control his symptoms. Treatment of his warts, carci-
noma in situ, and withdrawal of his steroids resulted in reso-
lution of his symptoms and normalization of his skin, with 

Table 16-4. Morphology of perianal skin lesions

Ulcers Papules
 Herpes genitalis  Venereal warts
 Syphilis  Scabies
 Trauma  Molluscum contagiosum
 Chancroid  Candidiasis
 Fixed drug eruption  Syphilis
 Lymphogranuloma venereum
 Tularemia
 Behcet’s syndrome
 Malignancy
 Donovanosis (granuloma inguinale)
 Candidiasis
 Histoplasmosis
 Mycobacterioses
 Amebiasis
 Gonorrhea
 Trichomoniasis

Diffuse erythema Crusts
 Candidiasis  Herpes genitalis
 Trauma  Scabies
 Contact dermatitis
 Fixed drug eruption
Miscellaneous findings
 Linear tracks: scabies
 Reddish flecks: crab louse excreta
 Maculae ceruleae (sky-blue spots): 

crab lice
 Nits: crab lice
 Hypertrophic: donovanosis

Table 16-5. Historical and physical factors aiding diagnosis of anal 
and perianal disease

Historical
 Other skin conditions, asthma, urticaria
 Prior treatments/OTC topicals
 Allergies
 Chemicals/clothes/laundry
 Antibiotic use
 Systemic disease
 Chronicity
Physical findings
 Multiple sites (elbows, groins, intertriginous areas, labia, toe webs)
 Mass or woody induration
 Hyperpigmentation
 Scale
 Lichenification
 Ulceration
 Groin adenopathy
 Defined edge or margin
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Figure 16-1. Dermatophyte infection. Note the sharp border, the 
scale at the edges and its involvement of the groin crease. As this 
type of infection moves into the anal cleft, the characteristic edge 
at the border of the cleft and involvement of the groin may be the 
only clues.

Figure 16-2. Psoriasis often appears atypical in the cleft and 
around the labia, lacking the silvery scale that is so characteristic. 
Isolated areas of involvement in the cleft occur and require biopsy 
confirmation by a competent skin pathologist.

Figure 16-3. Anal Bowen’s disease or squamous cell carcinoma in 
situ may have a varied appearance and be indistinguishable from 
Paget’s disease (Figure 16-5) by clinical examination. The white 
pearls on the red background are often present and are a clue to 
the diagnosis. Despite sharp appearing edges, the process often 
involves normal-looking skin and requires frozen section to  confirm 
negative margins.

Figure 16-4. Perianal Paget’s disease may present as a nondescript 
rash that itches. This clinical appearance is not specific and requires 
biopsy to confirm the diagnosis. Unlike Paget’s of the breast, there 
is rarely an underlying invasive adenocarcinoma, and local excision 
with clear margins is the treatment of choice. Margins of excision 
require frozen section confirmation because clinically normal skin 
may be involved.
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no reoccurrence of disease or symptoms to date, 7 years later. 
Patient B had used Mycolog® (a combination of nystatin and 
triamcinolone acetonide) cream daily for several years, after 
having radiation therapy for prostate cancer; both Mycolog® 
and topical steroids were withdrawn. Acute, severe injury 
from prolonged diarrhea with frequent wiping produced 
lichen simplex chronicus (Figure 16-8), which was treated 
by controlling the patient’s diarrhea, cleansing with Burow’s 
solution, and application of topical silver sulfadiazine to 
which cortisone was added. Chronic infected discharge may 
lead to hyperpigmentation of the cleft (Figure 16-9). In the 
example shown this hyperpigmentation is due to chronic 
pilonidal disease, but it may also occur with fistulas, chronic 
yeast or fungus infection, or hidradenitis. Complications 
of treatment can result in a rash, in this example a patient 
with contact dermatitis from clotrimazole (Figure 16-10) is 
shown. Severe symptoms, especially paresthesias, coupled 
with scattered lesions may be a clue to Herpes virus infection 
(Figure 16-11). Lichen sclerosus characteristically involves 
the perineum and labia in the female and has a distinctive 
appearance with wrinkling of the skin (Figure 16-12). Biopsy 
is characteristic.

Inguinal lymphadenopathy, and the presence or absence 
of pain, tenderness, or other symptoms, can have specific rel-
evance to diagnosis of perianal and anal disease (Table 16-6), 
especially sexually transmitted diseases.

Laboratory Examination

Ideally, infected material should be aspirated with a 
syringe and expelled into a sterile container; next best 
is a swab of exudate collected from a deep portion of the 

Figure 16-5. Classic severe pruritus ani is marked by lichenifica-
tion (leathery thickening of the skin), accentuation of folds, fis-
suring of the skin, and erosions and an indistinct border. Changes 
this severe require short-term aggressive therapy with high potency 
steroids for 4–8 weeks which then are rapidly tapered to a mainte-
nance program, if possible without steroids. It is important to rule 
out secondary infection, which requires specific treatment.

Figure 16-6. Perianal yeast may present as a bright red rash without the cheesy exudate sometimes seen elsewhere and may follow treatment 
with antibiotics for some other condition. This infection is easy to treat but has a tendency to recur. Rendering the cleft environment inhospita-
ble by drying with a hair dryer after bathing and using athletes foot powder to coat the skin and absorb moisture can help maintain remission.



Figure 16-7. Chronic steroid use may cause itching or mask other processes. A shows an elderly man who had used 1% cortisone daily 
for over 20 years but had worsening of his symptoms despite increasing use. Treatment of his warts and carcinoma in situ along with with-
drawal of steroids resolved his symptoms. The erythema has disappeared and he had remained free of symptoms for over a year. B shows a 
similar erythema superimposed on radiation dermatitis from treatment of prostate cancer. Withdrawal of Mycolog®, which had been used 
for years without interruption and substitution of a barrier cream with menthol relieved his symptoms.

Figure 16-8. This man has classic lichen simplex chronicus with 
inflammation and erosion resulting from unremitting diarrhea of 
3 weeks duration with wiping five times a day. Treatment of the 
patient’s diarrhea and topical silver sulfadiazine with 2% cortisone 
achieved rapid healing and relief of symptoms.

Figure 16-9. Hyperpigmentation may result from chronic inflam-
matory changes in the skin for whatever reason. In this particu-
lar case, infected drainage from a chronic pilonidal sinus was the 
cause, but fistula disease, chronic dermatophyte infection, erythr-
asma may produce the same picture. This finding should emphasize 
the need to modify environmental conditions within the cleft and 
surrounding area as an adjunct to healing.
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lesion.  Bacterial and fungal cultures should be placed into 
a  bacterial  transport medium and refrigerated if any delay 
in transport to the laboratory occurs. Anaerobic specimens 
require transport in a special anaerobic medium, and should 
not be refrigerated. Viral cultures require a viral transport 
medium and should be kept on ice. Vesicular lesions should 
be unroofed and cultures taken from the base of the vesi-
cle. Microscope slides can be pressed against the base of 
the lesion for Tzanck smears, but inoculation of the fluid or 
exudate from the lesion base onto cell culture is more sensi-
tive (viral culture).68

The office should have arrangements with a laboratory, 
which will supply culture swabs with transport media appro-
priate for aerobic, anaerobic, fungal, and viral culture. These 
become outdated and can result in rejection of specimens for 
processing. The practitioner should check the appropriate-
ness of the media and its date before using it. Because staph 
and strep have been documented as causal agents, it is pru-
dent to culture for pathogens in almost all cases whose treat-
ment is not obvious. Conventional water soluble lubricant 
is bactericidal for some organisms (Neisseria gonorrhea). 

Swabs should be lubricated with saline, if lubricated at all. 
Ulcerated lesions should have the base vigorously swabbed. 
Biopsy should be accomplished early with a representative 
lesion and should include an area of adjacent normal skin. 
Specific query should be made to the pathologist about sus-
pected diagnoses, and if possible a pathologist with skin 
expertise should be consulted. Highly reliable histologic cri-
teria exist for viral lesions, pyoderma, syphilis, and neoplas-
tic lesions. EMLA® cream, applied as a lubricant at the time 
of examination, may facilitate injection of local anesthetic, 
and biopsy may conveniently be done with either an 11 blade 
or skin punch blades (Keyes dermal punches) that come in 
numerous sizes in separate sterile packages (Figure 16-13). 
Bleeding from punch biopsy holes is readily controlled with 
sliver nitrate sticks or GELFOAM® (Pfizer Inc., New York, 
NY) packing.

Skin scrapings may be submitted for fungus culture, and if 
available examined by KOH prep for hyphae. Most colorec-
tal offices are not set up for KOH prep; rarely are we trained 
in this technique and in the United States CLIA certification 
may be required; therefore, culture is preferable.

Figure 16-10. This patient had a reaction to topical clotrimazole 
in use for 1 week.

Figure 16-11. Scattered lesions, especially when accompanied by 
severe symptoms suggest Herpes virus infection. Herpes Simplex 
Type I was cultured from the base of these ulcerations that were 
9 days old at the time of this picture. Treatment caused prompt 
resolution of symptoms.
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Treatment of Pruritus Ani

A general strategy is presented in Table 16-7. Directed 
treatment for a specific, curable diagnosis is the ideal, and 
diagnostic efforts should be directed to avoid overlooking 
curable disease.

Many investigators have alluded to the importance of 
 controlling seepage and fecal contamination of the skin. 
Diet may directly contribute to itching and it is prudent to 
give patients a list of potential foods implicated in itching for 

an elimination trial. Patients with loose stools may benefit 
from the addition of fiber to absorb moisture and add bulk 
and improve emptying with defecation. Many patients who 
have tried fiber without benefit may benefit from judicious 
use of Immodium® (McNEIL-PPC, Inc., Skillman, NJ) or 
Lomotil® (Pfizer Inc., New York, NY) to lessen frequency 
and firm up stools. Questran® (Bristol-Myers Squibb, Princ-
eton, NJ), in varied doses, has been helpful in my practice to 
firm loose stools.

Environmental factors should be altered as much as pos-
sible with removal of irritants such as soaps, perfumes, dyes 
in clothes or wiping tissues, alcohol or witch hazel containing 
agents, moisture. Dove® (Unilever, London, UK) is free of 
conventional soap and is the preferred bathing agent. Bidets 
are not common in the USA, but detachable shower heads are 

Figure 16-12. Lichen sclerosis has a distinctive appearance with 
cigarette paper thinning and wrinkling of the skin. It almost always 
involves the labial skin and perineum, making it easy to recognize. 
Biopsy is characteristic and is especially indicated for any areas which 
are raised, ulcerated, or unresponsive to treatment because of a 5% 
risk of squamous cell carcinoma developing within its distribution.

Table 16-6. Differential diagnosis of groin 
(inguinal) adenopathy

Benign reactive (shoeless walking)
Lymphoma
Carcinoma (penis, vulva, anal canal)
Sarcoidosis
Syphilis (nontender)
Leishmaniasis
Chancroid (tender)
Herpes genitalis (tender)
Lymphogranuloma venereum

Figure 16-13. Skin punch biopsy tools come in various sizes up to 
1 cm in diameter (2, 3, and 5 mm pictured). They may be purchased 
as autoclavable sets which may be sterilized and reused, or for the 
occasional user, disposable punches are supplied in individually 
wrapped sterile packages. One advantage of the disposable instru-
ments is that they are always sharp.

Table 16-7. Treatment of pruritus ani

1. Specific directed treatment for a diagnosis
2. Eliminate offending agent (contact irritant  

(perfume, soap, toilet paper), organism)
3. Eliminate scratching (especially noctural)
4. Control symptoms
5. Hygienic measures (Dove® soap, detachable showerhead, hair dryer 

to dry)
6. Withdraw inappropriate steroids
7. Treat infection (silver sulfadiazine cream, gentamicin or clindamy-

cin topically, nystatin, clotrimazole)
8. Protect skin (barrier creams, powders (esp. athlete’s foot powder))
9. Correct anal disease (fissure, hemorrhoids)

10. Judicious use of appropriate steroids
11. Emphasize control as a chronic condition
12. Reassess diagnosis if response to treatment is not appropriate
13. Anal tattooing in extreme cases
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common and inexpensive and when equipped with long tubing 
and handle may be a useful item for cleansing the perianal 
skin and anal canal and eliminating soap residues by flush-
ing with water in the squatting position. Subsequent drying 
with a hair dryer can eliminate moisture, and application of 
an athlete’s foot powder or barrier cream will lubricate and 
prevent maceration of the skin in the cleft and anal canal. Zea-
sorb® (Stiefel Laboratories, Research Triangle Park, NC) is 
an alternate lubricating, drying agent in powder form. Corn-
starch is to be avoided because it is culture medium for yeast. 
Cornmeal agar is used to identify different species of yeast 
in the laboratory.57 Dilute white vinegar (one tablespoon in 
an 8 ounce glass of water) on a cotton ball is a cheap effec-
tive nonsoapy cleanser that can be kept at the toilet when 
bathing is not handy. Burow’s solution, 1:40 (Domeboro® 
tablet one in 12 ounces water or one in six ounces for 1:20) 
is another nonirritating cleanser that can be kept refriger-
ated in a plastic squeeze bottle and used in lieu of soap or 
plain water. Burow’s® may be used as an antibacterial soak 
for 5–15 min and then dried. Balneol® (Alaven Pharmaceuti-
cal, Marietta, GA) is a commercially available mineral oil-
based preparation that can be kept in a pocket and squeezed 
onto toilet paper to make a soothing cleansing agent when 
using public facilities. Breaks in the skin caused by scratch-
ing or over vigorous cleansing efforts must be avoided, so 
an attempt to control symptoms with application of topical 
anesthetics, menthol, phenol, camphor, or a combination of 
ingredients may be appropriate. These agents may be used on 
combination with topical steroids, topical antifungal agents 
and topical antibacterials. Doxepin (Sinequan®, Pfizer, Inc., 
New York, NY – orally) is available topically as an effective 
antihistamine (Zonalon®, DPT Laboratories, Ltd. San Anto-
nio, TX), but orally it is 1,000 times more potent that diphen-
hydramine (Benadryl®, McNEIL-PPC, Inc., Skillman, NJ) for 
elimination of itching and may a useful adjunct at bed time to 
avoid nocturnal scratching. Doxepin possesses both, anti-H1 
and anti-H2 activity, a fact which may explain some of the 
enhanced effectiveness. Cimetidine, in 1 g/day dose, has been 
reported to eliminate itching induced by lymphoma and poly-
cythemia vera, and oral gabapentin and paroxetine have been 
reported to have centrally acting antipruritic effects. Our com-
bined experience with doxepin, cimetidine, gabapentin, and 
paroxetine has been quite rewarding.7 Nocturnal scratching, 
of which the patient may be unaware, is probably a signifi-
cant contributing factor in most cases of idiopathic pruritus 
ani. Patients who are awakened by the urge to scratch should 
be instructed to gently cleanse the area to eliminate any fecal 
seepage and reapply their steroid or barrier cream whichever 
is in effect at the time but not to scratch. Topical capsaicin 
may be useful in breaking the overwhelming urge to scratch 
by substituting a more powerful temporary burning stimulus.

No data exists on the influence of clothes or other for-
mites on pruritus, but from a practical standpoint, loose 
underwear that allows air circulation and promotes dryness 
makes sense. Fresh clothes laundered without perfume or 

fabric softeners, perhaps with the addition of a small amount 
of chlorine bleach to secure lowered bacterial counts should 
be used daily.

Patients who come to the office with acute moderate to 
severe changes of the skin may be treated by application of 
Berwick’s dye (combination of gentian violet and brilliant 
green) which has alcohol content and stings, often relieving 
the itch. The dye is dried with compressed air or a hair dryer. 
Benzoin tincture is applied over top of this as a barrier and 
dried similarly. This preparation will stay in place for several 
days if only water is used to cleanse and gives excellent tem-
porary relief of symptoms and allows reepithelialization of 
broken skin. Berwick’s is suitable as an office-applied rem-
edy but is generally not for home application.

Patients who have mild to moderate symptoms with mini-
mal skin changes will often respond to topical 1% hydrocor-
tisone cream which can be combined with menthol, 0.5–1.0%, 
and topical antibiotics (gentamicin, clindamycin, or bacitra-
cin) or antifungals (clotrimazole, nystatin). This preparation 
is applied at night and in the morning after bathing, being 
used daily until symptoms subside. Thereupon a tapering 
regimen is instituted, ending with substitution of a barrier 
cream such as Calmoseptine® (Calmoseptine, Inc., Hunting-
ton Beach, CA) to keep the skin covered. Elimination of the 
steroids and substitution of an innocuous agent to maintain 
attention to the hygiene is an important goal. Patients with 
thickened skin and chronic moderate or severe changes 
should be approached with higher intensity therapy, with a 
medium or high potency steroid for a limited, defined period 
of time (Table 16-8). When prescribing topical steroids, the 
use of brand name products allows control of both the deliv-
ery vehicle and specific active steroid salt (Table 16-8). The 
choice of solution, lotion, cream, or ointment is of major 
therapeutic importance. For instance, betamethasone as 
Diprolene® (Schering Laboratories, Kenilworth, NJ) is over 
1,000 times more potent than Valisone® (Schering Laborato-
ries, Kenilworth, NJ) cream, with Valisone® (Schering Labo-
ratories, Kenilworth, NJ) ointment somewhere in between. 
These differences can lead to a great deal of confusion when 
prescribing by generic name without spelling out every tiny 
detail. It is important to emphasize to patients that a high 
potency steroid should be used for a limited period of time, 
generally 4–8 weeks. When normalization of the skin has 
been achieved, patients are switched to a mild steroid such as 
hydrocortisone 1% or Locoid® (Ferndale Laboratories, Inc., 
Ferndale, MI) 0.1% with tapering frequency of application 
down to once or twice a week or to total elimination. Patients 
who have frankly eroded or denuded skin may benefit from 
topical antibiotics. Silver sulfadiazine cream to which 
 hydrocortisone or triamcinolone and menthol has been added 
may be soothing and promote regrowth of epidermis over 
ulcerated areas while suppressing the inflammation that can 
cause fissuring in the skin.

Skin atrophy is a serious problem with prolonged use of 
potent steroids, but each of the steroid preparations differs in 



29116. Dermatology and Pruritus Ani

its tendency to cause trouble. Creams cause comparatively 
greater atrophy than ointment preparations containing iden-
tical ingredients.69 Newer, double-ester, nonfluorinated ste-
roids may prove to be less atrophogenic than the older 
preparations,70,71 but the FDA required informational inserts 
for prednicarbate and mometasone furoate still quote 8 and 
6% incidence of mild skin atrophy for these compounds. 
Macrolide topical immune modulators (tacrolimus and pime-
crolimus) appear to be free of the problem of skin atrophy, a 
fact that enhances their appeal for use on the opposed skin of 
the cleft.72 Use of topically applied picolimus and tacrolimus 
has not been approved for skin diseases other than atopic 
dermatitis. As such, its use is off-label. Burning sensation 
after application has been relatively common in my  experience, 
but tends to subside (Table 16-9). The FDA issued a black 
box warning regarding risk of lymphoma and skin cancer in 
2005, but recent long-term safety data in large cohorts of 
patients with up to 4 years duration of treatment have not 
revealed an increase in either skin or internal cancer associ-
ated with topical use.73 European and US use of these agents 

topically now approaches 17 years and anecdotally, safety 
has not appeared as a problem. These compounds may have 
some intrinsic antifungal activity as well.74 I (COF) have had 
limited but very good clinical experience with these com-
pounds. There is currently no published data on topical mac-
rolide use in pruritus ani. Table 16-10 lists the potential 
complications of topical steroids, which are not to be taken 
lightly, and are all the more important as they are preventable 
complications of treatment.

Anal Tattooing

Every practice has a small number of patients who respond 
poorly to any treatment and whose symptoms are severe 
enough to alter life and happiness. These refractory patients 
may benefit from a technique originally described by a Rus-
sian surgeon, but espoused in the USA by Wollock and Dints-
man75 who described nine patients, eight of whom had relief 
after one treatment, one requiring a second injection to obtain 
a good result. Eusebio et al.76 reported 23 patients: 13 with 
complete relief, 8 with incomplete relief but much improved, 
and 2 who were not improved but who had initially presented 
with burning, not itching. Three cases of skin necrosis resulted 
in modification of their technique and treatment of an addi-
tional 11 patients was without complication and with good 
result.77 The modified technique consists of the intradermal 
and subcutaneous injection of the following solution with the 
patient under intravenous sedation in the prone jack-knife posi-
tion: 10 ml 1% methylene blue + 5 ml normal saline + 7.5 ml 
0.25% bupivacaine with epinephrine (1/200,000) + 7.5 ml 
0.5% lidocaine. Farouk and Lee78 reported six patients treated 
with a similar volume to Eusebio’s modified technique. Five 
patients got substantial relief of symptoms with follow-up of 
2–5 years. Three of the six required a repeat injection at 1, 3, 
and 5 years after the initial treatment.

The authors have personally used this technique on four 
patients, infiltrating the skin with the same solution as Eusebio 
et al. using a modified technique. I use a 30 or 27 gauge nee-
dle and infiltrate the skin as I would for cutaneous  anesthesia 
with multiple injection sites sufficient to cover the perianal 
involved skin up to the dentate line (Figure 16-14). All four 
of my patients had positive results lasting at least 1 year, dur-
ing which time all have had relative cutaneous hypoesthesia. 
They describe the sensation as similar to having the side of 
one’s face numb after a dental block. Certain individuals have 

Table 16-8. Relative potency of topical steroids (descending order)

Group 1 (most potent) Group 4
Betamethasone dipropionate 

0.05% (Diprolene®)
Desoximetasone 0.05% (Topi-

cort LP®)
Clobetasol propionate 0.05% 

(Temovate®)
Flurandrenolide 0.05% 

(Cordran®)
Group 2 Group 5

Desoximetasone 0.25% (Topi-
cort®)

Betamethasone valerate cream 
0.1% (Valisone®)

Fluocinonide 0.05% (Lidex®) Hydrocortisone butyrate 0.1% 
(Locoid®)

Triamcinolone acetonide 0.1% 
(Kenalog®)

Group 3 Group 6 (least potent)
Betamethasone valerate ointment 

0.1% (Valisone®)
Alclometasone dipropionate 

0.05% (Aclovate®)
Triamcinolone acetonide 0.5% 

(Aristocort®)
Hydrocortisone 1%

Table 16-9. Nonsteroidal topical therapy for Itching

Berwick’s dye (crystal violet 1% + brilliant green 1% + 95% ethanol 
50% + distilled H

2
O q.s.ad. 100%) with benzoin barrier

Burow’s solution 1:40
Calmoseptine®

Camphor (0.1–3%)
Calcipotriene (Dovonex®)
Capsaicin (Zostrix® 0.025%, Dolorac 0.25%)
Cold compress (ice cube)
Doxepin 5% (Zonalon®)
EMLA (eutectic mixture of local anesthetics)
Hot compress (120°F)
Macrolide topical agents (tacrolimus and pimecrolimus)
Menthol (0.125–1%)
Phenol (0.125–2%)
Pramoxine
Shake lotions (Calamine + additives)
Topical “caines”

Table 16-10. Adverse reactions to topical steroids

Skin atrophy with telangiectasia, pseudoscars, purpura, striae, spontane-
ous bleeding

Ulceration
Tinea, impetigo, scabies incognito
Allergic contact dermatitis
Systemic absorption with adrenal suppression
Burning, itching, dryness from vehicle
Rebound worsening after withdrawal
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found this sensation very  disagreeable, so I am careful to warn 
them in detail before treatment. The skin changes of severe 
pruritus in all cases rapidly and dramatically regressed and 
resolved. One patient who initially responded to injection, 
experienced recurrence of much milder symptoms which 
then responded to institution of topical therapy and did not 
require repeat injection. The response of these patients during 
the time of hypalgesia lends some credence to the idea that 
some forms of pruritus ani may be a neurodermatitis resulting 
from noctural scratching of which patients are not aware.

Conclusion

Diseases of the perineum, anus, and perianal areas are laden 
with social stigma and a real reticence on the part of the 
patient to seek medical assistance. These skin conditions are 
nonetheless quite common and often poorly diagnosed and 

treated. This anatomic region represents only about 1% of 
the total body surface area, yet the discomfort both physical 
and psychological is immensely disproportionate. The col-
orectal surgeon should welcome the opportunity to provide 
relief from disease that all too often does not come to the 
attention of any other specialty.

The appearance of a lesion is rarely pathognomonic, a 
systematic approach to evaluation of disease in this area will 
lead to a successful outcome. Extension of physical exami-
nation beyond the peri-area, and expanded and often exten-
sive past medical history, family history, social history, and 
review of systems, as well as follow-up of treatment plans, 
reevaluation of patients, and reconsideration of ongoing 
prescriptions, should be standard practice and will help to 
avoid misdiagnosis (or at least give a second chance at the 
correct diagnosis). The most important rule in evaluation or 
reevaluation is never believe anyone’s diagnosis, least of all 
your own.
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Sexually Transmitted Diseases
Charles B. Whitlow, Lester Gottesman, and Mitchell A. Bernstein

Introduction

There are over 25 diseases primarily spread by sexual means 
with an annual incidence of approximately 15 million cases 
in the USA.1 In 1994, the overall cost related to major sexu-
ally transmitted diseases (STDs) was estimated to be 17 
billion dollars. In the UK, the incidence of STDs has sub-
stantially increased over the past 6 years and has led to a new 
government strategy to counteract these increases.2,3

Site and route of infection determine the symptoms caused 
by STDs. Infections of the distal anal canal, anoderm, and 
perianal skin are similar to lesions in other parts of the gen-
italia and perineum caused by the same organisms. These 
infections are typically the result of anal receptive inter-
course but in some instances represent contiguous spread 
from genital infections. Proctitis from sexually transmitted 
organisms is almost always acquired from anal intercourse. 
Direct or indirect fecal–oral contact produces infection with 
organisms which cause proctocolitis or enteritis but which are 
generally thought of as food or waterborne diseases instead 
of STDs. Included in this group are Entameba histolytica, 
Campylobacter, Shigella, Giardia lamblia, and hepatitis A. 
While it appears that male homosexual activity and the use 
of the anorectum for sexual gratification is increasing, data 
regarding the frequency of these behaviors both past and 
present are limited. Current estimates are that less than 2% 
of adult males regularly practice anal receptive intercourse 
while between 2 and 10% participate in homosexual activ-
ity at any point in their life.4 Between 5 and 10% of females 
engage in anal receptive intercourse “with some degree of 
regularity” and females appear to be more likely than men to 
have unprotected anal intercourse.4

Difficulty in correct diagnosis and appropriate treatment 
of STD of the anorectum is caused by several factors. (1) The 
signs and symptoms of infection are more organ related than 
organism related so that no symptom or symptom complex or 
physical finding is diagnostic for many STDs. (2) The pres-
ence of more than one organism is not uncommon, especially 
with anogenital ulcerations. (3) Determining true pathogen 

from colonizing organism may be difficult. (4) Lastly, there 
is a lack of rapid sensitive diagnostic tests for many STDs so 
that empiric treatment is frequently required.

This chapter discusses the STDs that are most commonly 
seen by colorectal surgeons. Entire texts are devoted to 
STDs; however, we confine most of our comments to the 
diagnosis, treatment, and prevention of the anorectal compo-
nent of these infections. Infections, which manifest as one of 
the colitides, are covered in Chap. 34.

Overview of Anorectal Immunology

The optimal state of health of the anus requires the integ-
rity of the skin, which acts as the primary protection against 
invasive pathogens. The mucosa shed from the rectum con-
tains IgA, which traps foreign antigens and expels them with 
stool, preventing them from reaching the rectal crypt cells.5 
Cellular immunity is controlled by the Langerhan’s, or den-
ditric cells which communicate with the T cells through a 
complicated mechanism and essentially prime the T cells to 
identify foreign cells.6 This process allows the entire comple-
ment of cell-mediated immunity to destroy alien substances. 
Although study of anal immunology is still in its infancy, it 
appears that certain pathogens may alter the balance of cel-
lular elements. It is known that while Human papillomavirus 
(HPV) increases Langerhan’s cells, human immunodefi-
ciency virus (HIV) may damage their effectiveness. In addi-
tion, pathogens like HPV and herpes simplex virus (HSV) 
invade into the host cell, combining with cellular elements 
or the genome, evading surveillance mechanisms. In addi-
tion, in the case of HPV, the identifying foreign antigens are 
placed onto the frame of the new virus near the epidermis, 
where the virus normally sheds and where an attack by the 
host has little value.7

HIV is known to impair cell-mediated immunity by deple-
tion of T cells and destruction of Langerhan’s cells. This pro-
cess allows propagation of oncogenic processes such as HPV 
to become dysplastic. Although both exact switches and the 
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mechanism(s) have not yet been elucidated, they appear to 
be related to the coexistence of perhaps HSV and the highly 
active antiretroviral therapy (HAART) drugs.

Failure of the mucous complex to protect the rectum is 
seen in various diseases contracted through anal intercourse. 
The act of intercourse abrades the mucous lining and  delivers 
pathogens directly to the crypt and columnar cells allowing 
for easy entry. Depending on their mechanism of action, they 
may burrow into the cells (ameba) or proliferate on the cells 
without damaging them (G. neisseria). Invasive pathogens 
(LGV) unleash nefarious cytokines which destroy the cell. 
The immune response is usually too late to contain an acute 
attack. In the case of recurrent viral attacks, it appears that 
the level of functioning T cells may have an impact on recur-
rence of warts or herpes outbreaks. The mechanics of ano-
receptive intercourse, as compared to vaginal intercourse, 
almost demands denuding of the protecting cellular and 
mucous protection of the anus and rectum.

Latex allergies may also cause severe invasive and erosive 
proctitis and should be in the differential of a caustic burn to 
the rectum after protected sexual anoreceptive intercourse.

Diagnosis and Management of Bacterial 
Pathogens

Gonorrhea

Neisseria gonorrhea, the gram-negative diplococcus 
 (Figure 17-1) responsible for gonorrhea was first described 
by Albert Neisser in 1879 from exudates from urethritis and 
cervicitis.8 It is probably the most common bacterial STD 
affecting the anorectum. While gonorrhea rates decreased 
over the last several decades, in the mid-1990s the incidence 
slowly increased to the current rate of about 650,000 cases 
per year. Similar recent increases have been noted in Canada 
and the UK.9 Peak incidence for all forms of gonorrhea is in 

the late teens for females and early 20s for males. African 
Americans have a 30-fold higher rate of infection than do 
white Americans.

Infection from N. gonorrhoeae occurs in columnar, 
cuboidal, or noncornified epithelial lined cells of the ure-
thra, endocervix, rectum, and pharynx and is frequently 
asymptomatic. The incubation period ranges from 3 days 
to 2 weeks. Untreated infection may lead to disseminated 
gonococcal infection with transient bacteremia, arthritis, and 
dermatitis. Rare but severe sequelae include endocarditis 
and meningitis.

Anorectal transmission in homosexual males and in some 
females is by anoreceptive intercourse with an infected part-
ner. Thirty-five to fifty percent of women with gonococcal 
cervicitis have concomitant rectal infection which is believed 
to be from contiguous spread from the genital infection.10 
Oral–anal sex has been suggested as another mode of ano-
rectal gonococcal infection.11 A large percentage of patients 
who culture positive for rectal gonorrhea are asymptomatic – 
up to 50% of males and 95% of females. Asymptomatic 
 rectal infection constitutes the main reservoir of gonococcal 
disease in homosexual men.

Symptomatic anorectal gonococcal infection results in pru-
ritis, tenesmus, bloody discharge, mucopurulent discharge, 
or severe pain. External inspection of the anus is generally 
unremarkable; however, nonspecific erythema and superfi-
cial ulceration may occur (Figure 17-2). Anoscopy reveals 
a thick purulent discharge, which classically is expressed 
from the anal crypts as pressure is applied externally on the 
anus. Nonspecific proctitis may be present with erythema, 
edema, friability, and pus. Diagnosis is confirmed by cul-
ture on selective media (Thayer-Martin or Modified New 
York City) incubated in a CO

2
-rich environment and Gram’s 

stain of directly visualized discharge.12 The use of lubricants 
other than water may introduce antibacterial agents during 
anoscopy and decrease diagnostic yield. Nonculture detec-
tion of gonorrhea is being used more frequently especially in 

Figure 17-1. Gram-negative intracellular diplococcus. Figure 17-2. Anorectal gonorrhea.
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urethral and cervical infections. Nucleic acid amplification 
tests (NAATs), such as polymerase chain reaction (PCR), 
ligase chain reaction (LCR), and nonamplified DNA probes, 
provide sensitivities of greater than 95% but do not provide 
antibiotic susceptibility data. There are no NAATs currently 
licensed for the detection of rectal gonorrhea.13

Because of the prevalence of penicillinase-producing 
N. gonorrhoeae (PPNG) starting in the 1970s, penicillin G 
is no longer the drug of choice for gonorrhea. The most cur-
rent recommended treatment regimen from the Centers for 
Disease Control (CDC) was published in 2002 and is listed 
in Table 17-1. Since publication of these guidelines cefixime 
has become unavailable in the US alternative regimens 
include spectinomycin (2 g as a single intramuscular injec-
tion), other cephalosporins (ceftizoxime, cefoxitin, and cefo-
taxime), and other quinolones. Only a few isolates reported 
by the Gonococcal Isolate Surveillance Report (GISP) in 
the past 10 years showed decreased susceptibility to the 
cephalosporins listed in Table 17-1.15 Quinolone resistant 
N.  gonorrhea (QRNG) have been detected in the past decade 
with increasing frequency in Asia and the Pacific. In the 
USA, this is particularly important in Hawaii (where QRNG 
may account for as much as 14% of gonorrhea isolates) and 
California. In the UK, the overall rate of QRNG was reported 
at 9.8% for 2002.16 Concurrent HIV infection does not alter 
treatment for anorectal gonorrhea. Because of the high rate 
of concomitant infection with chlamydia, patients treated for 
gonococcal infections should be given appropriate treatment 
for chlamydia at the same visit or measures to exclude chla-
mydial infection should be taken.

Routine follow-up at 3 months is no longer necessary since 
current treatment provides near 100% efficacy. Patients with 
persistent symptoms after treatment should be followed and 
cultured as should those treated with nonstandard antibiot-
ics. Sexual partners from the past 60 days should be treated 
and patient should abstain from intercourse until treatment is 
completed and symptoms resolved.

Chlamydia/Lymphogranuloma Venereum (LGV)

Chlamydia trachomatis is an obligate intracellular bac-
terium that is sexually transmitted and results in clinical 
infections that are similar to those caused by N. gonorrhea. 
 Simultaneous infection with both organisms is common. 
Chlamydia is the most commonly reported STD in the USA 
with an annual incidence of about three million cases per 

year.17  Aggressive screening programs have been credited 
with the decline of the Chlamydia infection rate from its 
peak of over four  million per year in the early 1970s.

Anorectal transmission of chlamydia is through anorecep-
tive intercourse although secondary involvement can occur 
as a late manifestation of genital infection. Different serovars 
of C. trachomatis produce differing clinical illness. Serovars 
D through K (non-LGV) are responsible for proctitis and 
common genital infections. Lymphogranuloma venereum 
is caused by LGV serovars L1-L3. The incubation period 
for chlamydia is 5 days to 2 weeks. Non-LGV serovars are 
less invasive and cause mild proctitis (manifest by tenesmus, 
pain, and discharge) but asymptomatic infection is common. 
LGV serovars produce a much more aggressive infection 
with perianal, anal, and rectal ulceration. The proctitis pro-
duced can be difficult to distinguish from Crohn’s disease 
(including microscopic findings of granulomas) with result-
ing rectal pain and discharge. Anoscopy and sigmoidoscopy 
demonstrate friable rectal mucosa, which is more severe in 
appearance (and extends above the rectum in some cases) 
in LGV strains.18–20 Perianal abscesses, fistulas, and stric-
tures may also occur. Lymphadenopathy develops in drain-
ing nodal basins, including the iliac, perirectal, inguinal, and 
femoral regions several weeks after initial infection. Large 
indurated matted nodes (Figure 17-3) and overlying ery-
thema may produce a clinical picture similar to syphilis.

Diagnosis of chlamydia as the causative agent in proctitis 
can be difficult. Proper specimen collection increases diag-
nostic yield and consists of a cotton or Dacron swab with 
an inert shaft (plastic or metal). Specimen for tissue culture 
should be transported on specific medium and kept refriger-
ated or on ice until inoculated onto culture plates. Specimens 
that are to be tested by a nonculture technique are trans-
ported and stored in accordance with the test manufacturers 
guidelines. In patients with a clinical presentation consis-
tent with chlamydia proctitis, rectal Gram’s stain showing 
polymorphonuclear leukocytes without visible gonococci is 
presumptive for a diagnosis of chlamydia.20

Table 17-1. Treatment of anorectal gonococcal infection14

One of the following as a single dose:
Ceftriaxone – 125 mg IM
Ciprofloxacin – 500 mg orally
Ofloxacin – 400 mg orally
Levofloxacin – 250 mg orally
Cefixime – 400 mg orally

Figure 17-3. Inguinal adenopathy of LGV; LGV lymphogranuloma 
venereum.
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Tissue culture for chlamydia is relatively insensitive and 
is not widely available because of cost and technical require-
ments.21

Antigen detection by direct fluorescent antibody (DFA) 
or enzyme immunoassay DFA is highly specific, widely 
available and does not require rapid transportation or refrig-
eration. A trained microscopist is needed for interpretation. 
As with gonorrhea, newer NAATs are available. Their use 
is increasing in genital infection but unproven for anorec-
tal chlamydia. A pilot study using both PCR and LCR tech-
niques showed that these techniques can be effective for 
making this diagnosis but there are little additional data on 
the use of NAATs in anorectal chlamydia.22

The two recommended treatment regimens for rectal chla-
mydia (non-LGV) are azithromycin, 1 g orally as a single 
dose or doxycycline, 100 mg orally, twice a day for 7 days.14 
Alternative regimens include erythromycin (less effective, 
more GI side effects), ofloxacin (7-day course, more expen-
sive), or levofloxacin (7-day course, no data on efficacy). 
Treatment of lymphogranuloma venereum is with doxycy-
cline or erythromycin for 21 days. In patients with HIV and 
LGV prolonged therapy may be required. Management of 
sexual contacts is the same as for gonorrhea. Abstinence from 
sexual intercourse should last until 7 days after treatment 
with azithromycin or completion of 7 days of doxycycline.

Syphilis

Syphilis is an STD caused by the spirochete Treponema 
 pallidum that can present in one of several progressive stages 
– primary (chancre or proctitis), secondary (condyloma lata), 
or tertiary. The incidence of syphilis had its recent peak of 107 
cases per 100,000 people in the USA in 1991, but decreased 
to 2.2 per 100,000 in 2001, meaning that only 6,103 cases 
were reported. A slight increase in primary and secondary 
syphilis cases reported occurred in 2002.23 These low rates 
have led to a national plan for eliminating syphilis.24

The primary stage of anorectal syphilis appears within 
2–10 weeks of exposure via anal intercourse. The chancre 
begins as a small papule that eventually ulcerates. Anal ulcers 
are frequently painful (in contrast to genital ulcers) and with-
out exudates. They may be single or multiple  (Figures 17-4 
and 17-5) and located on the perianal skin, in the anal canal 
or distal rectum. Differentiation from idiopathic anal fissures 
may be difficult. Painless but prominent lymphadenopathy 
is common. Proctitis from syphilis may occur with or with-
out chancres.18 Untreated lesions in this stage usually heal in 
several weeks.

Hematogenous dissemination of untreated syphilis leads 
to a secondary stage that occurs 4–10 weeks after primary 
lesions appear. Nonspecific systemic symptoms from this 
infection include fever, malaise, arthralgias, weight loss, 
sore throat, and headache. A maculopapular rash is seen on 
the trunk and extremities. Condyloma lata, another second-
ary manifestation, are gray or whitish, wart-like lesions that 

appear adjacent to the primary chancre and are laden with 
spirochetes. Untreated, the symptoms of syphilis usually 
resolve after 3–12 weeks – of these patients, approximately 
one-fourth have a relapse of symptoms in the first year, a 
stage known as early latent syphilis.

Diagnosis in the primary or secondary stage is made by 
visualization of spirochetes on dark-field microscopic exam 

Figure 17-4. Solitary anal chancre.

Figure 17-5. Multiple anal chancres.
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of scrapings from chancres (Figure 17-6). Alternatively, 
 spirochetes may be demonstrated on Warthin-Starry silver  
stain of biopsy specimens. A DFA test for T. pallidum 
(DFA-TP) is performed by some labs.18,25 Serologic tests, 
rapid plasma regain (RPR) and Venereal Disease Research 
Laboratory (VDRL), have a false negative rate of up to 25% in 
primary syphilis and are called nontreponemal tests because 
they are not specific for T. pallidum infection. Positive non-
treponemal tests should be confirmed by a treponemal test, 
such as the fluorescent treponemal antibody absorption test 
(FTA-ABS), which remains positive for life.

A single intramuscular injection of 2.4 million units of 
benzathine penicillin G is the treatment for primary and 
secondary syphilis. Penicillin-allergic patients are treated 
with doxycyline (100 mg orally, twice daily for 14 days) or 
tetracycline (500 mg orally, four times a day for 14 days). 
Follow-up serology (VDRL or RPR) should be checked at 
6 months after therapy for HIV negative patients and every 
3 months for HIV positive patients.14 Treatment failures 
are retreated with the same dose of penicillin but at weekly 
intervals for a total of 3 weeks. Partner notification,  testing, 
and treatment depends on stage at diagnosis of the index 
case. At-risk partners include sexual contacts (a) within 
the prior 3 months plus duration of symptoms for patients 
with primary syphilis; (b) within the prior 6 months plus 
 duration of symptoms for patients with secondary syphilis 
and; (c) within the prior year for those with early latent 
syphilis.26

Chancroid

Chancroid is an ulcerating STD caused by the gram-negative, 
facultative anaerobic bacillus Hemophilus ducreyi. While 
there were approximately 5,000 cases reported per year in 
the late 1980s and early 1990s in the USA, there were fewer 
than 200 cases reported in 1999.1 It is much more common 
in developing countries with a global incidence estimated at 
six million.27

Transmission of H. ducreyi is strictly via sexual contacts 
through breaks in the skin during intercourse and results in 
genital ulcers. The initial manifestation (hour to days after 
exposure) is as infected tender papules with erythema that 
subsequently develop into pustules and then (days to weeks) 
become ulcerated and eroded. Multiple ulcers are common 
and are generally painful, especially in males. While chan-
croid ulcers are most commonly located on the genitalia, 
perianal abscesses and ulceration may occur. Anal ulcer-
ations in females may be the result of drainage from adjacent 
genital infections. Differentiation of other ulcerating STDs 
cannot be made on gross appearance in most cases.28 Painful 
inguinal adenopathy accompanies half of cases in males and 
is usually unilateral. Females are less likely to develop ade-
nopathy from H. ducreyi infection.29 Abscess formation may 
result, necessitating drainage. Besides causing genital ulcers, 
H. ducreyi facilitates transmission of HIV and vice versa.

Diagnosis of chancroid is made by Gram stain and cul-
ture of H. ducreyi (on selective medium agar) from the base 
of ulcers. Gram stain is only 40–60% sensitive relative to 
culture and demonstrates nonmotile Gram-negative rods 
in small groups. H. ducreyi is difficult to culture and many 
labs in the USA are not equipped to perform this test. PCR 
is more sensitive than culture for detecting H. ducreyi but 
is not commercially available at this time.30 Treatment for 
H. ducreyi is single dose treatment with azithromycin (1 g, 
orally) or ceftriaxone (250 mg, intramuscularly). Alterna-
tively, regimens include ciprofloxacin, 500 mg orally twice 
a day for 3 days or erythromycin 500 mg three times a day 
for 1 week.14

Granuloma Inguinale (Donovanosis)

Donovanosis is an ulcerating infection of the genitalia and 
anus caused by Calymmatobacterium granulomatis (also 
called Donovania granulomatis). Transmission is believed 
to occur from both sexual and nonsexual contact. It is rarely 
seen in the USA but is common in parts of Africa, South 
America, and Australia. Morphologic manifestations include 
and ulcerogranulomatous form (nontender, fleshy, beefy red 
ulcers), hypertrophic or verrucous lesions, necrotic ulcers, or 
cicatrical. Genital involvement is most common but contigu-
ous involvement of the anorectum occurs. Development of 
sclerotic lesions causes anal stenosis.31

C. granulomatis cannot be cultured by routine techniques. 
Diagnosis can be made by tissue smear or biopsy that reveals 
Donovan bodies (small inclusions) within macrophages. 
Several antibiotic regimens have been recommended, 
although the most recent CDC guidelines are doxycycline 
(100 mg orally, twice daily for 1 week) or trimethoprim-
sulfamethoxazole (one 800 mg/160 mg tablet orally, twice a 
day for at least 3 weeks).14 Alternative treatments include at 
least 3 weeks of ciprofloxacin, azithromycin, or erythromy-
cin. Some authors believe azithromycin to be the preferred 
treatment.31

Figure 17-6. Spirochetes demonstrated on dark-field microscopy.
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Diagnosis and Management of Viral 
Pathogens

Herpes Simplex Virus

HSV is a DNA virus of the family Herpesviridae that includes 
Varicella-Zoster virus, Epstein–Barr virus, and Cytomegalo-
virus (CMV). Herpes is the most prevalent STD in the USA 
with current the seroprevalence rate for HSV-2 estimated 
to be 20% for the general population.32 Black females are 
the subgroup with the highest seroprevalence at 55%. Two 
serotypes of HSV are described. HSV-2 has been most asso-
ciated with anogenital herpes infections. HSV-1 infection 
most commonly presents as labial oral or ocular lesions but 
accounts for about 30% of genital infections. Several recent 
reports have shown an increasing percentage of genital infec-
tions due to HSV-1;33,34 asymptomatic infection with HSV is 
common.

Transmission is via close contact with an individual who 
is shedding the virus and infection results from penetration 
of mucosal surfaces or breaks in the skin. Productive infec-
tion causes viral replication within cells and cell death. Clin-
ical infection presents first with systemic symptoms, such as 
fever, headache, and myalgias, followed by local symptoms, 
including pain and pruritis. Vesicles appear over the anogen-
ital area, increase in number and size, and eventually ulcer-
ate and coalesce (Figures 17-7 and 17-8). These vesicles and 
ulcerations generally heal over a mean time of 3 weeks.

Anorectal involvement by HSV-2 is acquired by anorectal 
intercourse and is second only to gonorrhea as a cause of 
proctitis in homosexual men. Herpetic infection of the ano-
rectum results in severe anal pain, tenesmus, hematochezia, 
dysuria, and rectal discharge. The proctitis seen is typically 
limited to the distal 10 cm of the rectum with diffuse friabil-
ity. Simultaneous with infection, HSV moves through periph-
eral sensory nerves to sensory or autonomic nerve root 
ganglia. Sacral radiculopathy of the lower sacral roots from 

this infection causes sacral paresthesias and neuralgias,  urinary 
retention, constipation, and impotence. Tender inguinal  
adenopathy occurs in half of patients with HSV proctitis.35

Herpes has the ability to persist in their host because of 
latency – the viral genome maintained in a stable condition 
in host cell nuclei. For HSV, the site of latent infection is the 
sensory ganglia of nerves innervating the site of infection. 
Reactivation of latent virus results in recurrent infection but 
the stimuli for this process are poorly understood.36 Recurrent 
attacks are generally milder, shorter in duration, and without 
the constitutional symptoms that occur with initial infection.

Diagnosis is frequently made by clinical evidence although 
cultures taken from ulcerations, rectal swabs, or biopsies 
confirm the diagnosis. Multinucleated giant cells with intra-
nuclear inclusion bodies (ground-glass appearance) on Pap 
smear or Tzank prep are less sensitive than viral culture. 
Direct immunofluorescence has also been used for diag-
nosing HSV.18 For cases in which cultures are not available, 
paired type-specific serology demonstrating seroconver-
sion is diagnostic. In the past 5 years, the Food and Drug 
Administration (FDA) have approved several commercially 
available HSV serology tests. These tests have specificities 
and sensitivities greater than 90% and are sure to become 
more commonly used in the diagnosis of HSV.37,38 It should 
be noted that seroconversion may take several weeks after 
initial infection and repeat testing intervals are dependent on 
the particular serology kit used.39

Treatment of patients with anorectal herpes includes 
comfort measures, such as warm soaks and oral analgesics. 
The only prospective randomized trial of antiviral treatment 
for herpes proctitis demonstrated a shortened duration of 
symptoms and period of viral shedding with oral acyclovir 
400 mg, five times a day for 10 days.40 A three times per 
day dosing has been shown to be effective for genital herpes 
but has not been evaluated for herpes proctitis.41 Other anti-
viral agents, such as valacyclovir and famciclovir used for 
genital herpes, are most likely effective for HSV proctitis at 

Figure 17-7. Perianal herpes. Figure 17-8. Perianal herpes.
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the same doses used for genitourinary infection but clinical 
studies for this indication are lacking. Severe mucocutane-
ous HSV infection in which the patient cannot tolerate oral 
medication warrants intravenous acyclovir. Topical acyclovir 
has limited efficacy and is not recommended. Treatment of 
initial episodes of HSV do not prevent latency, asymptom-
atic viral shedding, or the course of subsequent episodes. 
Recurrent episodes may be treated with oral antiviral agents. 
Valacyclovir (500 mg twice a day) and acyclovir (200 mg 
five times a day) have demonstrated equal efficacy in treating 
genitourinary HSV recurrences.42 Prompt initiation of treat-
ment at the onset of symptoms of HSV recurrence reduces 
the duration of symptoms and healing times. Patients who 
experience more than five recurrences per year are consid-
ered for suppressive treatment. Valacyclovir, acyclovir, and 
famciclovir have all demonstrated 70% or greater reduction 
compared to placebo.

As with all STDs, counseling of patients with HSV is an 
important part of treatment and prevention.41,42 Specific items 
that should be addressed are (1) infectivity is not isolated 
to symptomatic outbreaks; most sexual HSV transmission 
occurs during asymptomatic periods; (2) latent infection and 
the risk of recurrence; suppressive therapy does not elimi-
nate latent infection or viral shedding; (3) abstinence is rec-
ommended while lesions are present. Condoms are advised 
for all other times although they most likely provide incom-
plete protection. Most recently, once-daily administration of 
valacyclovir has been shown to reduce the risk of HSV-2 
transmission between HSV-2 seropositive patients and there 
seronegative sexual partners.43

Human Papilloma Virus

HPV is a DNA papovirus. It is the most common STD in the 
USA with an estimated incidence of over five million cases 
per year.1 There are over 80 subtypes of HPV, almost one-
third of which cause anogenital warts. Subtypes 6 and 11 are 
the most common of the low-risk HPV subtypes while sub-
types 16 and 18 have the greatest associated risk of anal dys-
plasia and anal cancer. Transmission is vial sexual contact 
with infected individuals with or without gross lesions and 
asymptomatic infection is common. Perianal involvement 
can occur in the absence of receptive anal intercourse.

Presenting complaints of perianal or anal condyloma 
accuminata include the presence of a growth, pruritis, bleed-
ing, chronic drainage, pain, and difficulty with hygiene. 
Physical examination is generally all that is required for diag-
nosis and shows the characteristic gray or pink fleshy, cau-
liflower-like growths of variable size in the perianal region 
(Figure 17-9). Anoscopy is an integral part of the evalua-
tion. In the anal canal, the lesions tend to be small papules 
and involvement above the dentate line is rare. Examination 
should focus on the genitalia, including vaginal speculum 
exam and Pap smear, as well as evaluation of the perineum 
and groin folds.

The goal of treatment of condyloma accuminata is destruc-
tion or removal of all obvious disease while minimizing mor-
bidity, although this process does not ensure eradication of 
infection. Tangential excision, cryotherapy, or fulguration of 
small lesions can be performed as an office procedure with 
a local anesthetic, and causing little discomfort or inconve-
nience to the patient. Larger lesions are treated by electrodes-
sication. The patient is placed in the lateral or prone jack-knife 
position. Depending on the size and number of lesions local, 
spinal, or general anesthesia is used. The superficial-most 
layer of the condyloma is fulgurated with the electrosurgery 
tip until the lesion takes on a gray–white appearance. This 
step is followed by curettage or simply abrading the fulgu-
rated tissue with gauze. The process is repeated until the 
condylomas are completely removed without burning into 
the deep dermis or subcutaneous fat. Pedunculated warts are 
simply transected at their base.  Tissue from HIV+ patients, 
recurrent lesions, flat lesions, or those suspicious lesions 
which may be ulcerated, friable, or hypervascular should 
be sent for histopathologic evaluation. Topical 5% lidocaine 
is helpful in decreasing postoperative pain. Oral analgesics 

Figure 17-9. Perianal condyloma.



302 C.B. Whitlow et al.

and daily cleansing with mild soap and water are all that is 
required for postoperative care in most patients. Silver sul-
fadiazine or mupirocin are applied in cases in which postop-
erative bacterial infection is suspected. Overall condyloma 
clearance rates for surgical techniques range from 60 to 90% 
with recurrence rates of 20–30%.44

The patient can apply topical agents like podofilox and 
imiquimod although neither agent is approved for use in the 
anal canal. Podofilox is the purified active component of the 
antimitotic plant resin podophyllin and is available as a 0.5% 
gel or solution. A treatment cycle consists of twice daily 
application for 3 days followed by no treatment for 4 days 
utilized for up to 1 month. Toxicity concerns are less than 
those issues with podophyllin while clearance rates for con-
dyloma of 35–80% have been reported. Recurrence rates in 
patients treated with podofilox are 10–20%.44–48 Imiquimod 
is an immune response modifier that increases local pro-
duction of interferon. A complete response can be expected 
in 50% of patients treated with imiquimod with 11% of 
patients experiencing a recurrence.44,49–51 It is applied at 
bedtime three times a week, left in place for 6–8 h and then 
removed by washing; treatment may take up to 16 weeks. 
One study demonstrated no benefit to increased dosing fre-
quency from one to two or even three times daily.52 Side 
effects of imiquimod include pain burning, itching, and 
ulceration which may require cessation of therapy. Imi-
quimod is used (1) as initial treatment with electrodessica-
tion reserved for those who have incomplete response or 
(2) following destructive treatment and epithelial healing 
to treat remaining disease or decrease recurrence (no ran-
domized data to support this use). Currently, imiquimod is 
not approved for anal canal use but this application is being 
investigated.53 Trichloracetic acid is applied topically and is 
useful for treating small lesions in the anal canal. Topical and 
intralesional interferon have been used to treat condyloma 
accuminata with mixed results. Other agents that have been 
used to treat anogenital condyloma but are not in widespread 
use include 5-FU cream, cidofovir and autologous vaccine.

Bushke and Loewenstein first described giant condyloma 
accuminata (GCA) in 1925.54 They are most associated with 
HPV types 6 and 11 but histologically demonstrate some dif-
ferences from ordinary condyloma – marked papillomato-
sis, acanthosis, thickened rete ridges, and increased mitotic 
activity. The substantial percentage of cases with in situ or 
invasive squamous cell cancers has lead to speculation that 
GCA represents part of a continuum from condyloma to 
invasive squamous cell cancer.

Wide local excision with a 1 cm margin is the treatment 
of choice for these lesions. Local tissue flaps or grafted skin 
may be required to repair surgical defects. Abdominal–
perineal resection has been used for GCA involving the anal 
sphincters. Chemoradiation is also an option in the treatment 
of GCA, especially in those patients who are poor surgical 
candidates or in whom clear surgical margin are not attain-
able.55 Complete regression of GCA with chemoradiation 
has been reported.56

HPV, Anal Intraepithelial Dysplasia,  
and Anal Cancer

While it is clear that HPV plays a significant role in the 
development of cervical cancer, its significance in the 
development of anal cancer (Figure 17-10) and its pre-
sumed precursor, anal intraepithelial dysplasia, is not as 
well defined. Parallels can be drawn between the anal canal 
and the cervical canal as they share embryologic and his-
tologic features. Furthermore, both canals derive from the 
embryonic cloacal membrane and both are areas where 
ectodermal and endodermal tissues fuse to form a transition 
zone from columnar epithelium to squamous epithelium.

Epidemiologic parallels can be drawn as well. Studies 
prior to the HIV infection epidemic showed the incidence of 
anal cancer in homosexual males to be 12.5–37 per 100,000 
in the USA57 This incidence is similar to the incidence of cer-
vical cancer prior routine Pap testing. The risk of anal cancer 
developing in an HIV+ homosexual male is estimated to be 
38 times that of the general population and twice the risk 
of an HIV− homosexual male.57,58 HPV infection has been 
reported in 93% of HIV+ homosexual males compared to 
60% of HIV− homosexual males.55

Anal cytology has been suggested as a screening tool for 
detecting patients with anal dysplasia. Applying the current 
cervical cytology terminology specimens are designated 
normal, atypical squamous cells of indeterminate signifi-
cance (ASCUS), low-grade squamous intraepithelial lesions 
(LSIL), or high-grade squamous intraepithelial lesions 
(HSIL). The benefit and best timing of this screening is unde-
termined. Evaluation and treatment algorithms as well as 
recommended testing schedules have been reported.59,60 One 
such evaluation and treatment algorithm recommends high-
resolution (with acetowhitening and staining with Lugol’s 
solutions) anoscopy with biopsy.60 Subsequent treatment is 
based on histologic findings which are typically reported as 
normal or anal epithelial neoplasia (AIN) I, II, or III. Options 
for treatment include local destruction (with topical agents, 

Figure 17-10. Anal cancer in HIV-positive patient; HIV human 
immunodeficiency virus.
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cryotherapy, or fulguration), excision, or observation. 
 However, there are limitations of our understanding of the 
relationship between HPV, AIN, and anal cancer that prevent 
the dogmatic recommendation and widespread acceptance of 
such an approach. First, the incidence and predictability of 
the progression of AIN to invasive cancer is unclear.61,62 The 
lack of inter- and intraobserver agreement in the interpreta-
tion of AIN no doubt contributes to this lack of understand-
ing.63 Second, data demonstrating efficacy, which is defined 
as long-term removal of AIN and prevention of anal cancer 
of treatment is lacking. The absence of established benefit 
combined with the morbidity of treatment leads us and oth-
ers to the recommendation that AIN, regardless of grade, be 
observed unless there are gross visual or palpable lesions or 
ulcerations present.

Two additional comments with regard to the association 
of HPV, HIV, and AIN should be made. First, the use of 
HAART (discussed further later in the section on HIV) does 
not reduce the incidence of AIN.64 The clinical implications 
of this fact are: (a) anal cytology screening should not be 
stopped just because a patient is treated with HAART and (b) 
with HIV patients living longer secondary to HAART, the 
incidence of anal cancers may increase. Second, the preva-
lence of HPV and AIN is high in HIV positive males with 
CD4+ counts less than 500 × 106 cells/L even in the absence 
of a history of anal intercourse.65 These patients should also 
be considered for cytologic screening.

Molluscum Contagiosum

The molluscum contagiosum virus is a member of the 
 poxvirus family and causes a benign papular condition of 
the skin. Transmission is by sexual and nonsexual  contact. 

The incubation period is 1–6 months, followed by the 
 development of 2–6 mm flesh-colored, umbilicated papules.66 
Symptoms are uncommon though pruritis or tenderness may 
occur. Immunocompromised hosts, such as those with HIV, 
are more prone to infection with molluscum contagiosum 
(compared to HIV negative) and may have a more severe 
form of the disease with hundreds of lesions. Diagnosis is 
usually made on clinical grounds but excisional biopsy dem-
onstrates enlarged epithelial cell with intracytoplasmic mol-
luscum bodies. Treatment is generally through eradication 
with curettage, electrodessication or cryotherapy. Podophyl-
lotoxin (0.5%) and imiquimod (5%) have both been used as 
self-applied topical preparations with success,67,68 although 
neither compound is FDA approved for this use.

HIV and the Acquired Immunodeficiency  
Syndrome

Infection from the HIV (originally called human t-lym-
photropic virus) related to acquired immunodeficiency 
syndrome (AIDS) was first described in 1983.69 The most 
current data available show that in 2005 there were approxi-
mately 433,760 people in the USA with AIDS and another 
215,653 with HIV infection not meeting the criteria for 
AIDS.70 Cumulative totals showed a total of 984,155 cases 
of AIDS in the USA through 2005 and a death rate of 51% in 
this group. While the incidence of HIV infection has appar-
ently stabilized, the numbers of new AIDS cases and deaths 
from AIDS have decreased. This fact is in large part due to 
HAART – combinations of potent anti-HIV drugs which 
are nucleoside analogs, nonnucleoside reverse transcriptase 
inhibitors, or protease inhibitors. Table 17-2 shows the cur-
rent classification system for patients who are HIV positive.

Table 17-2. Revised classification system for HIV and AIDS72

CD4+ T-lymphocyte categories
Category 1: greater than or equal to 500 cells/mL
Category 2: 200–499 cells/mL
Category 3: less than 200 cells/mL
Clinical categories
Category A: HIV positive; asymptomatic; persistent generalized lymphadenopathy
Category B: Symptomatic conditions not listed in clinical category C; are conditions that are attributed to HIV infection; or conditions that have a  

clinical course or require management that is complicated by HIV infection. Examples include: bacillary angiomatosis, oropharyngeal or vulvovaginal 
candidiasis, cervical dysplasia, diarrhea (greater than 1 month in duration), more than one episode of herpes zoster, pelvic inflammatory disease, 
peripheral neuropathy

Category C: Diagnoses included in the AIDS surveillance case definition – candidiasis (pulmonary or esophageal), invasive cervical cancer,  
Coccydiomycosis, extrapulmonary cryptococcosis, chronic intestinal Cryptosporidiosis, Cytomegalovirus disease (other than liver, spleen, nodes) or 
retinitis, HIV-encephalopathy, HSV (chronic ulcers, pulmonary or esophageal), Histoplasmosis (disseminated or extrapulmonary), Isosporiasis (chronic 
intestinal), Kaposi’s sarcoma, Burkitt’s lymphoma, immunoblastic lymphoma, primary brain lymphoma, Mycobacterium avium complex or any 
mycobacterium species other than M. tuberculosis (extrapulmonary or disseminated), Mycobacterium tuberculosis, Pneumocystis carinii pneumonia, 
progressive focal leukoencephalopathy, recurrent Salmonella speticemia, Toxoplasmosis of the brain, HIV wasting syndrome

Clinical categories
CD4+ categories A1 B1 C1

A2 B2 C2
A3 B3 C3

Bold italic groups are defined as AIDS.
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Surgery for anorectal diseases is the most common indi-
cation for surgery in HIV infected patients and in 5% of 
patients, their anorectal complaint is the presenting symp-
tom of their HIV infection.71 Most of the indications for sur-
gery are common to the population at large but some are 
unique to AIDS patients. Several studies demonstrate poor 
wound healing and increased morbidity in the surgical treat-
ment of anorectal disease in AIDS patients.72–74 Delayed or 
failed wound healing has been associated with the presence 
of AIDS, decreased absolute leukocyte count, and decreased 
CD4 count. Morandi et al. found that at 32 weeks after hem-
orrhoidectomy, 50% of AIDS patients had incompletely 
healed wounds. The overall complication rate was signifi-
cantly higher in the AIDS group than in HIV+ patients with-
out AIDS.73 Conversely, Lord reported decreased wound 
healing in HIV+ patients with T-lymphocyte count of less 
than 50.75 Others have shown longer interval and decreased 
complete wound healing in HIV+ patients with CD4+ 
T-lymphocyte counts of less than 200.74 The studies reviewed 
above describe patients who were not treated with HAART. 
There is a lack of data describing wound healing in anorectal 
surgery since the widespread use of HAART; however, the 
observation of the authors is that compensated HIV+ patients 
are at no significant risk of increased complications from 
anorectal surgery. Other factors to be considered in selecting 
appropriate treatment include any untreatable diarrheal con-
ditions, degree of existing fecal incontinence, and the effect 
of the proposed surgical procedure on incontinence.

Anal fissures that occur in HIV+ patients must be 
 distinguished from idiopathic AIDS-related anal ulcers  
(Figure 17-11) and ulcerating STDs, such as HSV or syphi-
lis. Anal fissures in this patient population are indistinguish-
able from those in the general population and their treatment 
is similar – initial conservative management with surgery for 
treatment failures.76,77 Treatment of fissures in HIV+ patients 
is modified by the factors described previously and include 
controlling diarrhea when possible and encouraging absti-
nence from anoreceptive intercourse.

While data on the incidence of AIDS-related anal ulcers is 
lacking, it appears that they are less common with HAART 
because the lesions are most frequently associated with 
clinical AIDS and lower CD4+ counts. These ulcers can be 
 distinguished from typical anal fissures because they are 
more proximal in the anal canal (frequently above the dentate 
line or anorectal ring), broader based, deeply ulcerating with 
the destruction of sphincter planes, and may demonstrate 
mucosal bridging. Debilitating pain is a common presenting 
symptom of these ulcers. Surgical debridement allows for 
adequate drainage of feculent or purulent material trapped 
in the ulcer and removal of necrotic debris. Biopsy and cul-
ture identifies potentially treatable causes for ulceration – 
 malignancy, acid-fast bacilli, HSV, H. ducreyi, T. pallidum. 
CMV has been cultured from these ulcers by some authors 
but is apparently not causal and therefore does not require 
treatment. Intralesional injection with steroids (methylpred-
nisolone 80–160 mg, in 1 cc 0.25% bupivacaine) provides 
relief in the majority of patients but not healing.78 Patients 
who have persistent pain are reinjected at their ulcer sites.

Perianal suppurative diseases are common conditions in 
AIDS patients. Abscesses should be drained using small 
incisions and the placement of a mushroom catheter lessens 
recurrent sepsis. Broad spectrum antibiotics should be given 
in immune compromised especially if cellulitis is present. 
Culture (to include mycobacterium) and histopathologic 
evaluation identifies infection from atypical organisms and 
malignancy.

Naldal et al. reported on fistulotomies performed in 31 
HIV+ patients. Seven patients had failure of wound healing 
and all had clinical AIDS, CD4+ counts of less than 200, and 
absolute leukocyte counts of less than 3,000/mm3.74 Based 
on this, the authors treat anal fistulas in AIDS patients with 
high viral loads and low CD4+ counts similar to Crohn’s 
patients. Draining setons are placed liberally with selective 
use of fistulotomy for low uncomplicated fistulas. Fistulo-
tomy in HIV+ patients with AIDS and normal CD4+ counts 
is based on criteria similar to HIV− patients.

Thrombosed external hemorrhoids in patients with AIDS 
are treated the same as for HIV− patients. Acute thrombosis 
(24–48 h after onset of symptoms) is treated with excision. 
Subacute thrombosis (longer than 48 h from symptom onset) 
is treated conservatively with Sitz baths and oral analgesics.

Internal hemorrhoids present with symptoms of bleeding 
or prolapse. Initial treatment in patients with AIDS is with a 
high fiber diet and bulking agents. Proximal colonic sources 
of bleeding should be excluded via colonoscopy. Patients 
who fail initial conservative measures are treated with rub-
ber band ligation or infrared coagulation. Other nonopera-
tive techniques, such as bipolar coagulation, cryotherapy, or 
injection sclerotherapy, are acceptable. There are conflicting 
recommendations for operative treatment of hemorrhoids 
published within the last decade. In a retrospective study, 
Hewitt et al. found no difference in wound healing between 
HIV+ and HIV− patients.79 The mean CD4+ count was 301 
but they classified 81% of patients as having AIDS based on Figure 17-11. AIDS and ulcer.
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symptoms or CD4 count less than 200. In the discussion, the 
authors comment that the majority of their patients were well 
nourished and otherwise healthy. They conclude that HIV 
status should not alter the indications for surgery in patients 
with symptomatic hemorrhoids. In contrast, as mentioned, 
Morandi et al. prospectively evaluated healing time after hem-
orrhoidectomy.73 Functional status and the presence of AIDS 
were the two factors that correlated with poor wound healing. 
AIDS patients with nonhealing had a mean CD4+ count of 
79. Unfortunately, they do not comment relief of hemorrhoid 
symptoms. It appears that asymptomatic HIV+ patients and 
who do not meet the clinical or CD4+ count diagnostic crite-
ria for AIDS (Table 17-2) can be treated with hemorrhoidec-
tomy with the expectation that they have good symptomatic 
relief and normal wound healing. AIDS patients with more 
advanced disease (clinical category C) or low CD4+ counts 
(especially less than 100) are at increased risk for wound 
healing problems. The benefit of symptomatic relief may still 
warrant performing surgical treatment in this group.76
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Fecal Incontinence
Dana R. Sands and Mari A. Madsen

Introduction

Fecal incontinence is a socially devastating condition, affecting 
between 1.4 and 18% of the population and up to 50% of all 
nursing home residents.1,2 It has been defined as “recurrent 
uncontrolled passage of fecal material for at least 1 month,”3 
while partial incontinence is typically described as inability 
to control the passage of flatus and fecal soiling.

Populations at risk for fecal incontinence include: parous 
females, patients with cognitive impairment, neurologic disor-
ders, and nursing home residents.4,5 In fact, fecal incontinence 
is the second leading reason for admission to nursing homes.6 
As a result of the social stigma and the fear for loss of auton-
omy, the true incidence of this problem is believed to be vastly 
under reported. It has been dubbed the “silent affliction.”7

Etiology

It is important to realize that fecal incontinence is not a diag-
nosis, but a symptom of which there are multiple causes. 
Normal bowel continence requires a complex integration 
of function between the anal sphincters, pelvic floor, stool 
volume/consistency, rectal compliance, and neurologic func-
tion. It is first necessary to determine if the patient is having 
true fecal incontinence. Pseudo incontinence can be caused 
by a variety of anorectal conditions including hemorrhoidal 
prolapse, incomplete evacuation, poor hygiene, fistula-in-
ano, dermatologic conditions, anorectal sexually transmitted 
diseases (STDs), and anorectal neoplasms. Fecal urgency 
from a noncompliant rectum can also cause incontinence. 
Consideration should be given to other disease states such 
as inflammatory bowel disease and radiation proctitis. The 
diagnosis of overflow incontinence from incomplete rectal 
evacuation should also be entertained in patients whose his-
tory indicates this condition.

A thorough history will allow the examiner to diagnose 
a diarrheal state as the etiology of the incontinence. Any 
change in bowel habits with diarrhea should be excluded. 

Various systemic disease states can affect continence. In 
the appropriate patient, central nervous system pathology 
including spinal cord injury and neoplasm should be part of 
the differential diagnosis. Autonomic neuropathies such as 
diabetes can also cause derangements in continence.

Perhaps the more common etiologies of incontinence 
treated by the colorectal surgeon are those that pertain to 
abnormal pelvic floor function. Anal sphincter injury can 
be the result of obstetric injury, direct trauma, neoplasm, 
or rectal prolapse. Obstetric injury is a common occurrence 
with occult tears of the anal sphincter reported in 25–35% 
of women after vaginal delivery.8,9 The incidence of obstetric 
tears has been reported from 0.6 to 9% in the literature.10,11 
Factors that affect the risk for developing obstetric tears are 
use of forceps, mediolateral episiotomy, and primiparity.12,13

Denervation injuries to the pelvic floor are also common 
sequelae of childbirth; 60% of patients with an obstetric tear 
also have evidence of pudendal nerve damage.14,15 The mech-
anism of pelvic floor denervation appears to be a result of 
compression or traction injury to the pudendal nerves during 
vaginal delivery, particularly when it is prolonged or requires 
forceps assistance. High birth weight is also a risk factor for 
compression injury. The end stage of denervation injury is 
pelvic floor failure and descending perineum syndrome.

Iatrogenic injury to the anal sphincter musculature is 
also a cause of fecal incontinence. Incontinence after sur-
gery for fissure with lateral internal sphincterotomy is not 
uncommon.16,17 Fistulotomy is also associated with seep-
age and soiling and incontinence rates reported as high as 
35–45%.18,19 Local sphincter lesions and intra-anal scarring 
(keyhole deformity) are not the sole explanation for the high 
incidence of incontinence since it also occurs after non-
muscle-cutting anorectal surgery such as anal stretch,20 hem-
orrhoidectomy,21 and transanal advancement flaps.22

Patients who have suffered from congenital malforma-
tions including spina bifida, imperforate anus, and myelom-
eningocele often have severe alterations of continence and 
evacuatory function. The difficulty is related not only to 
the function of the pelvic floor musculature but also to the 
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 proprioceptive response of the rectum. Radiation therapy can 
result in fecal incontinence from both a direct damage to the 
anal sphincter as well as through its effect on the compliance 
of the rectum.

Diagnosis

History

The first step in the evaluation of any medical condition is to 
attain a thorough patient history. Patients with fecal inconti-
nence are often embarrassed and reluctant to provide details 
of the problem unless specifically asked. It is important to 
create a comfortable environment for the patient during the 
history and physical examination. The onset of the symp-
toms can provide useful insight into the etiology of the prob-
lem. A thorough obstetric and surgical history is imperative. 
Other neurologic conditions should be considered as well. 
Changes in bowel consistency are a common cause of fecal 
incontinence which can be overlooked by many physicians. 
Any cause of diarrhea should be explored as a potential etiol-
ogy of the patients’ symptoms especially if there is a tempo-
ral relationship.

After appropriate questioning, the physician will often be 
able to determine if the patient has active or passive inconti-
nence. Active (urge) incontinence, or the loss of stool despite 
the patients’ best efforts to control it, will lead the physi-
cian to consider etiologies which involve an intact sensory 
mechanism with a derangement in the external anal sphincter 
function.23 Passive incontinence, or the loss of stool without 
the patient’s awareness, will lead the examiner to consider 
internal anal sphincter pathology or neurologic etiologies.

It is helpful to quantify the degree of the fecal inconti-
nence. Numerous scoring systems have been used to evalu-
ate incontinence. When utilizing these tools, it is important 
to take into account the impact of the patient’s perception of 
the severity of their symptoms and their response to treat-
ment.24 The Cleveland Clinic Florida Fecal Incontinence 
Score (CCF-FIS) is an independently validated tool which 
has the benefit of ease of use combined with incorporation 
of a quality of life component (Table 18-1).25

An often overlooked component of the history of the 
patient suffering from fecal incontinence is the presence of 
other pelvic floor complaints. Physicians should be sure to 
inquire about the presence of any form of rectal prolapse as 
well as the presence of urinary incontinence or genital organ 
prolapse. It has been noted that there is a significant overlap 
of symptoms in this complex patient population.

Physical Examination

A complete physical examination will include inspection of 
the perianal skin for scars from prior surgeries, trauma or 
birthing injuries, fistulae, excoriation from chronic soiling, 

or large prolapsing hemorrhoids. A specific evaluation of the 
perineal body in parous females should include palpation to 
determine if it is thinned. At rest, the anal canal should be 
well approximated, not patulous. A patulous anus suggests a 
possible rectal prolapse, which is best reproduced by asking 
the patient to Valsalva while sitting on a toilet or squatting. 
Checking the perianal sensation to pinprick as well as the 
anocutaneous “wink” reflex will serve as a simple assess-
ment of neurologic function.

Digital rectal examination can reveal masses or a fecal 
impaction. It also provides a gross assessment of both rest-
ing tone and voluntary squeeze. With some attention, it is 
possible to discern contraction of the puborectalis in the 
upper canal versus constriction of the external anal sphincter. 
Lastly, anoscopy or potentially a rigid vs. flexible proctosig-
moidoscopy may reveal inflammatory bowel disease, infec-
tious proctitis, or neoplastic process if suspected.

Diagnostic Studies

Endoanal Ultrasound

Endosonography has become the diagnostic cornerstone of 
the anorectal physiologic evaluation of fecal incontinence. 
Endoluminal ultrasonography has been utilized extensively 
to delineate anal canal anatomy. Pulsed sound waves emitted 
from a luminally placed transducer create transverse images 
of the anal canal. The efficacy of this technique was demon-
strated by Sultan et al.26 who have used cadaveric and sur-
gical specimens to correlate ultrasonographic findings with 
anatomic dissection. Their findings were further confirmed 
with histopathologic evaluation of the dissected specimens. 
This test is well tolerated and provides physicians with 
important information about the anatomy of patients suf-
fering from incontinence, fistulous disease, and anal pain. 
The ultrasound provides excellent imaging of the internal 
anal sphincter which appears hypoechoic (Figure 18-1). The 
external sphincter is hyperechoic and scar tissue often has a 
mixed echogenecity appearance. Obviously, the most impor-
tant parameter is to determine if the musculature is intact or 
if there are traumatic defects present. When present, defects 

Table 18-1. Cleveland Clinic Florida Fecal Incontinence Score 
(CCF-FIS)

Type of  
incontinence

Frequency

Never Rarely Sometimes Usually Always

Solid 0 1 2 3 4
Liquid 0 1 2 3 4
Gas 0 1 2 3 4
Pad usage 0 1 2 3 4
Lifestyle  

impact
0 1 2 3 4

0 = perfect continence.
20 = complete incontinence.
Never = 0, rarely = <1/month, sometimes = >1/month, <1/week, usually  
= >1/week, <1/day, always = >1/day.
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in the musculature should be measured. Additionally, the 
perineal body thickness (PBT) should be measured. PBT 
less than 10 mm is considered abnormal, and those patients 
with PBT greater than 12 mm are considered unlikely to 
have a sphincter defect in the absence of prior reconstructive 
surgery (Figure 18-2).27

Anorectal Manometry

Anorectal manometry provides important information about 
the functional status of the anal sphincters and distal rectum. 
There is no standardized method of manometric evaluation. 

Several methods have been described.28 Microtransducers can 
be used in the anal canal and are well tolerated by patients. 
Multichannel water-perfused catheters are perhaps the most 
common tool used to perform anal manometry. Flow rates 
of 0.3 mL per channel per minute are required to adequately 
measure outflow pressure.29 Higher flow rates can result in 
accumulation of fluid and distortion of the measurements.

The resistance of flow of fluid from the catheter deter-
mines pressure measurements. Measurements can be taken 
in a continuous fashion (continuous pull through) or at 
set levels within the anal canal (station pull through). The 
continuous pull-through technique requires the catheter to 
be removed at a continuous speed from the anal canal.  
A computerized motor is used for this purpose. This tech-
nique can provide a detailed recording of both the radial and 
longitudinal pressure profiles. Computer analysis can then 
generate a three dimensional representation of the anal canal. 
The stationary pull-through technique measures anal canal 
pressures at 1 cm increments in the anal canal. It has been 
theorized that this method provides a more accurate assess-
ment of anal pressures because there is a stabilization period 
before each reading, thereby reducing artifact.30

Measurements

Resting Pressure. The mean resting pressure in healthy 
volunteers ranges from 40 to 70 mmHg. The internal anal 
sphincter generates the majority of the resting pressure.31 
This smooth muscle is in a continuous state of maximal con-
traction accounting for 55–60% of resting tone. The external 
anal sphincter contributes less to the resting anal tone. The 
final determinant of resting anal tone is the contribution of 
the hemorrhoidal plexi. Patients with alterations in conti-
nence related to the internal anal sphincter often have low 
baseline resting pressure.

Squeeze Pressure. The maximal squeeze pressure in healthy 
individuals is two to three times the baseline resting value. 
The external anal sphincter is the main contributor to the 
generation of these pressures. Traumatic defects of the exter-
nal anal sphincter, whether from obstetric or surgery, often 
result in decreased squeeze pressures.

High-Pressure Zone. The high-pressure zone is defined as 
the length of the internal anal sphincter, through which pres-
sures are greater than half of the maximal resting pressure. 
The high-pressure zone is approximately 2–3 cm in women 
and 2.5–3.5 cm in men.28

Rectoanal Inhibitory Reflex. The rectoanal inhibitory reflex 
(RAIR) is thought to play a role in the fine adjustments of con-
tinence. Rectal distension, usually with small volumes (10–
30 mL), causes a contraction of the external anal sphincter 
followed by a pronounced internal anal sphincter relaxation. 
This reflex enables the sensory mucosa of the anal canal to 
“sample” the contents of the distal rectum and the patient to 
distinguish between gas, liquid, and solid stool. This reflex is 

Figure 18-1. Normal endoanal ultrasound. The red line illustrates 
the lateral border of the external anal sphincter (hyperechoic) while 
the yellow depicts the lateral border of the internal anal sphincter 
(hypoechoic).

Figure 18-2. Endoanal ultrasound with anterior sphincter defect 
(internal and external).
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absent or abnormal in patients with Hirschsprung’s disease, 
Chagas’ disease, dermatomyositis, and scleroderma.

Rectal Sensation. Alterations in rectal sensation can lead 
to decreased fecal continence. Rectal sensation is measured 
with an intrarectal balloon and incremental instillation of 
known volumes of air. Sensation is generally achieved with 
40 mL air. Overflow incontinence can result from a decrease 
in rectal sensation and subsequent fecal impaction.

Rectal Compliance. Compliance is determined by the change 
in pressure associated with a change in volume (C = V/P). 
This is calculated by subtracting the volume of first sensa-
tion from the maximum tolerable volume and dividing by 
the change in pressure at these two points. A noncompliant 
rectum can contribute to fecal incontinence as the patient is 
not able to accommodate the amount of stool presented to the 
rectum. This is common in conditions which cause proctitis.

Pudendal Nerve Terminal Motor Latency

Pudendal neuropathy has been implicated in the etiology of 
fecal and urinary incontinence. Assessment of the puden-
dal nerve terminal motor latency (PNTML) is an important 
component to the evaluation of the patient with fecal incon-
tinence. A disposable electrode is attached to the examiner’s 
finger which is then directed toward the ischial spine and 
electrical impulses are delivered to the pudendal nerve. The 
time for response at the level of the external anal sphincter is 
measured. Normal response is within 2.0 ± 0.2 ms. Pudendal 
neuropathy has been implicated in poor outcome after ante-
rior overlapping sphincteroplasty.32,33 The presence of puden-
dal neuropathy in the setting of an external anal sphincter 
defect does not preclude repair34; however, the patient can be 
appropriately counseled in the preoperative and the possible 
need for future intervention can be discussed.

Electromyography

Anal electromyography (EMG) relies on the use of a concen-
tric needle electrode to record electrical activity generated by 
the anal sphincter muscle fibers. Sequential recordings of the 
motor unit potentials are taken circumferentially around the 
anal canal. This technique is used to “map” the external anal 
sphincter and document neuromuscular integrity.35 While 
this test is more uncomfortable than anal ultrasound, it can 
provide useful data about the physiologic status of the spe-
cific portions of the anal sphincter. This is a useful adjunct 
when there is excessive scarring on the anal ultrasound.36

Defecography

Defecography is the radiological visualization of the act of 
defecation. It provides a picture of the successive phases of 
defecation and gives a dynamic impression of pelvic floor 
activity during these actions. Changes in the rectal configu-
ration and the anorectal angle become visible and the degree 

of evacuation can be studied. It has become evident that it 
can demonstrate abnormalities that were unsuspected on 
clinical examination. While typically utilized in the evalu-
ation of patients suffering from constipation, the value of 
defecography in the evaluation of fecal incontinence is to 
demonstrate the presence of incomplete evacuation thereby 
leading the physician to consider overflow incontinence as 
the cause of the patient’s symptoms.

Colonoscopy

Endoscopic evaluation of the colon can rectum should be 
undertaken in the evaluation of patients suffering from fecal 
incontinence. This will allow for the exclusion of any lesions 
within the lumen of the bowel as well as to ensure that there 
is no evidence of any inflammatory conditions which could 
be causing a change in the stool consistency or rectal com-
pliance.

Treatment

Nonoperative Management

Medical Therapies

There are a variety of pharmacotherapies available for the 
medical management of fecal incontinence, but ultimately 
the number of randomized, placebo-controlled trials is lim-
ited. In fact, the Cochrane Database systemic review on the 
subject stated “there is little evidence with which to assess 
the use of drug therapies for the management of fecal incon-
tinence.”37 That said, medical management therapies are 
broadly broken down into the following categories: bulk-
ing agents, constipating agents, and laxative regimen with 
scheduled disimpactions.

As is suggested by the wide differential diagnosis leading 
to fecal incontinence, the first step for controlling the incon-
tinence is determination of the underlying cause. Certain 
etiologies, such as chronic diarrhea, chronic constipation, 
certain neurologic conditions and systemic diseases, such as 
diabetes, are best targeted through medical management. At 
a minimum, use of medical therapies is an important adjunct 
to mitigate the impact of fecal incontinence.

Bulking Agents

Fiber, both natural and synthetic, has long been a staple in 
treatment of minor fecal incontinence. It has the benefit of 
adding bulk and has the ability to absorb additional fluid, 
providing a more solid stool in the face of mild chronic 
diarrhea. In laboratory studies calcium polycarbophil (Kon-
syl®, FiberCon®) a synthetic, insoluble fiber was able to 
absorb 70 times its weight in fluid, thereby reducing fecal 
water content.38 Conversely, in constipation, calcium poly-
carbophil increases stool frequency and weight without 
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leading to diarrhea.39 Bliss et al.40 were able to demonstrate 
a 50% reduction in incontinence episodes by adding daily 
fiber supplementation in 39 patients for 1 month.

Constipating Agents

In patients with chronic diarrhea, up to 50% also suffer from 
incontinence.41 In patients with diarrhea-predominant irrita-
ble bowel syndrome, it is estimated that 20% have associated 
fecal incontinence.42 It therefore stands to reason that use of 
constipation inducing drugs, such as loperamide, codeine, 
dephenoxylate plus atropine, difenoxin plus atropine, and 
amitriptyline, are of utility for this group of patients. Lop-
eramide is a synthetic opioid which inhibits small and large 
intestinal peristalsis via the m (Mu) receptors in the gut. 
It has also been shown to increase anal resting sphincter pres-
sure, improve rectal sensation, and retention of fluid load, as 
well as increase the RAIR.43,44 Amitriptyline has also been 
suggested as therapy based on its anticholinergic properties 
leading to a reduction in the frequency and amplitude of rec-
tal motor complexes.45

Laxative Regimen with Scheduled Disimpactions

In contrast to patients with diarrhea, patients with consti-
pation and fecal impaction experience fecal incontinence 
secondary to overflow incontinence. Chassagne et al.46 com-
pared a regimen of 30 g lactulose daily to 30 g of lactulose 
daily with the addition of a daily glycerin suppository and 
a weekly tap-water enema in 206 institutionalized elderly 
patients with a history of prior fecal impaction and at least 
weekly episodes of fecal incontinence. The patients receiv-
ing the suppositories and weekly enemas in addition to the 
lactulose had a 35% reduction in fecal incontinence episodes 
and a 42% reduction in soiled laundry.

Biofeedback

The goal of biofeedback is to use visual, auditory, or other 
forms of sensory information to improve a patient’s ability 
to sense rectal distention and reinforce appropriate sphincter 
contraction. In 1974, Engel et al.47 pioneered the technique 
and published their results on six patients with fecal inconti-
nence using a Miller–Abbott balloon as a sensor attached to 
a polygraph to improve the quality of Kegel exercises. Hey-
men et al.48 designed a randomized controlled trial in three 
phases comparing manometric biofeedback to pelvic floor 
exercises for fecal incontinence, with the aim of reducing 
the impact of confounding factors by providing all patients 
with a 4-week pretreatment education and a similar sched-
ule of training visits for both groups. At the completion of 
the study 44% of patients in the biofeedback group were 
able to achieve complete continence vs. 21% in the pelvic 
floor exercise group (P = 0.008). A greater increase in anal 
canal squeeze pressure was seen in the biofeedback group 

(P = 0.014) and at 3 months 76% of patients treated with bio-
feedback compared to 41% of patients treated with pelvic 
floor exercises reported adequate relief of their fecal incon-
tinence (P < 0.001). It is interesting to note that both groups 
showed a significant improvement in episodes of fecal incon-
tinence after the 4-week pretreatment phase (P < 0.001) and 
only a trend in favor of the biofeedback group at 3 month 
posttreatment follow-up (P = 0.083).

Published studies typically demonstrate improvement 
in continence for both adults and children49,50 as a result 
of biofeedback in over 70% of the patients.51–54 Current 
described methods are widely variable and include weekly 
or bi-weekly sessions of 30 or 60 min, use of home prac-
tice machines, EMG, manometry, and even ultrasound.55 The 
Cochrane Database systemic review of the subject included 
11 randomized controlled trials and concluded that there is 
no one method of biofeedback which has been demonstrated 
superior over the others, nor that biofeedback is conclusively 
better than conservative measures such as pelvic floor exer-
cises, dietary measures, and pharmacologic agents.55

Long-term, the benefits of biofeedback are less clear, with 
many authorities suggesting an attenuation of results and the 
need for “refresher” training sessions. Regardless, a trial of 
biofeedback is considered an important noninvasive, first-
line therapeutic option for highly motivated patients who 
have failed medical management.56 Factors associated with 
short-term treatment success are completion of a full six 
training sessions, female gender, older age (<61), and more 
severe incontinence.54

Secca® Procedure

The Secca® procedure involves the use of radiofrequency 
delivered as an alternating current at high frequency lead-
ing to frictional movement of ions and generation of heat, or 
thermal energy. As a result of the delivered thermal energy, 
there is immediate contraction of collagen fibers which 
are then permanently shortened via remodeling resulting in a 
tightening of the muscle.57 Radiofrequency has been used for 
treatment of gastroesophageal reflux disease (GERD),58 joint 
capsule instability,59 benign prostatic hypertrophy,60 and even 
sleep apnea.61

The technique is a modification of the Stretta procedure, 
developed for the treatment of gastroesophageal reflux. In 
Secca®, the radiofrequency is delivered to the anal sphinc-
ter under constant monitoring of the temperature and tissue 
impedance while simultaneously cooling the probes at the 
surface to minimize mucosal damage. The current is auto-
matically ceased if the tissue temperature rises above 85°C at 
the electrode tip or above 42°C at the anoderm surface.

The patients selected are generally those with mild to 
moderate complaints of fecal incontinence who have failed 
conservative measures including dietary modification, pharma-
cotherapy and biofeedback, and do not have a demonstrable 
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sphincter defect. To date, the studies have been limited by 
either small sample size or length of follow-up. Complica-
tions have been minor, and include bleeding and ulceration at 
an application site which can be immediate or delayed requir-
ing a return to the operating room for oversewing.62

The Secca® procedure is typically performed in an out-
patient, ambulatory setting under intravenous sedation with 
local anesthetic. Prophylactic antibiotics are given. The 
patient is positioned in either prone jack-knife or lithotomy, 
following which, the handpiece is inserted into the anal canal 
and lined up so the four needle electrodes will be deployed 
at the level of the dentate line. Radiofrequency is then deliv-
ered for 90 s to one quadrant. The process is then repeated 
for each of the four quadrants and at 5 mm level increments 
proximal to the dentate line. Dependant on the length of the 
anal canal, there should be 16–20 application sites.

Takehashi et al.62 recently published their results on 19 
patients at 5 years of follow-up, showing a durable improve-
ment in mean CCF-FIS from 14.37 to 8.26 (P < 0.00025). In 
16 of the patients there was a >50% improvement in their 
incontinence score. The results are encouraging, but addi-
tional studies are warranted. Table 18-2 summarizes the 
results of the Secca® procedure for fecal incontinence.62–65

Injectables

Injection of a biocompatible bulking agent has been adapted 
from its initial reported successful application in the treat-
ment of urinary incontinence.66 Its chief application is for 
the treatment of minor fecal incontinence due to internal 
anal sphincter dysfunction.56 This option gains significance 
because surgical repair of the internal anal sphincter has not 
been shown to be effective,67–69 whereas more aggressive 
operations and their attendant complications are typically 
out of proportion to the complaints of this specific patient 
population. Proponents of this therapy cite the fact that it 
is a safe, minimally invasive therapy, typically administered 
on an outpatient basis, in some instances in an office setting 
with minimal complications under local anesthetic alone or 
with intravenous sedation.70–73

The technique involves injection of a bulking agent either 
into the anal submucosal or intersphincteric space. Currently 
the two most studied materials are silicone biomaterial and 
carbon-coated microbeads. The mechanism of action is not 

fully understood, but Davis et al.74 suggested an increase in 
anal resting pressure secondary to augmentation of the anal 
cushions and restoration of anal canal symmetry. Other pro-
posed mechanisms include bulking of the anal canal provid-
ing increased resistance to the passage of stool, allowing for 
improved sensation and that fibrosis over time contributes to 
increased sphincter muscle volume. Typically, the maximal 
improvement in fecal continence is observed within the first 
1–6 months and appears durable up to 1–2 years later.74–76 
Because of concerns of absorption and migration of the bulk-
ing agent, further long-term data are still needed. Addition-
ally, the ideal number and location of injections, utility of 
ultrasound guidance for said localization as well as which 
materials and volume are most suitable for injection have 
yet to be definitively determined. Table 18-3 summarizes 
the results of the use of injectables for the treatment of fecal 
incontinence.77–81

Operative Procedures

Anterior Overlapping Sphincteroplasty

Anterior overlapping sphincteroplasty is the mainstay surgi-
cal treatment for patients suffering from severe fecal incon-
tinence in conjunction with an external sphincter defect 
(Table 18-4).82–87 The patient is given a full mechanical 
bowel preparation. After induction of anesthesia, the patient 
is placed in the prone jack-knife position. Tapping of the but-
tocks provides excellent exposure. A transverse incision is 
made on the thin or absent perineal body. Lateral dissection 
allows for identification of the normal ends of the external 
anal sphincter musculature. Care should be taken not to pro-
ceed too far posterior due to the potential for injury to the 
nerves entering in this location. Once the muscle is isolated 
on each side, the dissection should proceed medial to the 
anterior aspect of the anal canal. Preservation of the scar tis-
sue in this location is important for the ensuing repair as it 
is helpful in holding the sutures. There has been suggestion 
that the presence of overlapped scar tissue correlates with 
improved short-term outcome as well.82 Care should be taken 
to avoid injury to either the vaginal wall or anal canal. At 
the proximal extent of the dissection, the levators are iden-
tified and plicated anteriorly. Following this, the medial 
scar is divided and the external anal sphincter muscles are 

Table 18-2. Secca® procedure for treatment of fecal incontinence

Author (year) No. of patients

CCF-FIS

P value
Duration of follow-up 

(months)Preoperative Postoperative

Takahashi (2002)63 10 13.5  5.0 <0.001 12
Takahashi (2003)64 10 13.5  7.3  0.002 24
Efron (2003)65 50 14.5 11.1 <0.0001  6
Takehashi-Monroy (2008)62 19 14.37  8.26 <0.00025 60

CCF-FIS = Cleveland Clinic Florida Fecal Incontinence Score.
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Table 18-3. Injectable anal sphincter bulking agents for treatment of minor fecal incontinence

Author (year) N Bulking agent
Significant improvement  

of fecal incontinence
Mean follow-up  

(months)

Shafik (1995)77 14 Autologous fat Yesa 18.6
Kumar et al. (1998)70 17 GAX collagen P value not reported  8
Kenefick et al. (2002)71  6 Silicone Yes P = 0.04 18
Weiss et al. (2002)78 10 Carbon-coated microbeads Yes (P = 0.012)  6

FIS 13 to 10
Davis (2003)74 18 Carbon-coated microbeads Yes (P = 0.003) 28.5

FIS 11.89 to 8.07
Tjiandra et al. (2004)72 82 Silicone Yes (P < 0.001)  6
Van der Hagen (2007)79 Silicone Yes (P < 0.001) 12
Altomare (2008)75 33 Carbon-coated microbeads Yes (P < 0.001) 20.8

FIS 12 to 8
Aigner (2009)76 11 Carbon-coated microbeads Yes (P = 0.003) 26.1

FIS 12.27 ± 0.97 to 4.91 ± 0.87
Tjiandra (2009)80 20 Silicone Yes P < 0.0001 at 6 months 12

20 Carbon-coated microbeads Yes P < 0.0001 at 6 months
Danielson (2009)81 34 Hyaluronic acid Yes (P = 0.004) 12

a All patients had complete continence at 2–3 months – following which all but three had deterioration of their results.

Table 18-4. Long-term results of anterior overlapping sphincteroplasty

Year Author N
Months 

follow-up Results

2000 Karoui et al.84  74 40 45% Continent to solid and liquid
2002 Halverson and Hull85  49 69 4 Stomas

46% Continent to solid and liquid
2006 Barisic et al.86  65 60 48% “Good or excellent”
2009 Oom et al.87 120 69 37% “Good or excellent”

 overlapped in the anterior midline (Figure 18-3A–C). Out-
come after end-to-end repair is somewhat inferior to overlap-
ping repair, whereas overlapping repair might be associated 
with more evacuation difficulties.83 The initial results of 
anterior sphincteroplasty are promising; however, numerous 
authors have noted diminishing efficacy over time with dis-
appointing long-term continence.

Parks Posterior Anal Repair

The Parks posterior anal repair has been described for the 
treatment of neurogenic fecal incontinence in those patients 
without a sphincter defect. The initial premise was that it 
lengthened the anal canal and corrected the anorectal angle.88 
A curved incision is made behind the anus and an anterior 
skin flap is dissected. The intersphincteric space is identified 
and dissected free up to the upper part of the anal canal where 
Waldeyer’s fascia, a dense fibrous structure, is encountered. 
Division gives access to the pelvis. The rectum can be dis-
sected free from the levator ani by blunt dissection. A lattice 
is constructed by plicating the pubococcygeus and, in a sec-
ond layer, the puborectalis. Additional sutures are placed 
in the deep and superficial part of the external sphincter 
(Figure 18-4). Part of the skin is left open to prevent sepsis. 
This operation has not gained widespread support in the 

USA, possibly because of the published poor long-term 
results with continence rates of only 33% at 5 years.89

Sacral Nerve Stimulation

Sacral nerve stimulation (SNS) or neuromodulation was 
initially developed for the management of urinary inconti-
nence. It was subsequently noted that in patients with fecal 
incontinence treated with SNS for urinary incontinence the 
fecal incontinence also improved. This observation prompted 
Matzel et al.90 to successfully attempt treatment of three 
patients with fecal incontinence using SNS.

Unlike other therapeutic modalities, SNS is a staged proce-
dure. The first stage is the percutaneous nerve evaluation (PNE) 
which serves as feasibility trial period lasting 2 weeks. Patients 
who experience an improvement of 50% or greater decrease in 
the number of incontinence episodes progress to the final stage 
and are offered placement of a permanent stimulator.

The electrode placement is performed under sterile condi-
tions with fluoroscopic guidance. Stimulation of the S2, S3, 
and S4 nerve roots via their sacral foramina is tested. The 
goal is to elicit contraction of the levator ani and external 
anal sphincter with plantar flexion of the first two toes, seen 
with stimulation of S3. The purpose of direct stimulation 
of the sacral nerves is to recruit additional inactive motor 
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units to improve muscle strength, resulting in an increase in 
 resting anal pressure as demonstrated by Kenefick et al.91 
Additionally, SNS has been shown to improve the rectal 
 sensory threshold and balloon expulsion time.92

Both the initial PNE and subsequent placement of the 
permanent stimulator are performed on an outpatient basis. 
Complications are rare and have all been minor with lead 
migration being most typical. Other complications include 
infection leading to explantation of the stimulator and pain 
attributed to either the leads of the stimulator.93

The obvious benefit of sacral nerve stimulation is that it 
avoids creation of an incision around or near the anal canal. 
This is important because it avoids further anal scarring as 
well as significantly decreases the risk of infection. When 
comparing sacral nerve stimulation to the artificial bowel 
sphincter, it has been proposed that SNS should be consid-
ered the first-line option due to the observed improved conti-
nence and decreased rate of outlet obstruction.94

Most recently, the results of the largest prospective ran-
domized trial of the use of sacral nerve stimulation have been 
published. Sixteen centers in North America and Australia par-
ticipated in the trial which included 129 patients who under-
went the subchronic stimulation phase. Of the 129 patients, 
120 qualified for permanent implantation by achieving a 
decrease in the incontinent episodes by at least 50%  during 
the test phase. The mean follow-up period was 28 months. 
Persistent benefits of a 50% decrease in the weekly inconti-
nence episodes, incontinent days and urgent incontinent epi-
sodes were noted in over 75% of the patients at all follow-up 
periods up to 36 months, with most of interval measurements 
over 80% success.95 There was also a consistent improvement 
in quality of life throughout the study period.

While the device has still to obtain FDA approval in the 
USA, it has been used extensively in other countries. Promis-
ing short and long-term success has been reported with signif-
icant and sustained decreases in the CCF-FIS. The results of 
sacral nerve stimulation and summarized in Table 18-5.96–104

Artificial Bowel Sphincter

The artificial bowel sphincter was first reported in 1987.105 
A man with neurogenic incontinence had an artificial urinary 
sphincter inserted and he was able to have “complete con-
trol of defecation.” The device was subsequently modified 
for the use around the anus. The procedure involves creating 
a subcutaneous tunnel around the anus, typically through a 
transverse perineal incision. The cuff is situated around the 
anus. The pump is tunneled through a pfannensteil incision 
down to either the labia or scrotum, while the reservoir is 
placed in the space of retzius (Figure 18-5A and B). All of 
the tubing is tunneled subcutaneously. The device provides 
continence by keeping the perianal cuff full in the resting 
state. When the patient needs to evacuate, he/she needs to 
actively pump fluid from the cuff to the reservoir. The cuff 
will then passively refill. When considering a patient for arti-
ficial bowel sphincter, it is important to ensure that there is 
not a significant soft tissue loss on the perineum which could 
preclude adequate coverage and guarantee erosion. It is also 
imperative to ensure that the patient will have the manual 
dexterity to activate the device.

Figure 18-3. A Anterior overlapping sphincteroplasty. Overlap-
ping and suturing of the external anal sphincter in the midline;  
B anterior overlapping sphincteroplasty. C Final repair with recre-
ation of the perineal body.
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Figure 18-4. Postanal repair (with permission from Beck DE and Wexner SD, eds. Fundamentals of anorectal surgery, 2nd ed.).

Figure 18-5. Artificial bowel sphincter. Artificial bowel sphincter implanted in the A female and B male patient (with permission from 
Acticon®, American Medical Systems®, Inc., Minnetonka, MN, http://www.AmericanMedicalSystems.com).

Table 18-5. Results of sacral neuromodulation

Author (year) Patients (N )

Patients with  
permanent 

implant (N )

Fecal incontinence  
episodes/week

Cleveland Clinic Fecal  
Incontinence Score Follow-up 

(months)Baseline Follow-up Baseline Follow-up P value

Leroi (2001)96  11   6 3.0 0.5  6
Rosen (2001)97  20  16 2.0 0.67 15
Uludag (2002)98  44  34 8.66 0.67 11
Matzel (2003)99  16  16 40% of  

movements
0% of  

movements
17 5  0.003 32.5

Jarrett (2003)100  59  46 7.5 1.0 14 6 <0.0001 12
Hetzer (2007)101  44  37 16 5 <0.001 13
Holzer (2007)102  36  29 2.33 0.67
Tjandra (2008)103  60  53 9.5 3.1 16 1.2 <0.0001 12
Altomare (2009)104  94  60 3.5 0.7 15 5 <0.001 74
Wexner (2010)95 129 120 87% of patients decreased inconti-

nent episodes per week by 50%
28
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Infection has been the greatest challenge for patients and 
surgeons utilizing the artificial bowel sphincter. The results of 
a multicenter trial were published by Wong et al.106 in 2002; 
112 patients were implanted. There were 384 device-related 
adverse events in 99 patients. 246 required either no or nonin-
vasive intervention. 73 revisional operations were performed 
in 51(46%) patients. Twenty-five percent of patients devel-
oped infection requiring surgical revision and 41(37%) 
patients had devices completely explanted. While the inten-
tion to treat success rate was low at 53%, 85% of patients with 
a functional device had a successful outcome. Recent reports 
of the long-term outcome for patients with the artificial bowel 
sphincter have been published.107 Seventeen consecutive 
patients underwent sphincter implantation. The mean follow-
up was 68 months (range: 3–133). All of the patients had some 
complication and 65% required at least one reoperation. As 
with other published series, 53% of the patients had an 
implanted device at follow-up. Those patients enjoyed the 
benefit of improved quality of life and significantly decreased 
fecal incontinence scores. Some factors associated with fail-
ure have been proposed. The experience from the Cleveland 
Clinic Florida suggested that early failures were more com-
mon with patients who had an early first postoperative bowel 
movement and who had a history of perineal sepsis. Early fail-
ure was more often related to infectious complications, while 
late failure was related to device associated mechanical com-
plications.108 There was a 41% infection rate noted in the series 
of 51 implantations, of these, 35% were early and 6% late. 
The major challenge of this treatment for fecal incontinence is 
infection followed by late device-related complications.

Muscle Transposition

The concept of substituting the anal sphincter was first 
reported by Chetwood in 1902109 using the gluteus maximus. 
The ideal muscle for substitution of the sphincter complex 
should have a negligible role in movement and posture, yet 
it should be able to provide sufficient bulk. The muscle itself 
must have a reliable neurovascular bundle, so that it will not 
be damaged in the process of dissection.

The advantages of the gluteus maximus muscle are that it 
has a location in close proximity to the anal canal and pro-
vides excellent strength and bulk to the anal canal; however, 
its use poses significant functional impairment to the patient 
while standing or climbing stairs. The majority of data are 
case series, wherein a bilateral gluteus flap is performed; 
however, Devesa et al.110 have suggested that a unilateral 
gluteus flap is simpler and yields superior results because 
of reduced tension on the muscular neosphincter. The major 
technical difficulty of this procedure is obtaining sufficient 
length to adequately encircle the anal canal.111

Gracilis Muscle Transposition

Gracilis muscle transposition was first reported by Pickrell in 
1952109 for the treatment of children with fecal incontinence 

due to neurologic and congenital anomalies. It is generally a 
treatment option best for those patients whose incontinence 
results from either trauma or congenital anomaly, where the 
additional muscle bulk can supplement deficient native tis-
sue. A history of diarrhea, severe refractory constipation, 
obstetric injury, and advanced age generally predict a poor 
outcome and therefore are relative contraindications for this 
technique.

The essence of the operation is mobilization of the gracilis 
muscle followed by transposition of the muscle around the 
anus and fixation to the contralateral ischial tuberosity. In 
concept the gracilis acts as a barrier to the passage of stool 
by acting as a living Thiersch. The patient is placed in the 
lithotomy position and prepped beyond the knee. Because 
the blood supply for the gracilis is based proximally, the dis-
tal end of the gracilis can be freely mobilized. The gracilis is 
first identified by palpating and marking its course from the 
pubic arch to the upper medial tubercle of the tibia. Generally 
the muscle is mobilized via three separate incisions over the 
course of the muscle, with division of the gracilis tendon at 
its insertion on the tibia. Special care is taken at the cephalad 
dissection to identify and preserve the neurovascular bundle, 
which defines the proximal limit of dissection. A tunnel is 
then created between the proximal incision and two incisions 
placed approximately 1.5–2.0 cm from the anal verge located 
anteriorly and posteriorly. A circumferential tunnel is also 
created in the ischirectal fossae between the perianal inci-
sions. The distal portion of the gracilis is then passed around 
the anus, under the anterior and posterior raphe and encom-
passing any existing native sphincter muscle. The muscle is 
then anchored to the contralateral ischial tuberosity with a 
nonabsorbable suture. The completed graciloplasty should 
admit one finger snuggly.

Functionally, most patients are only able to control the 
passage of solid stool. The additional limitation is that skel-
etal muscle is more easily fatigued, leading Salmons112 to 
suggest use of a stimulator to convert fast-twitch (type II) 
muscle fibers in the gracilis into slow-twitch (type I) that 
comprise 80% of the external sphincters found in cadavers.113 
Complications associated with graciloplasty include evacua-
tory dysfunction, pain in the perineum or with contraction of 
gracilis, and infection. Additional complications specific to 
the stimulated graciloplasty include lead displacement and 
erosion, nerve fibrosis, and implant infection. A random-
ized, controlled trial comparing unstimulated to stimulated 
graciloplasty has not been done. In the USA, the stimula-
tor is not available for implantation; however, it remains a 
viable option for a highly selected group patients in other 
countries.

Fecal Diversion

Creation of a colostomy or ileostomy is typically the thera-
peutic option of last resort, when all other reasonable options 
have been exhausted. The majority of patients will be best 
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served with an end sigmoid colostomy, but some patients 
with chronic constipation and slow transit may be best served 
with an ileostomy. Predictably, strong resistance even in the 
face of severe and debilitating incontinence is common. 
Patient education in the form of a visit with an enterostomal 
therapist and perhaps a patient already living with an ostomy 
can greatly ease anxiety. It is important to emphasize there 
is no time-limit for the decision to convert an uncontrolled 
perineal stoma to a more easily managed abdominal one.

Conclusion

Fecal incontinence is a socially devastating condition which 
is extremely common and under reported. There are many 
options available for patients who can treat or significantly 
improve their symptoms. The first step for the physician 
is to diagnose the problem. This will often not take place 
until the examiner specifically asks the patient as they will 
often not offer the information. Through a detailed history, 
the physician can formulate a differential diagnosis. Ano-
rectal physiologic testing can add specific information with 
regards to the functional status to the sphincter musculature. 
Many patients quality of life can be improved with noninva-
sive modalities focused on improving stool consistency and 
strengthening of the musculature with biofeedback.

If there is a significant impact on quality of life and the 
patient is a candidate for invasive therapy, surgical inter-
vention should be considered. The overlapping sphinctero-
plasty remains the mainstay of surgical treatment when a 

sphincter defect is present. When a defect is absent or the 
 sphincteroplasty has failed, sacral nerve stimulation and the 
artificial bowel sphincter are options. For less severe forms 
of incontinence, injectables and SECCA may be of benefit. 
Figure 18-6 provides a generalized algorithm for the man-
agement of fecal incontinence.

Acknowledgments. This chapter was written by Cornelius 
Baeten and Hans Kuijpers in the previous version of this 
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Pelvic Floor Disorders
Patrick Y.H. Lee and Guillaum Meurette

Pelvic floor disorders are mostly a continuum of a disease 
process resulting from the loss of pelvic floor support. 
Although these diseases are commonly believed to afflict 
primarily women, the ease in examination of the pelvic floor 
in women makes the identification of pelvic floor disorders 
easier in women than in men. Anatomical differences in the 
size of the genital hiatus between the sexes also make women 
more prone to pelvic floor prolapse. Epidemiologic studies 
on pelvic floor prolapse suggest that it is a disease that will 
become more prevalent as the population ages. Olsen et al.1 
reported the findings of pelvic organ prolapse on 149,554 
women aged 20 years or older at Kaiser Permanente; their 
study showed that 11.1% of these women will have a life-
time risk of undergoing an operation related to pelvic pro-
lapse or incontinence by the age of 80. Surgical repair related 
to the rectum or posterior compartment constituted 45% of 
the operations. Reoperation for prolapse was 29.9%, and the 
time interval between repeat procedures decreased with each 
successive repair.1 According to the government census, the 
population in the USA is projected to reach 440 million by 
2050, and the population of 75 years old or older is projected 
to increase from 6% to 11%.2 These findings and trends help 
highlight the importance of pelvic floor disorders and the 
role of the colorectal specialist in the management of pelvic 
floor disorders.

Despite the incomplete knowledge on the etiology of 
pelvic floor laxity and prolapse, surgical management is 
one of the most important modalities in the repair of the pel-
vic floor in women. Hence, successful repair of the pel-
vic floor requires a good understanding not only of the pelvic 
floor anatomy, but also of the dynamic interaction between 
pelvic floor muscles and organs. The anatomy discussed 
here will primarily focus on how pelvic organs are sup-
ported and the pathologic changes of pelvic floor prolapse. 
The pelvic floor disorders that will be discussed are recto-
cele, defecatory dysfunction, and rectal and genital pro-
lapse. The disease processes will be correlated with the 
anatomic changes seen on physical exams and radiologic 
studies. Restoration of function is the ultimate goal in any 

 treatment, and how that is accomplished with the current 
surgical techniques will be discussed.

Grant’s Atlas and Netter’s anatomic drawings of the pel-
vis need no introduction,3,4 but they provide very little in 
the understanding of the dynamic interaction between pel-
vic musculature and ligamentous connective tissue in the 
stabilization of pelvic organs. The levator ani complex and 
the supporting or endopelvic fascia are the two most impor-
tant dynamic structures of the pelvis that are extensively 
discussed in the gynecologic, urologic, and colorectal liter-
atures. In the resting state, the levator ani muscle group (pub-
orectalis, pubococcygeus, and iliococcygeus) is in a constant 
state of contraction.5 Magnetic resonance imaging (MRI) of 
the normal pelvic floor in a woman shows the levator ani 
complex to have a hyperbolic or biconcave shape posteriorly 
and a sling-like appearance around the rectum, vagina, and 
urethra anteriorly (Figure 19-1A and B).6,7 Anatomically, 
the iliococcygeus forms the posterior biconvex shape on the 
MRI and functions to support the rectum. The puborectalis 
slings around the rectum, vagina, and urethra. Singh et al.8 
describe the puborectalis as a belt, which encases the pelvic 
organs and contracts in a dorsoventral direction to close the 
levator hiatus and thus maintain continence. Lawson9 in his 
dissection of the pelvis of neonates and infants, describes the 
pubococcygeus as a vertical sling, which has very little fiber 
going to the coccyx and has muscle fibers which interdigitate 
with the anorectum, vagina, urethra, and perineal body.10 The 
exact etiology of the loss of the levator ani muscle integrity 
resulting in pelvic floor prolapse is unclear. Animal models 
show that chronic stretching of the pelvic muscles leads to 
myopathic injury.11

The supporting or endopelvic fascia is a more complex 
and controversial structure than the levator ani. Located 
between the visceral peritoneum and parietal fascia of the 
levator ani is fibroareolar tissue containing neurovascu-
lar bundles, smooth muscles, collagen, and elastin, which 
is often called the endopelvic or endovisceral fascia.12 In 
 Figure 19-2, the endopelvic fascia is drawn as a layer which 
fans out to envelop the pelvic organs and anchors them to 
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the surrounding pelvic side wall structures such as the ute-
rosacral ligament, arcus tendineus fascia pelvis, and perineal 
body.6 DeLancey calls the endopelvic fascia the viscero-fas-
cial layer because it is a combination of the pelvic viscera 
and endopelvic fascia and plays a key role in the support of 
the vagina and uterus.10,13,14 Norton15 has described the inter-
action between levator ani and endopelvic fascia as the “boat 
in the dry dock.” The levator ani is like the water in a dry 
dock that floats the boat, and the ligaments are like the moor-
ing that holds the boat in place. When the water in the dock 
begins to recede, the moorings are strained to hold the boat 
in place. Similarly, as the levator ani begins to lose its integ-
rity, the ligaments are stretched and at some point will lose 
their ability to hold the pelvic organs in place. Norton pos-
tulated that collagen composition changes with injury and 
results in a higher concentration of the weaker type III than 
stronger type I collagen. It is unknown if this transformation 

of  collagen type is permanent. The replacement of collagen 
type and the loss of elasticity in the endopelvic fascia are 
believed to result in the loss of fascial ability to return the 
pelvic organs to their appropriate anatomic alignment.

Clinical studies of patients with collagen and elastin 
defects like those found in patients with Marfan and Ehlers–
Danlos syndrome show a 42 and 50% incidence of urinary 
incontinence and a 33 and 75% incidence of pelvic organ 
prolapse, respectively.16 Similarly, patients with hypermo-
bile joints have a higher prevalence of cystocele, 89% versus 
58% (p = 0.001); rectocele, 84% versus 48% (p = 0.0002); 
and uterine or vault prolapse, 66% versus 29% (p = 0.0002).17 
Soderberg et al.18 showed that women younger than 53 years 
of age with genital prolapse had a 30% lower collagen con-
centration than age-matched controls (p = 0.01). In patients 
with complex multiorgan prolapse, Sullivan et al.19 found a 
44% incidence of arthritis in women with pelvic floor pro-
lapse, suggesting an underlying collagen vascular disease. 
Their findings are supported by epidemiologic studies of 
women in Sweden which showed that genital prolapse, uri-
nary and fecal incontinence were associated with obesity, 
chronic bronchitis, vaginal delivery, age, heredity, and dis-
eases suggestive of collagen vascular disorders.20

Despite a well-established consensus in the gynecologic 
literature that the endopelvic fascia exists, there remains 
controversy over its existence or significance. Berglass and 
Rubin21 in 1953 confirmed the works of earlier anatomists 
that there are no histologic findings to support a well-defined 
sheath around the rectum, vagina, and bladder to be termed 
“fascia.” In 2004, Fritsch et al.22 published their extensive 
anatomical and histologic study of the pelvis of 11 adults 
(6 female and 5 male), 7 newborns, and 79 fetuses and con-
cluded that the endopelvic fascia does not exist. They con-
cluded that pelvic floor support is dependent on intact pelvic 
floor muscles, undisturbed topography of the pelvic organs, 
and intact perineum. Regardless of the controversies on the 
existence and significance of the endopelvic fascia, all anat-
omists and surgeons agree that lying between the rectum and 
vagina or prostate is a fascial septum that is attached to the 
perineal body; in women that is known as the rectovaginal 
fascia and in men Denonvilliers’ fascia. The importance of 
this fascia and the perineal body will become apparent in the 
findings and repair of pelvic organ prolapse.

Equally important to the understanding of pelvic anatomy 
is an understanding of the dynamic changes of the pelvic 
organs. Visualization of the dynamic changes between pelvic 
floor and pelvic organs was first described by Burhenne in 
1963,23 when he performed cinefluorography on the rectum 
during defecation. These studies have evolved to include 
evaluation of the bladder, vagina, and small bowel during 
evacuation. Kelvin and associates24 popularized the use 
of four-contrast study to outline the small bowel, bladder, 
vagina, and rectum. The dynamic evaluation of the pelvic 
floor before, during, and after evacuation of the contrasts in 
the rectum and bladder not only yields a tremendous amount 

Figure 19-1. A and B. Digitally enhanced MRI reconstruction 
of the levator ani at rest in a 23-year-old nulliparous woman. The 
levator ani gives a biconcave shape posteriorly and the puborec-
talis show as a sling imbedded in the muscle of the pelvic floor. 
(Reprinted with permission from Cleveland Clinic Center for Medi-
cal Art and Photography© 2004–2009 and Matthew Barber, MD).
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of information about the function of the pelvic organs and 
the surrounding structures which support them, but it also 
complements physical examination for enterocele, one of the 
findings in advanced pelvic floor prolapse.25,26 Kelvin et al.24, 
using their four-contrast study to evaluate 74 women with pel-
vic floor prolapse, found 14 (19%) to have enteroceles, 50% 
of which were missed on physical exam. These dynamic stud-
ies also helped to identify other pelvic organ dysfunctions. In 
a study of 100 women referred for evaluation of pelvic floor 
prolapse, dynamic cystoproctography or cystodefecography 
found that of the 20 patients with anterior compartment sys-
tems (urinary), 45% had middle compartment findings of 
vaginal vault prolapse; of posterior compartment findings, 
90% had rectocele, 40% had enterocele, and 35% had rectal 
intussusception. Similarly, of the 45 patients with symptoms 
of middle compartment defects (genital), 91% had anterior 
compartment findings of cystocele and 56% of hypermo-
bile bladder neck; of posterior compartment findings, 82% 
had findings of rectocele and 58% of enterocele. Of the 17 
patients with posterior compartment symptoms (anorectal), 
71% had cystocele, 65% had hypermobile bladder neck, and 
35% had vaginal prolapse. Their study concluded that 95% 
of the women with pelvic floor dysfunction had abnormali-
ties of all three compartments.27

This study underscores the global nature of pelvic floor 
disorders and the need to understand the pelvic floor as a 

unit rather than as compartments.27 The usefulness of cys-
todefecography was further validated by Mellgren et al.28 
who evaluated the defecation complaints of 2,816 patients 
and found 31% with rectal intussusceptions (13% rectal 
 prolapse), 27% with rectocele, 19% with enterocele, and 
21% with two or more of these combinations. Halligan and 
Bartram,29 in a study to determine the usefulness of evacua-
tion proctography in the management of patients with rectal 
dysfunction, found a change of diagnosis in 18%, a change 
of surgical to nonsurgical management in 14%, and a change 
from nonsurgical to surgical management in 4%. Hence, it 
is imperative that a patient who presents with symptoms of 
defecation dysfunction, anal or urinary incontinence, and/or 
prolapse of the rectum, bladder, or vagina and unexplained 
PELVIC pressure undergo a cystodefecography to evaluate 
their pelvic floor and organs.

The loss of pelvic organ alignment as seen on cystode-
fecography of the bladder, vagina, uterus, and rectum is 
obvious, but the significance of an enterocele remains con-
troversial. Kinzel30 described an enterocele as a “true” her-
nia because it contains a hernia sac (the pouch of Douglas), 
neck and contents. Delancey31 postulates that enterocele sac 
develop as a result of the loss of suspension of the upper 
vagina and muscle integrity of the levator ani muscles that 
leads to the herniation of the cul-de-sac between the rectum 
and vagina. Enteroceles are often classified as congenital, 

Figure 19-2. Illustration of the endopelvic fascia as it fans out to cover the pelvic floor and provide support to the surrounding organs. The 
levels 1, 2, and 3 depict the vaginal support (Reprinted with permission from Cleveland Clinic Center for Medical Art and Photography© 
2004–2009 and Matthew Barber, MD).
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pulsion, traction, and iatrogenic. A congenital enterocele is 
a result of the failure of the fusion of the anterior and poste-
rior peritoneum during fetal development, resulting in a deep 
pouch of Douglas. Pulsion type is caused by chronic increase 
abdominal pressure. While traction type is caused by the loss 
of pelvic floor support and resulting in the pulling or traction 
of the pelvic organ on the surrounding structures out of the 
pelvis such as the vagina. Iatrogenic is caused by surgical 
injury.32 Except for the congenital and iatrogenic types of 
enterocele, pulsion and traction enteroceles are probably a 
reflection of the degree of pelvic floor laxity rather than of a 
different etiology. The clinical presentations of an enterocele 
are dependent on the extent of the herniation and may pres-
ent from no physical findings to bulging of the perineum or 
posterior vagina during strain. Clinical examination of the 
vagina, or bidigital exam of the rectum and vagina during 
maximum strain can help detect the spreading of the rec-
tovaginal plane between the fingers as the enterocele enters 
into the rectovaginal plane, however, physical examination 
is unreliable in detecting enterocele. Kelvin et al.33 reported 
their findings on 170 patients with symptoms of pelvic floor 
dysfunction who were evaluated by urogynecologist, and 
found 47 patients (28%) with an enterocele, only 24 (51%) 
of these patients were found by physical exam.

Others have advocated the use of peritoneal contrast, 
peritoneography, to increase the sensitivity of detecting sig-
nificant pelvic floor prolapse. Peritoneocele, as defined by 
Bremmer et al.34 is an extension of the pouch of Douglas 
below the upper third of the vagina, and are classified as rec-
tal, septal, or vaginal depending on their location. Peritoneo-
cele can be further classified into small (<100 cc), medium 
(100–300 cc), and large (>300 cc). Bremmer et al.34 reported 
their findings on the formation and transformation of perito-
neocele and enterocele on 46 patients with defecation disorder 
symptoms with known peritoneocele on defaeco-peritoneog-
raphy. Thirty two patients (70%) had no peritoneocele at the 
start and developed them during maximum strain. None of 
the patients had an enterocele at the start, but during maxi-
mum strain, 21 patients (45%) developed an enterocele, and 
15 of these patients (71%) had a persistent enterocele after 
evacuation at rest. Their study suggests that peritoneocele 
precedes the development of enterocele and that peritoneo-
gram is more sensitive in detecting the early transformation 
of the herniation of the pouch of Douglas than the findings of 
enteroceles found on defecography. These findings are sup-
ported by Halligan et al.35 who evaluated 47 patients with 
constipation symptoms using simultaneous proctography 
and peritoneography, and found peritoneal descent to be 
greater compared to controls during strain (p < 0.0001), 42% 
had peritoneal sac without enteric content.35 Interestingly, 
their study showed that patients with enterocele, evacuated 
better (p < 0.008) than those with peritoneocele.35 The degree 
of the peritoneocele and the presence of enterocele not only 
reflects on the herniation of the pouch of Douglas, but also 
on the association of pelvic organ prolapse. Baessler and 

Schuessler36 found that when the percentage of the depth 
of the pouch of Douglas, as calculated as the percentage of 
the depth of the pouch to the total vaginal length, is greater 
than 50%, the odds of posterior vaginal wall prolapse is 14.2. 
Mellgren et al.37 found a 93% association of rectal intussuc-
ception, or rectal prolapse in patients with enteroceles. Simi-
larly, Takahashi et al.38 found concomitant abnormalities 
such as perineal descent, rectocele, and rectal intussuscep-
tion in 76% of the patients with enteroceles. It is not clear 
how the detection of a peritoneocele or enterocele changes 
the surgical management.

There are, however, controversies about the significance 
of enterocele containing small bowel versus sigmoid colon. 
Wexner39 in his letter to the editor of Diseases Colon and 
Rectum about the study by Gosselink et al.40 on the treat-
ment of enterocele by mesh obliteration of the pelvic inlet, 
contends that enteroceles containing sigmoid colon results 
in defecatory dysfunction whereas enteroceles containing 
small bowel are more reflective of pelvic floor prolapse. 
Wexner’s group41 reported their findings on 24 patients with 
sigmoidoceles, representing 5.2% of the total cinedefecog-
raphy studies, and found that patients who had enterocele 
containing sigmoid colon classed as second and third degree 
sigmoidoceles did better with sigmoid resection than medi-
cal management 100% versus 33%, with a mean follow-up of  
23 months. It is not clear why the resection of the sigmoid 
colon without realignment of the rectum in the pelvis 
improved the defecatory symptoms. Was the obstructive 
effect of the sigmoid colon anatomical, or functional, and did 
the enterocele cause or a result of the sigmoid dysfunction? 
Their findings highlight some of the difficulties encountered 
in understanding the interrelationship between colorectal 
function and pelvic floor prolapse. Answering these com-
plex questions may require the use of radiopaque marker and 
cystodefecography before and after surgical interventions.

MRI has been reported to be useful in the detection of 
enteroceles. Gousse et al.42 reported that MRI had a sensi-
tivity of 87%, specificity of 80%, and a positive predictive 
value of 91% compared to intraoperative findings. Typical 
findings of the pelvic floor on MRI of patients with pelvic 
organ prolapsed are shown in Figure 19-3. The MRI pic-
tures illustrate the difference in the area of the levator hiatus 
between normal and prolapsed states. An angle can be mea-
sured when two lines drawn along each side of the puborec-
talis, bisects in the posterior midline, forming what we call 
the levator hiatus angle. This angle can also be measured by 
endorectal ultrasound (ERUS). The authors have found that 
when the levator hiatus angle measured by ERUS is greater 
than 75 degrees, we begin to see enterocele and other findings 
of pelvic floor prolapse on MRI and cystodefecography.43

MRI is helpful in evaluating not only the size of the leva-
tor hiatus in prolapse, but also changes in the anatomy of the 
levator ani muscle. Singh et al.7 used a three-dimensional 
MRI reconstruction to assess the size of the levator hiatus 
and morphology of the levator ani muscle. They found that 
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increasing stage of prolapse correlated with increasing size 
of the levator hiatus, but not with the morphology of the leva-
tor ani. They proposed that patients who have pelvic organ 
prolapse with normal levator ani morphology may only need 
fascial repair, compared to those who show morphologic 
changes of muscle injury.7 Pannu et al.44 showed that levator 
hiatus enlargement is best obtained during strain. Eguare 
et al.45 using dynamic MRI in the evaluation of 85 patients 
with combined urinary and fecal incontinence, showed sta-
tistically significant findings of increase in the width of 
the levator hiatus compared to control (48.3 ± 8 mm versus 
46.5 mm ± 8 mm, p = 0.001). Comparisons of MRI versus 
cystodefecography by Kelvin et al.46 showed similar detec-
tion rates for pelvic floor prolapse, but MRI underestimated 
the extent of cystoceles and enteroceles though it was better 
at delineating the pelvic floor musculature. Kaufman et al.47 
showed that dynamic MRI, when combined with cystocol-
poproctography (CCP) or cystodefecography, resulted in a 
change of the initial operative plan in 9 of 22 patients (41%); 
MRI accounted for 5 of the 9 patients (55%) and CCP for 
4 of the 9 patients (44%). Currently, the MRI remains the 
best imaging technique in looking at the anatomy of the 
pelvic floor, while cystodefecography provides for dynamic 
images of the pelvic organs during defecation and urination. 
The increasing use of open-configuration MRI to allow the 
patient to assume a sitting position has shown this to be 
equivalent to the supine MRI in the evaluation of pelvic 

floor laxity.48 In the future, the open-configuration MRI 
may offer superior imaging findings compared to cystode-
fecography.

The MRI and cystodefecography studies have helped 
confirm what is already clinically known about the enlarge-
ment of the levator hiatus in pelvic organ prolapse. What 
is not known is at what point in the levator hiatus enlarge-
ment does pelvic organ dysfunction or prolapse occur, and 
why. Such questions can only be answered in the future with 
longitudinal studies. The mechanism of enlargement of the 
levator hiatus was shown by Berglas and Rubin49 in 1953 
with the use of barium injected into the levator ani, called 
levator myography. Their studies showed that the degree 
of uterine prolapse was associated with the incline of the 
“levator plate”: the greater the incline, the greater the lon-
gitudinal diameter and the total area of the levator hiatus. 
This enlargement of the levator opening was associated with 
descent or prolapse of the uterus (Figure 19-4). Moschowitz50 
had long recognized the importance of the levator hiatus in 
pelvic organ prolapse; in 1912, Moschowitz50 published his 
theory on the pathophysiology of rectal prolapse as a pelvic 
floor hernia and described how the loss of fascial support 
of the rectum leads to a “hernia par glissement,” meaning a 
sliding out of the rectum. He was able to prevent the rectum 
from prolapsing out by placing two fingers on the anterior 
rectal wall, while the same did not hold true when he placed 
his fingers on the posterior wall of the rectum. His findings 

Figure 19-3. MRI of the levator hiatus, normal on the left A and enlarged on the right B. The angle between the two lines drawn along 
the puborectalis muscle and bisecting in the posterior midline of the levator ani defines the levator hiatus angle. This angle can also be 
measured by endorectal ultrasound and is found to correlate with findings of enterocele and pelvic floor prolapse findings on MRI and 
cystodefecography.
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suggested that stabilization of the anterior rectal wall by his 
fingers restored a reanchoring of the rectum to some type of 
fascia, which he called “transversalis.” He likely was refer-
ring to the rectovaginal septum, which is believed to play an 
important role in the anchoring of the rectum and vagina to 
the pelvic side wall and perineal body.51–53 The importance of 
the ability of the anterior rectal wall was further confirmed in 
1967 by Broden and Snellman,54 who demonstrated with the 
use of cystodefecography that rectal prolapse begins with an 
anterior wall intussusception beginning about 6–8 cm up the 
rectum. DeLancey and Hurd55 in 1998 reported that not only 
is the grade of prolapse associated with the increase in size 
of the levator hiatus, but that successful repair of prolapse 
correlated to a smaller levator hiatus.

The true incidence or prevalence of colorectal diseases 
associated with pelvic floor disorder is unknown. This is in 
part due to our failure to recognize the early signs of pelvic 
floor laxity and in part due to the poor correlation between 
the degree of pelvic organ prolapse and symptoms.56–59 In 
an attempt to identify patients with pelvic organ prolapse 
by history, Barber et al. found that when patients with high 
probability of prolapse were asked, “Do you usually have 

a bulge or something falling out that you can see or feel in 
your vagina?” an affirmative answer had a 96% sensitiv-
ity (95% CI 92–100) and 79% specificity (95% CI 77–92) 
for stage III and IV vaginal prolapse defined by the Pelvic 
Organ Prolapse Quantification (POP-Q).60,61 Interestingly, 
the degree of colorectal symptoms associated with vagina 
and bladder prolapse seems to be higher in early stages than 
in late. In a study of 322 women presenting for sacrocol-
popexy who were assessed with the Colorectal-Anal Distress 
Inventory (CRADI), a questionnaire, which measured 17 
symptom items divided into 4 subscales (obstructive, incon-
tinence, pain/irritation, and rectal prolapse),62 they found that 
although there were no correlations between stages of genital 
prolapse and bowel symptoms, there was a higher incidence 
of defecation complaints with early than with late stages of 
prolapse.63 This may not be too surprising when one consid-
ers the role of the anal sphincter and anal canal resistance. As 
the resistance of the anal canal is overcome by the stretch-
ing of the anal sphincter by the prolapsed rectum, defecation 
may actually improve and the symptoms of rectal pressure, 
pain, tissue prolapse, and fecal incontinence become more 
dominant. Hence, the lack of correlation between the degree 
of prolapse and symptoms may be related to the spectrum 
of pelvic floor disorders and the failure of the questions to 
identify changes in symptoms.

The progression of enlargement of the levator hiatus 
appears to be in a ventral-caudal direction. This view is not 
only supported by cystodefecography and MRI studies, but 
by numerous clinical studies showing the higher incidence of 
urinary and vaginal prolapse over rectal prolapse in women 
with pelvic floor prolapse.10,64,65 Furthermore, patients with 
rectal prolapse have on average 1.5–3.3 operations related to 
bladder and vaginal prolapse prior to their presentation with 
anorectal symptoms.19,66 Peters et al.66 studied 55 women with 
rectal prolapse; 95% had other pelvic floor defects. The five 
most common complaints were vaginal prolapse/pressure 
(92%), rectal prolapse/pressure (69%), constipation (71%), 
fecal incontinence (40%), and obstructive defecation (38%). 
Their study underscores the importance of colorectal evalu-
ation in patients with vaginal prolapse/pressure. Although 
there are no longitudinal studies to validate the progression 
of pelvic floor prolapse resulting in rectal symptoms, the 
clinical studies along with the cystodefecography and MRI 
support the postulate that as the rectum descends and loses 
its anatomical alignment in the pelvis, a spectrum of colorec-
tal symptoms will emerge. In the early phase, the symptoms 
of worsening “hemorrhoids” and mucous discharge may be 
related to rectal mucosal prolapse. As the rectum descends 
further from the pelvic floor, symptoms of incomplete evac-
uation of stool and needing to splint or use fingers to extract 
the stool are often associated with rectocele and internal rec-
tal prolapse. In the advanced phase of rectal prolapse, symp-
toms of tissue protrusion out of the anus or vagina, along 
with pressure and pain in the local and regional areas of the 
pelvis, may represent the rectal and vaginal prolapse with 

Figure 19-4. Illustration of the incline of the levator plate and 
enlargement of the levator hiatus resulting in pelvic organ prolapse. 
(With permission from Berglas B, Rubin IC. Study of the support-
ive structures of the uterus by levator myography. Surg Gynecol 
Obstet 1953;97:677–92).38
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enterocele.37 In the extreme form of pelvic floor prolapse, 
the rectum, vagina, uterus, and bladder are prolapsed out, as 
shown in Figure 19-5. Sullivan et al.67 described this condi-
tion as The Tetralogy of Fallout.

The continuum of pelvic floor laxity leading to anorectal 
symptoms makes it difficult to evaluate the effectiveness of 
medical versus surgical management, but medical manage-
ment becomes less effective than surgery when the patient’s 
complaints and physical findings of rectal and other pelvic 
organ prolapse become evident. The medical management of 
symptoms not specific to pelvic floor prolapse, such as con-
stipation, pruritus ani, hemorrhoids, and fecal incontinence, 
has been addressed elsewhere in this book and will not be 
repeated here. The presence of rectocele and multi-pelvic-
organ prolapse is specific to pelvic floor disorders and mani-
fests as complaints of rectal pressure, defecation difficulty, 

incomplete emptying, fecal seepage, low back and pelvic 
pain, “hemorrhoids,” and tissue “falling out” of the rectum 
and vagina.

The evaluation and determination of when a rectocele 
becomes significant for surgical intervention are hampered 
by the lack of a unified agreement on the pathogenesis 
and diagnostic evaluation of rectoceles.68 They are usually 
described as herniation or defect of the rectovaginal sep-
tum,69,70 but clinical findings of perineal laxity and cystode-
fecography findings of increased length between the pubis 
and anus during strain, as shown in Figure 19-6A and B, 
suggest that rectoceles also have a component of rectal 
descent in addition to rectovaginal defect. The evidence of 
rectal descent is even more compelling in men with recto-
cele. Chen et al.71 evaluated 234 men with defecation com-
plaints and found 40 men (17%) with rectocele; 40% had 
prostatectomies. Rectoceles were anterior in 48% and pos-
terior in 52%, nonrelaxing or partially relaxing puborectalis 
muscle 66%, perineal descent 65%, intussusception 23%, 
and sigmoidocele 15%. Their findings support the view that 
rectoceles rarely occur in isolation. Furthermore, rectoceles 
are not all equal in their effect on defecation dysfunction. 
Pucciani et al.72 described two types of rectocele in women, 
type I (distension) and type II (displacement), and found 
that type II was associated with higher incidence of vagi-
nal prolapse, more frequent manual evacuation, lower anal 
pressure, and greater mucosal intussusception than type I. 
The displacement type of rectocele is likely a result of the 
descent of the rectum. Brubaker73 described the displace-
ment of the rectum as the “rectal width,” and correlated 
this to stool entrapment. The loss of rectal alignment in the 
pelvis means that intraabdominal pressure is ineffectively 
transferred during defecation, leading to obstructive defeca-
tion complaints. Halligan et al.74 showed that patients who 

Figure 19-5. Extreme form of multiorgan prolapse with rectum, 
uterus, vagina, and bladder prolapsed out of the levator hiatus.

Figure 19-6. Cystodefecographies show the widening of the distance between the pubis and anal opening in patients on the right 
(A) compared to the normal on the left (B). Measurement of the distance can be made by drawing a perpendicular line from the pubococ-
cygeal line to the anal opening during the defecation phase.



330 P.Y.H. Lee and G. Meurette

were able to expel a 10 cc pressure transduced balloon had 
higher intrarectal pressure than those who did not (median 
208 versus 143 cm H

2
O).74 Evacuation ability of the rectal 

balloon correlated with defecography findings of prolonged 
and incomplete evacuation.74 Interestingly, they found eight 
patients who had prolonged evacuation time, low intrarectal 
pressure, and very little change in pelvic floor descent, and 
concluded that these patients lacked the ability to generate 
intraabdominal pressure. It is unclear if these eight patients 
had extreme pelvic descent such that they could not have any 
further excursion of their pelvic floor during the evacuation 
phase of their defecography. Karlbom et al.75 showed that 
successful improvement of rectal emptying after rectocele 
repair is associated with elevation of the pelvic floor.

Surgical repairs of rectoceles are generally divided into 
transanal and transvaginal approaches. Transabdominal 
approaches for rectocele are usually done in conjunction 
with other more severe pelvic organ prolapse findings. The 
most common transanal approach to rectocele repair is 
the modified Delorme procedure popularized by Sullivan 
et al.76 in which the anterior rectal wall was plicated after the 
mucosa was lifted up from the muscularis propria. The rec-
ognition that up to 70% of rectal mucosal intussusceptions 
or internal rectal mucosal prolapses were associated with 
rectocele77 led to the return of Delorme’s original description 
of the repair, which involved the circumferential stripping of 
the rectal mucosa and plication of the rectal musculature.78,79 
Currently, the technique begins with the patient in a prone 
jackknife position with buttocks taped apart. The rectal 
mucosa about 1–2 cm proximal to the dentate line is infil-
trated with a 1:1 mixture of 1% xylocaine with epinephrine 
and 0.5% bupivacaine, injected circumferentially. The rectal 
mucosa is then circumferentially divided with electrocautery 
and dissected free from the rectal musculature, resulting in 
a mucosal tube for a distance of about 10–15 cm, or cor-
responding to the proximal edge of the rectocele. A series 
of imbricating 2-0 polyglycolic acid sutures on a swagged 
needle is placed initially in four quadrants and is then further 
reinforced by additional sutures between the quadrants. This 
technique in essence corrects the rectal intussusceptions and 
rectocele and lifts up the rectum back into alignment in the 
pelvis. The effectiveness of transanal repair of rectocele in 
alleviating defecation dysfunction or outlet obstruction is 
usually 80–98%.80–82 However, long-term outcomes of tran-
sanal rectocele repair are associated with 50% recurrence at 
5.5 years.83 It is unclear if recurrence means return of symp-
toms of obstructive defecation, or anatomical recurrence of 
rectocele, or both. Other techniques using a stapler to oblit-
erate the rectocele and reduce intussusception, such as the 
single-stapled transanal prolapsectomy with perineal leva-
torplasty (STAPL) and double-stapled transanal rectal resec-
tion (STARR), had 76 and 88% improvement of obstructive 
defecation symptoms at 20 months, respectively.84 Again, 
the lack of postsurgical defecography or MRI studies makes 
it difficult to explain why reduction of the rectocele results 

in improvement of symptoms. Van Laarhoven et al.85 showed 
that there is no correlation between patients’ symptoms and 
size of rectocele reduction, suggesting that other factors may 
be at play for patients’ improved symptoms.

Transvaginal techniques of rectocele repair or posterior 
colporrhaphy are primarily performed by gynecologists using 
one of the four techniques: (1) levator ani (puborectalis) or 
rectovaginal muscularis reapproximation,86 (2) site-specific 
repair of the rectovaginal septum,107 (3) reapproximation of 
the rectovaginal septum to the levator ani fascia,87 (4) poste-
rior repair of the rectovaginal defect with grafts or mesh.88 All 
these techniques involve an incision in the posterior wall of 
the vagina and separating the plane between the rectum and 
vaginal wall. Once the exposure is complete, then various 
techniques of reinforcement of the septum are performed. 
In general, the approximation of the levator ani results in up 
to 50% incidence of dyspareunia.70 This technique has been 
mostly abandoned and replaced with rectovaginal septal 
repair by reapproximating it either longitudinally or trans-
versally, with or without grafts or mesh. The concept of site-
specific repair of the rectovaginal septum is best described 
by Richardson,70 who described “breaks” in the rectovaginal 
septum resulting in rectocele formation. Depending on the 
location and extent of the breaks, various types of rectocele 
emerge, and with higher “breaks” enteroceles may enter into 
the rectovaginal plane. The use of biologic grafts and syn-
thetic mesh in rectocele repair is reserved for large rectoce-
les (with >4 cm depth), presence of vaginal prolapse, poor 
native tissue, and associated vagina and bladder prolapse.90–93 
In general, the use of grafts or mesh in the repair of rectocele 
is safe, but its superiority and efficacy over established repair 
remains inconclusive.

The best study on the benefits of transvaginal repair of 
rectocele was done by Mellgren et al.94 who reported on 25 
patients prospectively for a mean period of 1 year. Constipa-
tion was present in 88% preoperatively and relieved in 84% 
postoperatively. Paraiso et al.95 reported their randomized 
trial evaluating three surgical techniques of posterior colp-
orrhaphy (rectovaginal muscularis reapproximation, site-
specific repair, and site-specific repair with a xenograft) and 
found all three methods had similar improvement in symp-
toms, quality of life, and sexual function. Interestingly, they 
found a 46% anatomical failure rate with the xenograft, but 
without any difference in outcome compared to the other two 
techniques.95 No cystodefecography studies were performed 
before or after the repairs to document the effects of the sur-
gical intervention, which makes it difficult to explain the 
unexpected outcomes of any pelvic floor repair. An attempt 
to compare transanal versus transvaginal repair of rectocele 
for symptoms of obstructive defecation by Nieminen et al.96 
on 30 patients suggests that at 1 year postoperative follow-
up, more transvaginal repair patients remain asymptomatic 
compared to the transanal repair group (93% versus 73%; 
p = 0.08). Again, there were no postoperative studies to 
explain the discrepancy of their results.
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Progression of pelvic floor laxity leads to complex, 
multi-pelvic-organ prolapse similar to what Sullivan et al.67 
described as the Tetralogy of Fallout. Central to the success-
ful restoration of the pelvic organs to their anatomic position 
is stabilization of the perineal body and reinforcement of the 
rectovaginal septum or posterior vaginal fascia. In men this 
septum or fascia is known as Denonvilliers’ fascia. Sears53 
in 1933 published anatomic findings of the rectovaginal sep-
tum and described it as a double-layer sheet of fascia aris-
ing from the levator ani and uterosacral ligament. One of 
the layers (lateral) forms the urogenital diaphragm, and the 
other (medial) fuses to the fibers of the posterior vagina and 
perineal body (Figure 19-7).53 Milley and Nichols97 provided 
further evidence of the relationship between the rectovagi-
nal septum and perineal body in 143 specimens, whose ages 
ranged from 8 weeks fetus to 100 years. Lane in 196298 was 
the first to use mesh in the pelvis to reinforce the rectovagi-
nal septum in the repair of vaginal vault prolapsed. Although 
there has been a plethora of mesh development, Lane’s tech-
nique of the transabdominal sacrocolpopexy has undergone 
very little modification. Nygaard et al.99 summarized the pub-
lished data on abdominal sacrocolpopexy from 1966 to 2004 

and reported the range of success rates for apical prolapse 
was 78–100%, organ prolapse 58–100%, reoperation for 
prolapse median 4.4% (range 0–18.2%), and mesh erosion 
3.4%. They concluded that sacrocolpopexy with mesh is an 
effective technique for vaginal apical prolapse, but reported 
an increase in constipation complaints from 29% to 52%. 
Pilsgaard and Mouritsen100 reported their experience with 
35 patients who underwent sacrocolpopexy with mesh with a 
mean follow-up period of 2 years (6 months to 4.5 years) and 
reported a 30% increase in the symptoms of defecation dif-
ficulty. The exact etiology of the increased defecation dys-
function or constipation is unclear. Addison et al.101 reported 
on 3 cases of sacrocolpopexy with mesh failure and sug-
gested mesh avulsion from the apex of the vagina or hernia-
tion below the mesh repair as a cause of recurrent symptoms 
of prolapse. They advocated placement of the mesh through-
out the length of the vagina. Sullivan et al.19 in 2001 pub-
lished the largest long-term result on pelvic floor prolapse 
repair with their technique called total pelvic mesh repair 
(TPMR). Over a 10-year period, 236 women had TPMR, and 
205 were available for a median follow-up of 5.3 years. They 
reported resolution of defecation difficulty in 76% and of 
fecal incontinence in 85%, and patient satisfaction of 74% at 
6 years or greater. Their procedure incorporates the current 
understanding of perineal stabilization and reinforcement 
of the rectovaginal septum by placing a mesh for the full 
length of the vagina and anchoring it to the perineal body. 
The mesh is made of polypropylene, cut into the shape of a 
trapezoid, placed below the visceral peritoneum, to the left 
of the rectum, and anchored to the sacrum at the level of S1 
and S2. Two additional strips of mesh are secured onto the 
lateral edges of the sacroperineal mesh, tunneled deep to the 
peritoneum lateral to the vagina and bladder, and secured to 
Cooper’s ligament about two fingers’ breadth from the pubic 
symphysis (Figure 19-8). Cundiff et al.102 developed a simi-
lar technique of anchoring the perineal body to the sacrum 
with polyester mesh, called the abdominal sacral colpoperi-
neopexy. The procedure combines a transvaginal and trans-
abdominal approach of securing a polyester mesh to the 
perineal body and vagina, and tying it down to the sacrum. 
Nineteen patients had this procedure and were followed for a 
mean of 11 weeks. All the patients had improvement in their 
stage of prolapse by at least one level as determined by the 
POP-Q. Bowel symptoms of fecal incontinence and consti-
pation improved in 8 of the 12 patients (66%).102 These two 
studies highlight the importance of perineal body stabiliza-
tion and rectovaginal septum reinforcement with mesh in the 
support of pelvic floor prolapse.

The use of mesh slings have proliferated beyond the initial 
use for urinary incontinence and have been advocated for 
the treatment of fecal incontinence and rectal prolapse. How-
ever, this is not a new concept, Nigro103 borrowing urologic 
concepts of fascial sling in the urethral support of urinary 
incontinence, reported his technique of Teflon mesh via a 
transcoccygeal–suprapubic approach in five patients with 

Figure 19-7. The endopelvic layer arising from the pelvic sidewall 
and fanning out between the rectum and vagina to form the rec-
tovaginal septum and anchoring to the perineal body. (With permis-
sion from Sears NP. The fascia surrounding the vagina, its origin 
and arrangement. Am J Obstet Gynecol 1933;25:484–92).
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rectal prolapse. He reported no recurrence with follow-up 
of 2 months to 5 years. In 1970, Nigro104 reported a transab-
dominal approach in 6 patients, and updated on 15 patients 
with the transcoccygeal–suprapubic approach and revealed 
2 out of 15 failures. More recently, Yamana et al.105 reported 
the use of a transperineal trocar system to place a posterior 
rectal sling for fecal incontinence (Figure 19-9) in 8 patients, 
1 developed infection requiring the removal of the sling, 
and the remaining 7 had improvement of their Fecal Incon-
tinence Severity Index from 27 to 9, Cleveland Clinic Flor-
ida Fecal Incontinence Score improved from 13 to 5, Fecal 
incontinence Quality of Life Scale was improved in all four 
categories.

Although mesh placement, regardless of whether it is a 
transabdominal, transvaginal, or transperineal approach, 
seems to offer a better outcome than non-mesh repairs, there 
are no conclusive evidence to suggest that patients with early 
symptoms and findings of pelvic floor laxity will require 
more advance repairs with mesh than those patients reported 
by Sullivan et al.19 Cundiff et al.102 and others.40 The current 
techniques of local repair of the bladder, vagina, and rectum 
may be adequate, provided that clinical and radiologic find-
ings show them to be truly isolated pelvic organ prolapse, 
but as discussed earlier such isolated prolapse is uncommon, 
and the failure to recognize and repair multiorgan prolapse is 
a primary source of patient dissatisfaction.106

Unlike diseases which are surgically addressed with one 
technique such as appendicitis, the pathogenesis of pelvic 
floor prolapse is chronic and result in progressive constel-
lation of symptoms and findings. The global transformation 
of the pelvic floor may result in surgical treatments that are 
successful for a limited period of time and fail not because 
of the technique, but because of the progression of the pelvic 
floor prolapse. The exact etiology of pelvic floor prolapse 
remains unknown, and it is for this reason that dynamic 
imaging with cystodefecography, MRI, and other modalities 
are so important in documenting the disease process of pel-
vic floor disorders. Undoubtedly there will be new technolo-
gies and techniques that will evolve to replace the old, but as 
Moschowitz50 most elegantly put it in his axiom, or gener-
ally accepted truth, about treatments of rectal prolapse, “the 
more remedies there are suggested for the cure of a malady, 
the less the likelihood of the efficacy of any particular 
one.” A corollary to this axiom would be, “the more rem-
edies there are for a disease, the more reflective of our lack 
of understanding of its pathogenesis.”
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Introduction

This chapter reviews the anatomy that defines anal and  perianal 
squamous cell carcinomas (SCC), discusses the cancers and 
precursor lesions that are most commonly found in these 
regions, and concludes with brief discussions of the less 
common malignancies of the anus and perineum.

New Anatomic Considerations

Approximately 5,290 new cases of anal cancer were diag-
nosed in the USA in 2009 according to the American Cancer 
Society.1 This number may actually somewhat overestimate 
the true incidence, as it is our impression that perianal or 
anal margin cancers are often classified as anal canal cancers 
due to proximity to the anus without actual involvement of 
the anal canal. While colorectal surgeons are quite familiar 
with the landmarks that define the anal canal and anal mar-
gin, other health care providers involved in the diagnosis and 
treatment of this disease are less familiar with these land-
marks in that their primary practices are internal medicine, 
gastroenterology, radiation oncology, medical oncology, der-
matology, HIV medicine, etc. Given these limitations, new 
terminology based on landmarks that all healthcare provid-
ers can easily visualize and understand was developed and 
published in the previous version of this text and largely 
adopted in the latest version of the American Joint Commit-
tee on Cancer (AJCC) Staging Manual.2 The new terminol-
ogy is necessary because true anal canal lesions may have a 
more aggressive biology requiring chemoradiotherapy while 
lesions of the perianal skin may simply be treated with local 
excision. Thus, if the two classes of lesions are unwittingly 
grouped together, the response rates of anal cancer to chemo-
radiation therapy may be overstated.

The classification system divides the region into three 
easily identifiable regions, anal canal, perianal, and skin 
( Figure 20-1A, B).3 Anal canal lesions are lesions that can-
not be visualized at all, or are incompletely visualized, with 

gentle traction placed on the buttocks. In contrast, perianal 
lesions are completely visible and fall within a 5 cm radius 
of the anal opening when gentle traction is placed on the but-
tocks. Finally, skin lesions fall outside of the 5 cm radius of the 
anal opening. A key component of this classification system 
is that all clinicians, including gastroenterologists, surgeons, 
nurse practitioners, and medical and radiation oncologists 
can perform this simple exam in their offices without the aid 
of an anoscope or a clear understanding of the anatomic land-
marks (dentate line and anal verge) of the region.

Identification of a new zone, the transformation zone, was 
also proposed to help clinicians and pathologists understand 
how anal squamous cell carcinomas (SCC) may be found 
6, 8, or even 10 cm proximal to the dentate line in the ana-
tomic rectum. The transition zone is a well-known region.  
It is an area, zero to 12 mm in length beginning at the dentate 
line, where a “transitional urothelium-like” epithelium may 
be found in the rectal mucosa instead of the standard colum-
nar mucosa of the rectum. The transformation zone of the 
rectum is a region in which squamous metaplasia may be 
found overlying the normal columnar mucosa. This imma-
ture metaplastic tissue may extend up the rectum in a fluid 
and dynamic fashion involving at times 10 cm or more of 
distal rectal mucosa. The transformation zone is an impor-
tant region, where metaplastic tissue susceptible to human 
papiloma virus (HPV) infection, in particular HPV 16, may 
be found.

Locations of all lesions within the above referenced zones 
should be clearly reported. Frequently, accurate reconstruc-
tion of the exact location of a lesion removed by a referring 
caregiver is not possible. This may lead to overtreatment 
of perianal and even skin lesions. In the distal rectum, it 
may still be necessary to refer to one established anatomic 
landmark, the dentate line (mucocutaneous junction), to 
accurately reflect how far proximally in the rectum a lesion 
was found. In contrast to the dentate line, the anal verge 
is poorly understood, poorly visualized and often confused 
with anal margin, which represents a region, not an  anatomic 
boundary.
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Terminology

The terminology used by pathologists when reporting prema-
lignant lesions of the anus and perineum is often confusing to 
the treating clinicians. The terms squamous cell carcinoma in 
situ (CIS), anal intraepithelial neoplasia (AIN), anal dyspla-
sia, squamous intraepithelial lesion (SIL), and Bowen’s dis-
ease may all be used to refer to the same histopathology. The 
training of the pathologist often dictates the terms chosen. An 
additional point of confusion is that AIN terminology derives 
from histologic exams (microscopic evaluation of thin slices 
of tissue) while SILs are cytologic diagnoses (microscopic 
evaluation of cell scrapings or needle aspiration). AIN and 
dysplasia have both historically been broken into AIN I, 
II, and III and low-, moderate-, and high-grade  dysplasia. 
 However, as with other pathologic staging systems, the  

 intra- and inter-observer variability is too high with this many 
 categories. Therefore, when referring to anal canal, perianal, 
and skin lesions of the buttock the tissue should be classified 
as either normal, low-grade squamous intraepithelial lesions 
(LSIL), high-grade squamous intraepithelial lesions (HSIL), 
or invasive cancer as is done in the AJCC Staging Manual.2

Lymphatic Drainage

Lymphatic drainage above the dentate line occurs via the supe-
rior rectal lymphatics to the inferior mesenteric lymph nodes 
and laterally to the internal iliac nodes. Below the dentate line, 
drainage is not only primarily to the inguinal nodes, but may 
also involve the inferior or superior rectal lymph nodes.

Etiology and Pathogenesis of Anal  
Dysplasia and Anal Squamous  
Cell Carcinoma

The HPV is a necessary but not sufficient cause for the devel-
opment of anal SCC and SIL.4,5 HPV is a DNA papovavirus 
with an 8 kb genome and is the most common viral sexually 
transmitted infection.6–8 Although most patients clear the 
virus with only 1% of the patients developing genital warts 
with low oncogenic potential (HPV serotypes 6 and 11),9–11 
an estimated 10–46% of patients develop subclinical infec-
tions that may harbor malignant potential (HPV serotypes 
16, 18, 31, 33, 35).12–15

Transmission is not prevented by condoms as the virus 
pools at the base of the penis and scrotum. Thus, abstinence 
is the only effective means of prevention. In women, the 
virus may pool and extend from the vagina to the anus. Ano-
receptive intercourse may be associated with the develop-
ment of intra-anal disease but the presence of condylomata 
or dysplasia within the anus does not indicate that anorecep-
tive intercourse has occurred.16

In the rare patient who develops chronic infection, a vari-
ety of events must occur starting with the virus entering the 
basal and parabasal cells. This may occur through a disrup-
tion in the normal mucosal barrier that developed as a result 
of anoreceptive intercourse, other sexually transmitted dis-
eases (ulcers from syphilis, gonorrhea), friable prolapsing 
hemorrhoidal tissues or a firm bowel movement. As noted 
above, the squamous metaplastic tissue above dentate line is 
a relatively “immature” incompletely developed squamous 
epithelium overlying the columnar epithelium and may not 
require trauma to disrupt an intact “barrier” making it partic-
ularly susceptible to HPV infection.17 If high-risk viral DNA 
eludes immune surveillance and gains access to the nuclei of 
replicating cells (wound repair or metaplasia), the infection 
can become widespread and persistent lasting for decades 
resulting in an increased risk of cancer.

Cell-mediated immunity appears to be important to the 
cellular response prohibiting the virus from establishing a 

Figure 20-1. A and B. Terminology for location of anal and 
perianal lesions. Tumors A, B and C represent ANAL lesions 
that are not visible or are incompletely visible while gentle 
traction is placed on the buttocks. Tumor D is a perianal 
tumor because it is completely visible with gentle traction 
on the buttocks and lesion E is a skin cancer. 
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prolonged presence. This hypothesis is supported by the 
observation that cervical dysplasia patients with established 
high-risk lesions had a decreased ability to mount a T helper 
cell type 1 (Th1 IL-2) response in contrast to those patients 
with low-risk lesions.18 Further support comes from the 
increased anal cancer rates observed in kidney transplant 
and HIV (+) patients, both populations with blunted cell-
mediated responses.19–25

Oncogenic viruses lead to cellular proliferation in the 
latency phase by interfering with cell cycle control mecha-
nisms.17,26 Two “early region” viral genes, E6 and E7, inhibit 
cell cycle control resulting in increased proliferation. E7 
binds directly to the retinoblastoma (Rb) tumor suppres-
sor protein products p105, p107, and p130 related proteins 
leading to a complicated cascade of events involving E2F 
transcriptions factors, cyclin complexes and other regula-
tory proteins allowing the cell to progress through G1 into S 
phase.27 Cell cycle release by E7 allows for immortalization 
of the cells but is not sufficient for the transformation of the 
infected cell. Accumulation of genetic errors appears neces-
sary for transformation, which is consistent with the clinical 
scenario of a long-standing low-grade infection preceding the 
development of malignancy.28 The genetic errors may accu-
mulate as a result of the E6 protein which binds to p53 with 
E6-associated protein (E6AP) leading to degradation of the 
complex through the ubiquitin pathway.27,29 The unblocked 
p53 protein is an important cell cycle regulating protein that 
leads to cell cycle arrest and apoptosis when genetic errors 
have accumulated thus allowing for DNA repair and avoid-
ance of replication of errors.

The E2 protein allows the HPV DNA to avoid intracellular 
detection by facilitating the attachment of the HPV DNA to 
the host chromatin. This also assures replication in a steady 
state with each cell division.17,30–32 In uninfected epithelium, 
division occurs in the basal layers and maturation results in 
pyknotic condensed cells that slough from the tissue surface. 
In infected tissues, the viral DNA replication process is reac-
tivated leading to the presence of specific proteins and viral 
particles that can be detected in the upper cell layers. In sum-
mary, through the combined effect of E7, E6, and E2, cells 
with genetic errors may proliferate, accumulate and involve 
the entire thickness of the epithelium.17 This may result in car-
cinogenesis.

As the infection with oncogenic viruses persists the 
anal tissues may progress through low-grade to high-
grade dysplasia and cancer. With this disease progression 
is an associated increased proliferation and angiogenesis, 
and decreased apoptosis.33 In contrast to the mechanisms 
responsible for the increased proliferation and decreased 
apoptosis outlined in the above discussion, the mechanisms 
involved in increased angiogenesis are less well defined. 
However, in the cervix, angiogenic changes have long been 
recognized as an important and visible step in the pro-
gression of dysplasia to cancer. Colposcopy, a magnified 
view of the cervix with the aid of acetic acid and Lugol’s 
solution, allows for direct  visualization of characteristic 

 vascular patterns seen with LSIL and HSIL. Gynecologists 
are trained to recognize these vascular patterns and target 
their therapeutic destruction in the cervix accordingly. This 
therapeutic intervention, in combination with screening Pap 
smears, has led to the belief that cervical cancer is a largely 
preventable cancer.

Fortunately, the angiogenic changes associated with the 
development of anal HSIL are also visible with the aid of 
acetic acid and Lugol’s solution in the perianal skin, anus and 
distal rectum through an operative microscope,  colposcope, 
or loupes in the office or operating room (Figure 20-2A–D).15 
Targeted destruction is safe and may result in the same 
decrease in anal cancer incidence as was seen with cervical 
cancer when cervical Pap smears and targeted destruction 
were introduced for cervical disease.34,35

The cost-effectiveness of such an anal cytology screening 
system to prevent anal cancer has been demonstrated using 
an economic model in both HIV-positive36 and HIV-negative 
men who have sex with men (MSM).37 These studies dem-
onstrated that screening to identify patients with HSIL to be 
referred for treatment would be cost-effective if performed 
annually for HIV-positive MSM and every 2–3 years for 
HIV-negative MSM.

Although the association of MSM and anal cancer is 
clear16,38,39, the association of HIV with the development 
and progression of anal cancer has been hard to separate 
from other confounding factors. Initial studies accumulat-
ing anal cancer rates from the pre HAART (highly active 
antiretroviral therapy) era failed to show a correlation pre-
sumably because patients succumbed to complications of the 
HIV.40,41 HPV is an indolent infection that leads to cancer in 
a minority of patients who generally suffer from a long-term 
infection. Thus, as might be expected, more recent studies 
reporting anal cancer rates in patients who are now surviving 
longer with effective HAART suggest an association with 
HIV and anal cancer.19,20,42–45 Supporting this association is 
the observed rise in anal cancer and dysplasia rates seen in 
HIV positive MSM, and HIV positive heterosexual men and 
women who do not report anoreceptive intercourse.19–21 Fur-
ther, HIV positive patients are more likely to have HSIL, are 
more likely to progress from LSIL to HSIL over a two-year 
time period, and both of these findings are increased in the 
patients with a lower CD4 count (<200 cells/mm).42–44 Low 
CD4 counts are a surrogate measure for immunosuppression 
from the HIV infection, and it is therefore suggested that 
HIV infection is associated with an increased risk of pro-
gression of anal disease.

Although the above articles suggest a permissive role for 
HIV in the development of anal cancer in HIV positive men 
and women, one cancer registry report comparing anal cancer 
rates before and after the individual’s AIDS diagnosis found 
no correlation.46 Nonetheless, data is accumulating that sug-
gests that as men and women live longer in the HAART era, 
the indolent HPV infection results in an increased risk for 
the development of anal cancer, and this effect is the most 
significant in the most immunocompromised patients.45
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Epidemiology

The incidence of anal SCC has been increasing in frequency 
in over the last 30 years in the USA, Europe, and South 
America. This increase has been quite pronounced over the 
last 8 years, where there has been an increase from 3,900 new 
cases for 2002 to 5,290 new cases for 2009.1,47 The California 
Cancer Registry found a statewide increase in anal cancers 
in non-Hispanic white men of approximately 2% per year 
between 1988 and 1999 with 1.0 case per 100,000 popula-
tion in 1988 and 1.4 cases per 100,000 population in 1999.22 
There was not a comparable increase for women over the 
same time period. Most alarming was the increase in the age 
adjusted incidence for San Francisco white men age 40–64, 
where the rates rose from 3.7 per 100,000 for 1973–1978 

to 8.6 per 100,000 in 1984–1990 and ultimately to 20.6 per 
100,000 in 1996–1999. This is the first report ever of anal 
cancer rates higher among men under age 40 compared to 
women of the same age group.22 Previous reports have con-
sistently shown a higher rate in women in all age groups.48

In Denmark during the years 1943–1987, there was a 1.5-
fold increase in men and a threefold increase in women.49 
A significant decrease in the mean age of men diagnosed 
with anal SCC from 68 to 63 years of age was also found. 
An even greater increase was found in city populations, 
where a threefold increase in the incidence of anal cancers 
in Copenhagen and its suburbs was observed. A significant 
rise in incidence for the entire male population was still 
seen with the  incidence observed between the years 1983 
and 1987 representing an increase of 30–40% of that seen 

Figure 20-2. LSIL and HSIL visualized in the office with a colposcope after the application of acetic acid. The arrows in both images 
depict where the biopsy of the lesion was taken. A and B Anal LSIL in the distal rectal mucosa with subtle punctate vessel changes. 
The geography of the lesion in highlighted in the left frame. C and D Anal HSIL in the distal rectal mucosa with the left image highlight-
ing serpiginous, cerebriform vessels and the outline of the entire lesion and the right image highlighting the mosaic pattern created by the 
vessels in the aceto-white background.
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in the 5-year span of 1943–1947. The rates in Copenhagen 
and surrounding areas were equal to the national level in 
1943–1947, but in 1983–1987 the incidence in the city was 
2.5-fold higher than that seen in the rest of the country. The 
average age of women patients with SCC did not change, but 
the incidence did increase threefold over the entire country 
with a significantly greater increase in Copenhagen when 
compared to the entire country. Men with anal cancer were 
significantly less likely to have been married when com-
pared to men with colon cancer and stomach cancer. The 
same was not true of women with anal cancer. Similar find-
ings were reported from Sweden, where a dramatic increase 
in incidence of anal cancer was observed around 1960, with 
a greater change in women than men (2:1), and the steepest 
increase in the heavily populated cities.48 A study from Ver-
mont shows that the trend seen in the cities is also present in 
more rural settings.50

In another Copenhagen study, women with anal cancer 
were noted to have a higher risk of having had cervical neo-
plasia or cancer.51 Risk factors for developing HSIL and anal 
cancer also included HIV seropositivity, low CD4 count, per-
sistent infection with high-risk HPV genotypes (16, 18, 31, 
33, 35), infection with multiple genotypes, cigarette smok-
ing, anal receptive intercourse, and immunosuppression for 
organ allograft. Multiple partners was not a significant inde-
pendent risk factor.28,42,43,52–58

Anal Canal and Perianal High-Grade 
Squamous Intraepithelial Lesions  
(Formerly Bowen’s Disease)

As mentioned earlier in the chapter, the distinction between 
Bowen’s disease and HSIL is unclear and appears to have 
more to do with the pathologist’s training, histopathology 
versus cytopathology, than any biologic difference. Bowen’s 
disease is anal SCC in situ, AIN II and III and HSIL. The 
term Bowen’s disease is applied to SCC in situ in both kera-
tinizing and nonkeratinizing tissues. Thus, we feel the term 
is archaic and confusing, and should be abandoned in favor 
of HSIL. Throughout this chapter, we use the term HSIL to 
refer to what has previously been termed Bowen’s Disease.

HSIL is commonly found as an incidental histologic find-
ing after surgery for an unrelated problem, often hemorrhoids. 
The lesion is clinically unapparent, but histologic assessment 
of the specimen reveals HSIL (Figure 20-3). Alternatively, 
patients may present with complaints of perianal burning, 
pruritis, or pain. Physical examination may reveal scaly, dis-
crete, erythematous or pigmented lesions (Figure 20-4).

The natural history of HSIL is poorly defined. In the 
immunocompetent, fewer than 10% progress to cancer.59 
However, in immunocompromised patients, the  progression 
rate appears greater as evidenced by the higher rates of anal 
cancers observed in the HIV (+) and immunosuppressed 

transplant patients.19–24 As we are as yet unable to identify 
those patients that progress, the authors favor treatment 
of HSIL. An exception to this recommendation would be 
patients with advanced AIDS with poor performance  statuses 
despite maximal medical therapy. This was a common  

Figure 20-4. Perianal HSIL. (Photomicrograph hematoxylin and 
eosin ×400). With permission from Beck DE, Wexner SD. Anal 
neoplasms. In: Beck DE, Wexner SD, editors. Fundamentals of 
anorectal surgery. London: W. B. Saunders; 1998. p. 261–277.

Figure 20-3. Perianal HSIL. With permission from Beck DE, 
 Wexner SD. Anal neoplasms. In: Beck DE, Wexner SD, editors. 
Fundamentals of anorectal surgery. London: W. B. Saunders; 1998. 
p. 261–277.
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problem in the early 1990s but since the advent of HAART, 
the vast majority of our AIDS patients are candidates for sur-
gical intervention. The other exception might be the elderly 
patient with an asymptomatic lesion and a short life expec-
tancy. Unlike perianal Paget’s disease, there is no association 
with other visceral malignancies.60

The preferred treatment is fairly controversial and should 
be tailored to the given patient. An older recommendation 
for the unsuspected lesion found after hemorrhoidectomy 
is to return the patient to the operating for random biopsies 
taken at 1 cm intervals starting at the dentate line and around 
the anus in a clock-like fashion. Frozen sections establish the 
presence of HSIL and these areas are widely locally excised 
with 1 cm margins. Large defects are covered with flaps of 
gluteal and perianal skin. Although this technique has been 
shown to provide excellent local control, it does not prevent 
recurrences.61 Recurrence rates in one series were as high 
as 23% despite this radical approach.62 Although no can-
cers developed in this group, HIV status was not noted and 
complications, including incontinence, stenosis, and sexual 
function were not reported. In another study of wide local 
excision, the authors noted a 63% persistence rate at 1 year 
and a 13% recurrence rate at 3 years. Eleven percent of the 
patients developed incontinence or stenosis.63 The unknown 
risk of disease progression, high recurrence rate, and the sig-
nificant morbidity associated with extensive wide excisions 
have led many authorities (including the authors and a few 
editors) to rarely use or recommend this option.

A less radical approach involves taking patients to the oper-
ating room to perform High Resolution Anoscopy (HRA) 
with the aid of an operating microscope, acetic acid, and 
Lugol’s solution. The lesions are visualized and targeted for 
electrocautery destruction. Like cervical disease, the HSIL is 
visible because of its characteristic vascular pattern identify-
ing the at-risk tissue for selective destruction (Figure 20-2).15 
This technique minimizes the morbidity of the procedure 
and saves the normal anal mucosa and perianal skin that 
would otherwise be sacrificed. Postoperative pain is sig-
nificant as with any perianal procedure. One author (MLW) 
reviewed 247 patients with HSIL treated with HRA.35 The 
majority of these patients had extensive circumferential or 
near circumferential disease and were immunocompromised 
(HIV or other.) Although recurrent HSIL lesions occurred 
in 57% of patients, most were retreated with high-resolution 
directed office-based therapies. Initial extent of disease was 
the only factor that correlated with recurrence. During the 
10-year study period, only 3 (1.2%) patients progressed to 
SCC. Patients were followed for an average of 19 months 
(range 3–92) and 78% had no evidence of HSIL at their last 
office visit.35 HSIL identified with HRA may also simply be 
locally excised taking care to stay close to the lesion margin 
directly visualized with the operative microscope. The deep 
margin is kept equally close as wide local excision seems 
of limited benefit and increases morbidity. The resulting 
minimal defects heal in secondarily. High-risk patients, the 

immunocompromised, and patients practicing anoreceptive 
intercourse should be followed with Pap smears at yearly 
and three yearly intervals for the immunocompromised and 
immunocompetent, respectively.36,37

Other therapeutic modalities include topical 5-Fluorouracil 
(5-FU) cream, Imiquimod, photodynamic therapy, radiation 
therapy, laser therapy, and combinations of the above. The 
reports are generally small series with limited follow-up, but 
there may be anecdotal success with each approach, and the 
options may be kept in mind for challenging cases. Initial 
reports of the use of 5-FU cream were generally disappoint-
ing.64 However, two small subsequent studies have shown 
encouraging results.65 One of these reports suggests that 
Erbium:YAG laser pretreatment may improve the response 
of HSIL.66 Reports of the use of Vidarabine and cidofovir 
support their consideration but the series are small with lim-
ited follow-up.67,68 Imiquimod has been reported to be of 
benefit alone69 and in combination with 5% 5-FU therapy 
in the immunosuppressed transplant and HIV (+) patient 
population.70,71 Radiotherapy with a special skin patch or con-
ventional external beam has also been reported.72,73 Photody-
namic therapy has been tried with success74,75 and compared 
favorably to topical 5-FU in a randomized comparison.76

Perianal Squamous Cell Carcinoma  
(Formerly Anal Margin)

SCC arises from both the perianal skin and the anal canal. 
The distinction between the two locations has become more 
important as they are increasingly considered different enti-
ties with separate treatments and prognosis. Immunohis-
tochemical studies of squamous cell tumors from the anal 
margin and anal canal demonstrate differences in expres-
sion of cadherin, cytokeratins and p53 confirming that these 
tumors are of distinct histogenetic origin.77 Perianal lesions 
are completely visible and fall within a 5 cm radius of the 
anal opening when gentle traction is placed on the buttocks.

Clinical Characteristics

Perianal tumors resemble SCC of other areas of skin and 
are therefore staged and often treated in a similar fashion.78 
They have rolled, everted edges with central ulceration, 
and may have a palpable component in the subcutane-
ous tissues although the sphincter complex is not usually 
involved. Patients present in the seventh decade of life with 
equal incidence in men and women.79,80 Presenting symp-
toms include a painful lump, bleeding, pruritis, tenesmus, 
discharge or even fecal incontinence.81 In general, perianal 
tumors are characterized by a delay in diagnosis due to their 
location and indistinct features, and SCC is no exception. 
Patients have been noted to have symptoms anywhere from 
0 to 144 months prior to diagnosis (median of 3 months),82 
and almost a third are misdiagnosed at their first physician 
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visit.81 Patients were given erroneous diagnoses of hemor-
rhoids, anal fissures, fistulas, eczema, abscesses, or benign 
tumors. For perianal tumors, however, there was no signifi-
cant difference in survival between correctly diagnosed and 
misdiagnosed patients.81

Staging

The staging of perianal SCC is based on the size of the tumor 
and lymph node involvement, both of which correlate with 
prognosis. Lymphatic drainage of the perianal skin extends 
to the femoral and inguinal nodes and then to the external 
and common iliac nodes. Venous drainage occurs through 
the inferior rectal vein. Lymph node involvement is associ-
ated with the size and differentiation of the tumor.82–84 In one 
study, the incidence of inguinal lymph node metastasis was 
noted to be 0% for tumors <2 cm, 23% for tumors 2–5 cm in 
size, and 67% for tumors >5 cm.84 Distant visceral  metastasis 
at presentation is rare but should be evaluated with a CT 
scan of the abdomen and pelvis, to assess for liver metasta-
ses, as well as the presence of nodal disease. A chest X-ray 
or CT may be performed to evaluate for lung metastases. 
These tumors are generally slow growing and histologically 
are well differentiated with well-developed patterns of 

keratinization.79,85 The AJCC staging system is described in 
Table 20-1.2

Treatment Options

Treatment of perianal SCC traditionally consisted of surgical 
resection with wide local excision for smaller-sized tumors 
and abdominoperineal resection (APR) for larger, invasive 
tumors. However, it is well documented that wide local exci-
sion alone results in high locoregional recurrence rates (18–
63%) (Table 20-2)79,86–91 and should be reserved for those 
lesions that can be excised with a 1 cm margin, are Tis or T1, 
and do not involve enough sphincter to compromise func-
tion.80 A series of 27 patients with Tis and T1 lesions treated 
with wide local excision had a 100% 5-year survival91 and in 

Table 20-1. American Joint Committee on Cancer (AJCC) Staging of Squamous Cell Carcinoma (SCC)

Primary Tumor (T)
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ (Bowen’s disease, high-grade squamous 

intraepithelial lesion (HSIL), anal itraepithelial neoplasia 
II-III (AIN II-III)

T1 Tumor less £2 cm in greatest dimension
T2 Tumor 2–5 cm in greatest dimension
T3 Tumor ³5 cm in greatest dimension
T4 Tumor of any size invades adjacent organ(s),  

e.g., vagina, urethra, bladder*

* Direct invasion of the rectal wall, perirectal skin, subcutaneous 
tissue, or the sphincter muscle(s) is not classified as T4.

Nodal Status (N)
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in perirectal lymph node(s)
N2 Metastasis in unilateral internal iliac and/or inguinal lymph 

node(s)
N3 Metastasis in perirectal and inguinal lymph nodes and/or 

bilateral internal iliac and/or inguinal lymph nodes

Distant Metastasis (M)
M0 No distant metastasis
M1 Distant metastasis present

Stage Grouping
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage II T2, 3 N0 M0
Stage IIIA T1, 2, 3 N1 M0 or T4 N0 M0
Stage IIIB Any T N2, 3 M0 or T4 N1 M0
Stage IV Any T Any N M1

Table 20-2. Results of local excision of perianal tumors

Author Year N Local recurrence Survival

Beahrs and Wilson91 1976 27  0 100
Al Jurf et al.88 1979 10 50  90
Schraut et al.89 1983 11 18  80
Greenall et al.87 1985 31 42  68
Jensen et al.86 1988 32 63 –
Pintor et al.90 1989 41 –  68
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Table 20-3. Radiation therapy for perianal tumors by T stage

Local control (%) Cancer specific 5-year 
survival (%)Author Year N T1 T2 T3

Cummings et al.95 1986 29 100 100 60 –
Cutuli et al.96 1988 21 50 71 37 72
Papillon and Chassard84 1992 54 100 84 50 80
Touboul et al.93 1995 17 100 60 100 86
Peiffert et al.92 1997 32 88 73 57 89

another study, all patients with small or superficial tumors 
locally excised had a survival of 100%, whereas those with 
deep invasion did not survive 5 years.89 Since it was intro-
duced in the early 1970s, radiation therapy has become 
the mainstay of therapy for SCC of the anal canal and its 
application to perianal tumors is increasing. In patients with 
T1 or early T2 lesions, local excision or radiation therapy 
provides similar local control rates (60–100%),84,92,93 but 
for less favorable lesions, chemoradiation is now utilized 
as the first line therapy using perineal and inguinal fields, 
even without clinically detectable disease in the groin.84,93 
Pelvic lymph nodes are also treated for those patients with 
T3 and T4 tumors.79,80,84,94 Local control rates for radiation 
therapy reported by T stage are as follows T1:50–100%, T2: 
60–100%, T3:37–100% (Table 20-3).84,92,93,95,96 In one study, 
the T3 lesions were separated into tumors 5–10 cm in size 
and those greater than 10 cm with local control rates of 70% 
versus 40%, respectively.95 Patients with persistent tumor can 
be treated with local excision or APR with a 50% salvage 
rate.86,97 Those with recurrence after successful radiation 
can also be salvaged for cure with surgery.98–101 The absolute 
5-year survival rate for patients treated with local excision or 
APR ranges from 60 to 100% but is lower in patients with 
larger tumors.87,88,102 Similarly, absolute 5-year survival in 
patients treated with radiation ranges from 52 to 90% with 
sphincter preservation in about 80%.80 The use of chemora-
diation specifically pertaining to perianal SCC has not been 
well examined. However, one study did show an improve-
ment in local control (64% vs. 88%) with the addition of 
5-FU and mitomycin to radiation.95 In extrapolation of data 
from a randomized, multicenter study, including early stage 
tumors, anal canal, and perianal cancers, it would be postu-
lated that chemoradiation is superior.101 More recently, Men-
denhall et al.80 report local control in 19 patients treated with 
radiotherapy alone or combined with adjuvant  chemotherapy 
over a 21-year period. One patient with T1 disease died sec-
ondary to regional and distant disease. Four patients died 
of intercurrent disease and the remaining 14 patients were 
disease-free at 25, 29, 37, and 113 months following treat-
ment. No patients required salvage APR or salvage surgical 
therapy.

In summary, the choice of treatment is dependent on the 
stage of tumor, the anticipated functional result as a result 
of therapy and the risk of complications. Although surgery 
may result in alteration of sphincter function, or a permanent 

colostomy, radiation therapy may also cause skin changes 
or proctitis that produces urgency, incontinence, or the need 
for diversion. For T1 and early T2 tumors, wide local exci-
sion may be less morbid and time consuming than radiation 
therapy and therefore a superior choice. However, if the exci-
sion will result in damage to the sphincters with impairment of 
sphincter function, radiation provides similar local control and 
survival. Larger T2 tumors should be treated with  radiation 
therapy to the primary lesion and inguinal fields due to poor 
local control with excision and the significant risk of lymph 
node metastasis. This treatment modality is much less morbid 
than resection of the primary and bilateral lymph node dissec-
tion with similar control rates.83 Those with T3, T4, or poorly 
differentiated tumors should receive radiation to the primary 
lesion and include inguinal and pelvic fields to treat regional 
nodes in these areas. APR should be reserved for those patients 
with persistent or recurrent disease after radiation therapy.80,94

Squamous Cell Carcinoma of the Anal 
Canal

SCC incorporates all large-cell keratinizing, large-cell 
nonkeratinizing (transitional) and basaloid histologies. The 
terms epidermoid, cloacogenic, and mucoepidermoid carci-
noma are all encompassed in the squamous cell carcinoma 
group.2,103 SCC of the anal canal is five times more common 
than perianal SCC, but its incidence is one-tenth that of rec-
tal cancer. The incidence, epidemiology and etiology were 
described earlier in this chapter.

Clinical Characteristics

The most common presenting symptom is bleeding, which 
occurs in over 50% of patients with many complaining of 
anal pain. Other symptoms include palpable lump, pruritis, 
discharge, tenesmus, change in bowel habits, fecal inconti-
nence, and rarely, inguinal lymphadenopathy.81,104,105 A small 
number of patients are asymptomatic. Unfortunately, most 
patients are diagnosed late with up to 55% of patients 
being misdiagnosed at the time of presentation.81 In another 
study of 172 patients with SCC, only 17 were diagnosed 
with tumors confined to the epithelium and subepithelial 
 connective  tissue.106
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Evaluation

Physical examination should include a complete anorectal 
examination with external inspection of the anoderm, digital 
exam, anoscopy, proctoscopy, when necessary, and exami-
nation of inguinal nodes. Lesions are characteristically hard 
and ulcerated and, if large, may extend outside the anal 
canal (Figure 20-5). Careful notation should be made of the 
size, location, and mobility of the mass, associated perirec-
tal lymphadenopathy, and in women, a pelvic examination 
should be performed to look for any associated lesions or 
invasion of tumor into the vagina. Complete examination 
and biopsy may require anesthesia for those patients with 
significant pain. Additional workup may include an endoa-
nal/endorectal ultrasound to assess the depth of the tumor, 
presence of perirectal lymph nodes, and invasion of adjacent 
organs as an adjunct to the physical examination although 
this may be limited by pain.107–110 Ultrasound has been found 
to be superior to physical exam in assessing the involvement 
of internal and external anal sphincter muscle and perirec-
tal lymph nodes. This has an impact on staging as physical 
exam often under-stages tumors. One study demonstrated 
that endorectal ultrasound T and N stage were significant 
predictors of relapse, whereas the corresponding clinical 
staging was not.109 A study of three-dimensional ultrasound 
has demonstrated improved accuracy in detecting perirectal 
lymph nodes and some suggestion of improved evaluation of 
tumor invasion.111 Inguinal nodal involvement at the time of 
presentation can be difficult to determine. The sensitivity of 
radiologic imaging and clinical exam are poor.112 Enlarged 
lymph nodes can be reactive to secondary inflammation in 
some cases and therefore should be biopsied with direct 
fine-needle aspiration (FNA) or ultrasound-guided FNA if 
detected by imaging. Excisional lymph node biopsy is rarely 
required but may be done if FNA is inconclusive. Studies 
of sentinel lymph node biopsy have demonstrated that the 
technique is safe and may result in more accurate staging113, 
but the actual impact on initial and subsequent management 
remains unclear as long as inguinal fields are included dur-
ing radiation therapy. CT scan or MRI of the abdomen and 

pelvis can add to locoregional staging as well as evaluating 
for liver metastasis. A chest CT or chest X-ray is used as 
a screening tool for lung lesions. PET scans are primarily 
useful for assessing persistent or residual disease after treat-
ment. Sigmoidoscopy can exclude any associated lesions 
proximal to the anal canal. Lastly, a HIV test should be per-
formed for those at higher risk. HIV positive patients with 
CD4 counts <200 need better monitoring of opportunistic 
infections, closer attention to toxic effects of chemoradia-
tion with possible alterations in dosage, and management of 
antiretroviral therapy.104,105,114,115

Staging

The staging of anal canal SCC is based on the size of the 
tumor and lymph node metastasis. The TNM staging is listed 
in Table 20-1. The risk of nodal metastasis correlates with 
the size, depth of invasion, and the histologic grade of the 
tumor. In a series of 305 patients with SCC, lymph node 
metastasis was present in 16%. Nodal metastasis by T stage 
was as follows: T1 (0%), T2 (8.5%), T3 (29%), T4 (35%). 
Lymph node metastasis occurred in 47% of patients with T4 
tumors greater than 5 cm in size.116 Inguinal metastases have 
been detected in 10–30% of patients at the time of diagno-
sis90,106,117,118 with an additional 5–22% of patients developing 
clinically apparent lymph node metastases over time.118 Nodal 
metastasis was almost double (58% vs. 30%) in those tumors 
invading beyond the external sphincter compared to invasion 
of the internal sphincter.119 Lymphatic drainage of the anal 
canal above the dentate line proceeds along the superior rec-
tal vessels. At the dentate line, the drainage basin includes 
the internal pudendal, internal iliac, and obturator nodes. 
Below the dentate line, the lymphatic drainage is through the 
inguinal, femoral, and external iliac lymph nodes.120 Mesen-
teric lymph nodes are more common in tumors of the proxi-
mal anal canal (50%) than the distal anal canal (14%).104 An 
anatomic study of lymph node metastasis demonstrated that 
they most often occur above the peritoneal reflection and not 
in the perianal area. Additionally, almost half of the positive 
lymph nodes were less that 5 mm in size.120 Distant visceral 
metastasis occurs in 10–17% of patients at presentation and 
can be found in the liver, lung, bone, and subcutaneous tis-
sues.100,101 Subsequent metastasis is more common and was 
the cause of 40% of cancer-specific deaths in one series.101

Treatment

Surgery

The treatment of anal canal SCC was historically operative 
with APR being the standard of care. Unfortunately, local 
recurrence rates ranged from 27 to 47% and 5-year survival 
was 40–70%.89,90,103,104,106,112,121 The presence of pelvic lymph 
nodes decreased the 5-year survival to below 20%.105 Local 
excision was performed in those patients who could not tolerate 
an abdominal operation, refused a permanent colostomy, or Figure 20-5. Anal canal carcinoma.
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had small, well-differentiated tumors. The recurrence rates 
and 5-year survival ranged from 20 to 80% and 45 to 85%, 
respectively.85,86 However, in well-selected patients with 
early tumors, the 5-year survival was 100%.89,90,106

Radiation Therapy

Primary radiation therapy is quite effective in treating SCC 
as this tumor is extremely radiosensitive. It can be given 
as external beam radiation, brachytherapy or in combina-
tion. Response is dose-dependent with the best chance of 
tumor eradication occurring with at least 54 Gy of external 
beam radiation (Table 20-4).122,123 However, this benefit is 
lost when radiation is administered in a split-course fash-
ion.124,125 Local control and cure can be achieved in 70–90 
% of selected patients with 60–70% retaining sphincter 
function.117,122 However, when tumors are larger than 5 cm 
or lymph nodes are involved the cure rate decreases to 
50%.78,100,117,122 Better results with higher doses of radiation 
must be exchanged with increased radiation-induced com-
plications when more than 40 Gy is administered. Serious 
late complications include anal necrosis, stenosis, and ulcer-
ations, diarrhea, urgency and fecal incontinence, cystitis, 
urethral stenosis, and small bowel obstruction. Significant 
impairment of bowel control due to anal complications can 

lead to the placement of a colostomy. Studies have found 
a dose-dependent effect on morbidity with the requirement 
of a colostomy in 6–12% of patients.117,126,127 However, one 
study examining risk factors predictive of requiring a colos-
tomy for management of anal cancers found that tumor size 
was the only risk factor. Although radiation toxicities did 
occur, patients were not at an increased risk for requiring a 
stoma.128 Brachytherapy used alone or in conjunction with 
external beam radiation is also effective with local control 
rates of 75–79% and 5-year survival of 61–65%, but 3–6% 
of patients had serious complications that required surgery. 
The high rate of anal necrosis seen when both modalities are 
used has dampened the enthusiasm for this approach.129,130 At 
this time, radiation therapy alone is not commonly utilized 
but may have a role in treating T1 tumors.126,131

Chemoradiation Therapy

The introduction of chemoradiation therapy by Nigro in 1974 
revolutionized the treatment of anal canal SCC by demonstrat-
ing equivalent local control and survival rates with the preser-
vation of sphincter function and thus avoidance of a 
colostomy.132–134 Since that time, multiple studies have con-
firmed these results and chemoradiation is the standard therapy 
for SCC of the anal canal. Nigro described using 30-Gy exter-
nal beam radiation with 5-Fu and mitomycin C, and demon-
strated a complete pathological response in 21 of 26 patients 
treated (81%). Since that time various radiation doses 
 (30–60 Gy) and chemotherapeutic regimens have been used 
with similar complete pathologic responses (45–100%) and 
survival rates (70–90%) (Table 20-5). As a result, operative 
treatment for anal canal SCC was largely abandoned and 
reserved for those patients with persistent or recurrent disease 

Table 20-4. Response to radiation based on dosage

Local control (%)

Author Year <54 Gy >54 Gy

Hughes et al.122 1989 50 90
Constantinou et al.123 1997 61 77

Table 20-5. SCC of the anal canal: results of combination of radiation and 5-FU plus mitomycin C

Author (s) No. of patients Dose (Gy) Complete regression (%) Follow-up (mo) 5-year survival (%)

Flam et al. (1987)189  30 41–50 87 9–76-> –
Nigro (1987)190 104 30 93 24–132-> 83
Habr-Gama et al. (1989)191  30 30–45 73 12–60-> –
Sischy et al. (1989)192  79 40.8 90 20–55-> –
Cho et al. (1991)193  20 30 85 Av. 34 70
Cummings et al. (1991)126  69 50 85–93 >36 76
Lopez et al. (1991)194  33 30–56 88 Med., 48 79
Doci et al. (1992)195  56 36 + 18 87 2–45 81
Johnson et al. (1993)196  24 40.5–45 100 Med., 41 87
Tanum et al. (1993)197  86 50 T1*97 46%>36 72

T2*80
Beck and Karulf (1994)198  35 30–45 97 4–155 87
Smith et al. (1994)199  42 30 T1*90 31 90

T2*87 31 87
Bartelink et al. (1997)100  51 30–45 80 Med. 42 Overall survival 

58% P = 0.17
UKCCCR (1996)101 292 45 Not specifically reported Med. 42 3-year – 65%
Ajani et al. (2008)200 324 45–59 Not specifically reported Med., 30 75
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after chemoradiation. Although much  controversy existed as 
to the benefit of chemoradiation therapy compared to primary 
radiation therapy, two randomized controlled studies have 
demonstrated the superiority of chemoradiation therapy with 
5-FU and mitomycin C to radiation alone.100,101 Using 45 Gy 
with a boost for good response, both studies exhibited better 
local control rates with chemoradiation (Table 20-6) but no 
significant difference in survival. However, one study noted a 
higher complete response rate (80% vs. 54%) and an improve-
ment in colostomy-free survival (72% vs. 47% at 3 years) 
which is significant.100 Chemotherapy-related deaths occurred 
in 5.4% of patients in one series leading to changes in the pro-
tocol which included a reduction of the dose for patients older 
than 70, bed-bound, frail, or with evidence of tumor-related 
sepsis.101 The role of mitomycin C was also examined in a 
randomized trial which demonstrated better complete patho-
logic response rate (92% vs. 85%), local control rate (84% vs. 
66%), colostomy-free survival rate (71% vs. 59%), and dis-
ease-free survival (73% vs. 51%) when mitomycin C was used 
in conjunction with 5-FU and radiation compared to 5FU and 
radiation alone.135 However, treatment toxicity was increased 
in the mitomycin C group (23% vs. 7%) with a 4% chemother-
apy-related mortality and overall survival was equivalent.

Although the use of mitomycin C has provided excellent 
results, cisplatin has gained favor as it is a radiation sensi-
tizer, is less myelosuppressive than mitomycin C and has 
been used for those patients who failed to respond to mito-
mycin C. In series of patients treated with 45–55 Gy of radi-
ation, 5-FU, and cisplatin, the reported rates of local control 
(80–83%), disease-free survival (77–90%), and colostomy-
free survival (71–82%) were comparable to the best results 
obtained from mitomycin C regimens. Additionally, there 
were fewer severe toxicities reported.136,137 A pilot study of 
the CALGB using cisplatin demonstrated a complete 
response rate of 80%, colostomy-free survival of 56% and 
overall survival of 78%.105,115 Although the initial studies 
were encouraging, more recent data suggests that mitomycin 
C remains the mainstay of chemotherapy. The US Gastroin-
testinal Intergroup trial RTOG 98-11 was a randomized con-
trolled trial conducted between October 1998 and June 2005 
that compared treatment with cisplatin, 5-FU, and radiother-
apy to mitomycin C, 5-FU, and radiotherapy.101 A total of 
682 patients with anal canal carcinoma were enrolled in the 
trial. The primary end point was defined as 4-year disease-
free survival. Secondary endpoints were overall survival and 
time to relapse. Cisplatin-based therapy did not improve 

disease-free survival compared with  mitomycin-based 
 therapy. Additionally, cisplatin-based therapy was associated 
with a higher rate of colostomy.

Although the presence of inguinal metastasis at presenta-
tion indicates a worse prognosis, the overall 5-year survival is 
48% (range 30–66%). Those with lymph nodes greater than 
2 cm in size, T3 or T4 tumors or anal margin involvement 
had a worse survival (29–32%).118 For patients with obvious 
evidence of inguinal node metastasis, local control can be 
achieved in 90% of patients receiving chemoradiation com-
pared to 65% receiving radiation alone. Surgical management 
with radical groin dissection can lead to significant compli-
cations and may be successful only 15% of the time.112 The 
management of synchronous inguinal node metastasis is not 
standardized and different centers use primary radiation ther-
apy (45–65 Gy), chemoradiation, and selective lymph node 
dissection followed by radiation which has been reported to 
maintain disease-free intervals in up to 60% of patients.79 For 
those with subclinical lymph nodes in the groin, chemoradia-
tion is advocated with doses as low as 30–34 Gy. This mini-
mizes toxicity but is effective in treating small volume disease 
based on previous studies of small sized tumors.105 Whether 
or not inguinal fields should always be included when treating 
patients for anal canal SCC remains controversial.

Follow-up

No consensus has been reached on appropriate follow-up 
after the treatment of SCC. It is generally agreed that early 
intervention for persistent disease and recurrent locoregional 
disease can lead to successful salvage therapy. Routine 
examination with digital rectal exam and anoscopy every 3 
months in the first 2 years, and every 6 months until 5 years 
has been recommended. Ultrasound examination has also 
become popular in detecting recurrence although the litera-
ture is mixed on its benefit.109,138 CT scan or MRI performed 
after the completion of chemoradiation may also be useful 
as a baseline for future comparison. MRI is useful for dis-
tinguishing surrounding tissues and detecting persistent or 
recurrent disease.

Treatment of Residual or Recurrent Disease

Persistent or recurrent disease localized to the pelvis after 
 chemoradiation can be treated with salvage therapy. Patients 
need to be restaged with a CT of the chest,  abdomen, 

Table 20-6. Result of two randomized trials examining radiation therapy alone and radiation therapy with chemotherapy 
for anal canal SCC

Local control (%) Overall survival (%)

N Follow-up XRT Chemo XRT P value XRT Chemo XRT P value

EORTC100 110 5 years 50 68 0.02 57 52 0.17
UKCCCR101 585 3 years 39 61 <0.001 58 65 0.25
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and pelvis. MRI may be useful to assess  resectability of 
 pelvic recurrence and PET scan may help to differentiate 
tumor from radiation-induced tissue changes or other unde-
tectable metastases. APR can be performed for tumor local-
ized to the pelvis with a 5-year survival of 24–47%.139–144 
Those with positive margins, nodal disease at salvage and 
persistent disease after chemoradiation have poorer out-
comes.144,145 Morbidity for APR in this setting is significant 
with an increased risk of perineal wound complications. 
This has prompted the use of plastic surgery reconstruction 
using rotational or advancement flaps or alternatively, use 
of the vacuum assisted closure (VAC) to promote healing. 
The benefit of adjuvant chemotherapy after APR is currently 
unknown. Symptomatic inguinal disease after chemoradia-
tion of the primary tumor can be treated with radical groin 
dissection if radiation has already been administered. Addi-
tional radiotherapy can be considered if maximal doses of 
radiation were not delivered. Radical groin dissection in 
selected patients can result in a 5-year survival of 55%.146 
Distant metastasis have been found in 10–17% of patients 
treated with chemoradiation,100,101 and are usually treated 
with systemic chemotherapy, such as cisplatin or 5-FU for 
palliation. If the metastases are isolated in the liver or lung 
and the primary disease is controlled, resection can be con-
sidered.

Uncommon Anal Canal Neoplasms

Adenocarcinoma

Anal canal adenocarcinomas are classified into three types. 
The first group may arise from the mucosa of the transitional 
zone in the upper canal and are indistinguishable from rectal 
adenocarcinoma. The second derives from the base of the 
anal glands, which are lined with mucin-secreting columnar 
epithelium. The last can develop in the setting of a chronic 
anorectal fistula.85 Adenocarcinomas account for 5–19% 
of all anal cancers147–149 and have a more aggressive natural 
history than SCC.150 The average age at presentation ranges 
from 59 to 71 years with equal gender distribution.148,151 
Patients may present with pain, induration, abscess/fistula, 
or a palpable mass. Other symptoms include bleeding, pruri-
tis, seepage, prolapse, and weight loss.85

Due to the rarity and heterogeneity of this tumor, the role 
of surgery and chemoradiation has been difficult to assess, 
thus making definitive recommendations for treatment 
impossible. Many patients present with advanced local or 
metastatic disease making curative treatment challenging. 
The local disease may tend to be more advanced in those 
that arise in glands and fistulous tracts because these loca-
tions are outside the bowel wall, and therefore the disease 
originates in a locally advanced location. Wide local exci-
sion may be feasible for those patients with a “rectal-type” 
tumor that is small, well differentiated, and does not invade 

the sphincter  complex. All other tumors require APR. 
Chemoradiation alone has not been shown to be as effec-
tive for adenocarcinoma compared to SCC due to high local 
recurrence rates (54% vs. 18%) and poor survival rates (64% 
vs. 85%).150 However, in another study analyzing treatments 
for anal canal adenocarcinoma, including APR, surgery with 
radiation, and chemoradiation, similar locoregional recur-
rence rates (20%, 37%, 36%) and better overall survival was 
seen in the chemoradiation group (21%, 29%, 58%).151 Other 
studies have suggested that a combined modality approach 
of surgery with chemoradiation does improve outcome with 
survival rates exceeding 60%.147,148 Although no large series 
of patients has been treated in any uniform manner to sub-
stantiate the approach of chemoradiation therapy followed 
by surgery, the success of this approach for rectal adenocar-
cinoma would support its use.

Melanoma

Anorectal melanoma is characterized by lesions that are often 
difficult to differentiate from benign pathology. For this rea-
son, and its rarity, many patients present with advanced stage 
disease. Although the anorectum is the most common site 
for primary melanoma of the gastrointestinal tract, it com-
prises only 0.5–5% of all malignancies there. Fewer than 500 
cases have been reported in the literature.152 Patients are fre-
quently female, Caucasian and in their sixties. Isolated cases 
have been reported in African American and Asian popula-
tions.78,153,154

Anorectal bleeding is the most common symptom 
described. However, anal pain, change in bowel habits, or 
tenesmus may also be reported. Weight loss and malaise may 
be indicative of advanced disease. A mass in the anal canal is 
the most frequent sign with palpable inguinal lymph nodes 
common. These tumors arise from the transitional epithe-
lium of the anal canal, the anoderm or the mucocutaneous 
junction. Although some lesions may seem to arise within 
the rectal mucosa, it is postulated that this is due to hetero-
topic epithelium within the rectum or mucosal spread from a 
primary foci within the anal canal.153

Most lesions are pigmented, with early lesions appearing 
polypoid and larger lesions having ulcerations, raised edges 
or significant growth into the rectal vault. An early lesion 
may be indistinguishable from a thrombosed hemorrhoid, and 
some cases have been incidentally diagnosed from a hem-
orrhoidectomy specimen. Approximately two-thirds of the 
lesions are grossly pigmented or show histological evidence 
of melanin.155 Amelanotic lesions can be difficult to differen-
tiate from undifferentiated squamous cell carcinoma.

Surgical management of anorectal melanoma provides 
the only chance for cure. However, the choice of operation 
continues to be controversial since the prognosis is so poor. 
Up to 35% of patients present with metastatic disease,156,157 
and those patients with tumors greater than 10 mm in thick-
ness are not cured by any treatment.157 Additionally, long-term 
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survival rates, which range from 0 to 29%,152,155–159 do not 
seem to differ when wide local excision or APR is per-
formed. However, some studies have shown fewer locore-
gional recurrences with a more radical operation,155,156,160 
thereby supporting the use of APR for earlier stage tumors. 
In a study of anorectal melanomas stratified by tumor thick-
ness, tumors greater than 4 mm had inadequate local tumor 
control with wide local excision alone and APR was advo-
cated.157 Despite this, anorectal melanoma is largely a fatal 
disease and so the choice of treatment has little influence 
on the eventual outcome. Therefore, many authors advocate 
local excision to spare patients the morbidity of an APR 
and a colostomy. If the tumor is bulky and negative mar-
gins (1–2 cm) cannot be achieved, it involves the sphincter 
complex, or local resection will result in incontinence, then 
an APR is the recommended treatment option. If the patient 
already has signs of regional or systemic metastasis, radical 
excision should not be performed. The use of endoanal ultra-
sound and sentinel lymph node biopsies may further guide 
treatment for this disease.152,158

Adjuvant therapy for cutaneous melanoma has been stud-
ied extensively; however, the applicability of this data to 
anorectal melanoma remains uncertain. Many immunother-
apeutic and chemotherapeutic agents such as dacarbazine, 
bacillus Calmette-Guerin, levamisole, and interferon-a have 
demonstrated no benefit.158 Cytotoxic chemotherapy, includ-
ing cisplatin, vinblastine, and dacarbazine, combined with 
interleukin-2 or interferon-a2b has shown some improve-
ment in survival, however, patients suffered significant 
treatment-related toxicity.161 Radiation therapy has also been 
utilized to improve local and regional control yet due to 
the small numbers of patients with anorectal melanoma, its 
efficacy is unknown. Due to its predilection for developing 
systemic metastasis, it is unclear whether efforts to achieve 
better local control are useful.

Gastrointestinal Stromal Tumors

Gastrointestinal stomal tumors (GIST) of the anus are 
extremely uncommon with only 17 cases reported in the 
literature up to 2003.162 GISTs are tumors of mesenchymal 
origin that are not derived from smooth muscle or Schwann 
cells. They are identified by immunohistochemical studies 
that stain positive for CD34 and CD117 antigens. It is impor-
tant to differentiate them from true smooth muscle tumors, 
with which they were previously combined, as they have a 
different pathogenesis and biological outcome. However, 
most series that have reported on leiomyomas and leiomyo-
sarcomas in the past did not make this distinction, but in fact, 
reflect a large proportion of GISTs.162,163 Due to the rarity of 
anal GISTs, they have only been studied with lesions of the 
rectum as a single entity.

Patients present in the fifth to seventh decade of life are 
more commonly men. Most patients are asymptomatic 
but bleeding, anal pain, change in bowel habits, or urinary  

symptoms can occur. Pathologic factors implicated in 
 aggressive tumors with metastatic potential are size greater 
than 5 cm in diameter and high mitotic counts, pleomor-
phism, infiltration of muscularis propria, and coagulative 
necrosis. The presence of symptoms is also associated with 
a worse prognosis.

Treatment involves local excision for tumors less than 
2 cm and APR for those with larger tumors or worse patho-
logic features.162 In a study of anorectal stromal tumors, 
recurrence rates for local excision and radical resection were 
60% and 0%, respectively.164 The natural history of GISTs 
is indolent with a long latency period (greater than 4 years) 
to recurrence or metastasis, which is usually by a hematog-
enous route.163 The role of adjuvant therapy in anal GIST is 
uncertain given the small numbers of patients affected. How-
ever, the success of Gleevec® (imitanib mesylate) in treating 
other GISTs would suggest it as a first line therapy for c-Kit 
(+) (CD117) GIST of the anus and rectum where compro-
mised bowel control or permanent stoma is an issue.

Small-Cell Carcinoma/Neuroendocrine Tumors

Small cell or neuroendocrine tumors comprise less than 
1% of all colorectal malignancies and are extremely rare in 
the anal canal. In a series of neuroendocrine carcinomas of 
the lower gastrointestinal tract, 16% were found in the anal 
canal.165 Diagnosis involves identification of the classic his-
topathologic pattern. Hyperchromatic nuclei, pale nucleoli, 
high mitotic count, in addition to tumor growth in loose, 
noncohesive sheets are seen, similar to small cell or oat cell 
carcinoma of the lung. Sixty-five to 80% of patients with 
extrapulmonary small cell tumors present with metastatic 
disease. Therefore, it is important to stage them accurately. 
Those with disease limited to the anal canal are treated in 
a similar fashion to those with adenocarcinoma, including 
chemoradiation and radical surgery. Those with dissemi-
nated disease may benefit from combination chemotherapy 
regimens used for small cell lung cancer, such as cisplatin 
and etopside.153,165

Uncommon Perianal Neoplasms

Basal Cell Carcinoma

The incidence of basal cell carcinomas (BCC) of the anus, in 
comparison to sun-exposed areas of the body, is extremely 
low. It comprises about 0.1% of all BCC diagnosed and fewer 
than 200 cases of BCC have been reported on the perianal 
and genital area.166 BCCs of the anal margin account for only 
0.2% of all anorectal cancers. The largest series of perianal 
BCC thus far reported includes only 34 cases.167

The etiology of perianal BCC is likely different from 
BCC arising in sun-exposed skin. Although preexisting 
skin  conditions, such as basal cell nevus syndrome and 
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xeroderma pigmentosum, immunodeficiency, and  genetics, 
may  contribute to both types, radiation, chronic irritation 
or  infection, and history of trauma or burn have all been 
implicated in perianal lesions.166,168 The majority of these 
carcinomas occur in men (60–80%) and the average age at 
presentation is 65–75 years. Approximately one-third have 
a previous or concomitant history of BCC at other skin 
sites.166,167,169

The average size at presentation is less than 2 cm, although 
they can be as large as 10 cm and extend into the anal 
canal.167 The clinical appearance can range from erythema-
tous papules to nodules, plaques, and ulcers.166 They tend to 
be mobile and superficial with little invasive or metastatic 
potential. Histologically, they are similar to BCC of other 
areas of the body and do not contain HPV.166 It is extremely 
important to differentiate BCC from basaloid carcinoma his-
tologically as these entities behave in a different manner.

It was previously thought that anorectal BCC was more 
aggressive than other cutaneous BCC, but it is169 likely that 
perianal BCC was not adequately differentiated from the 
more aggressive basaloid tumors thus suggesting a worse 
prognosis.

Treatment is wide local excision ensuring adequate mar-
gins, which is possible in lesions less than 2 cm. Larger 
lesions may require excision with skin grafting or use of 
Mohs micrographic surgery to preserve uninvolved tissue. 
Recurrence rates for local excision range from 0 to 29%.167,169 
Cancer specific survivals in both series were 100% at 5 years. 
Recurrences can be treated with re-excision. Large lesions 
extending into the anal canal may be better treated with radi-
ation or APR.

Paget’s Disease

Paget’s disease can be divided into two groups, mammary 
and extra mammary. The former was identified on the nipple 
of the female breast with an underlying carcinoma by Sir 
James Paget in 1847.170 The latter was described specifically 
in the perianal area by Darier and Couillaud in 1893171 and 
comprises about 20% of the extramammary type.153 Other 
sites of Paget’s disease include the axilla, scrotum, penis, 
vulva, groin, thigh, and buttock where apocrine glands are 
found.

It is currently believed that Paget’s cells represent an 
intraepithelial adenocarcinoma with a prolonged preinvasive 
phase that eventually develops into an adenocarcinoma of 
the underlying apocrine gland given enough time. The ori-
gin of these cells is not completely understood. One theory 
suggests that a pluripotent basal cell is the progenitor of the 
Paget’s cell with the adenocarcinoma arising in the epidermis 
and extending into the dermis. The other theory supports the 
origin of Paget’s cells from the apocrine glands that spreads 
into the overlying epidermis. The latter hypothesis may be 
more likely given the fact that the lesions tend to occur in 
areas of high density apocrine glands.79,153,172

This is a rare condition with fewer than 200 cases reported 
in the literature to date.173 Patients present in the seventh 
decade of life with equal distribution among men and women.  
The most common presenting symptom is intractable  itching 
followed by bleeding, palpable mass, inguinal lymphade-
nopathy, weight loss, anal discharge and constipation. The 
median duration of symptoms is 3 years.174,175 The lesions 
themselves often have an erythematous, eczematous appear-
ance with well-demarcated borders mimicking a rash 
 (Figure 20-6). They may look ulcerated or plaque-like with 
oozing or scaling. A third of cases involve the entire anus.176 
These lesions are often misdiagnosed because of their simi-
larity to other conditions. The differential includes HSIL, 
Crohn’s disease, condyloma acuminatum, hidradentits sup-
purativa, pruritis ani, and squamous cell carcinoma. Biopsy 
is essential to confirm the diagnosis.

Histologically, Paget’s cells have large, round, eccentric, 
hyperchromic nuclei with pale-staining, vacuolated cyto-
plasm (Figure 20-7). The cytoplasm stains positive with 
periodic acid-Schiff stain due to the abundance of mucin 

Figure 20-6. Perianal Paget’s Disease. With permission from Beck 
DE, Wexner SD. Anal neoplasms. In: Beck DE, Wexner SD, edi-
tors. Fundamentals of anorectal surgery. London: W. B. Saunders; 
1998. p. 261–277.
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and also stains positive for mucicarmine, cytokeratin 7, and 
alcian blue, which stain mucoproteins, and differentiates 
it from HSIL. Both mammary and extramammary Paget’s 
 disease have similar histologic features but mammary Paget’s 
consistently presents with an associated invasive carcinoma, 
whereas in perianal Paget’s disease, less than half (30–44%) 
present with invasive adenocarcinoma.172,176,177 However, 
the incidence of associated visceral malignancies in peria-
nal Paget’s disease is elevated with various series reporting 
rates of 30–50%. The most common sites include the gas-
trointestinal tract, anus, skin, prostate, neck, and nasophar-
ynx.172,176–178 There may also be synchronous lesions in the 
axillary or anogenital area in patients diagnosed with peria-
nal disease, and therefore a careful survey of other sites for 
malignancy and secondary disease is necessary.153

The treatment for perianal Paget’s disease depends on the 
presence of invasion and other associated anorectal malig-
nancies. For noninvasive lesions, wide local excision is the 
procedure of choice. In addition to resecting the lesion with 
grossly negative margins, it is important to map the extent of 
involvement of the lesion microscopically. This can be per-
formed either by taking random biopsies 1 cm from the edge 
of the lesion in all four quadrants, including the dentate line, 
anal verge, and perineum173,178 or by using toluidine blue 
and acetic acid to stain the Paget’s cells, thereby directing 
the site for biopsy.79 The use of intraoperative frozen sec-
tions ensures that any disease that extends beyond the gross 
lesion is excised to reduce the chance of recurrence. Positive 
margins requiring re-excision are not uncommon when this 
technique is not utilized. In a series of 27 patients, nine had 
positive margins and 12 required further surgery. Of the five 
patients who had mapping with 1 cm biopsies, none devel-
oped recurrence.172 Another study reported positive margins 

in 53% of patients.179 Preoperative mapping can also be 
 performed using dermatologic punch biopsies. If the defect 
is small, the skin may be closed primarily. For larger lesions 
that require circumferential excision of the perianal skin, 
split-thickness skin grafts or sliding and rotational flaps may 
be required. Recurrence rates range from 37 to 100%.172,177,180 
Most recurrences were treated with wide re-excision with 
excellent results. For those who developed invasion, more 
radical surgery or adjuvant therapy was utilized.

Patients who have an invasive component or an associ-
ated anorectal malignancy should be considered for radical  
excision with APR. If positive inguinal lymph nodes 
are present, then an inguinal lymphadenectomy should be 
added. Unfortunately, patients with invasive disease present 
with metastasis 25% of the time and all patients who die of 
this disease have an invasive component.79,172 Too few cases 
of perianal Paget’s disease exist to allow for a comparison of 
invasive and noninvasive groups. Disease-specific survival 
for all perianal Paget’s disease at 5 years ranges from 54 to 
70%172,176–178 and at 10 years decreases to 39–45%.172,176

The role of adjuvant chemoradiation therapy remains 
uncertain. It is currently used in some cases of invasive or 
aggressive recurrent disease. Concurrent anorectal malignan-
cies may be another indication. Radiation has been associated 
with an increased rate of local complications when used for 
perianal Paget’s disease179 and is therefore reserved for patients 
who are not candidates for further surgical resection.172

Verrucous Carcinoma

The term verrucous carcinoma was initially coined in 1948 
to describe a low-grade carcinoma of the oral mucosa that 
resembled viral warts. It has now been expanded to include 
those lesions described as giant condyloma acuminatum 
or Buschke-Lowenstein tumors. Abraham Buschke first 
described the latter in 1896 with respect to two invasive 
condylomata of the penis. Buschke and Lowenstein181 then 
further delineated these lesions of the anus in 1925. Condy-
lomatous features characterized these tumors with growth to 
a large size, local invasion and destruction of surrounding 
tissues, and the absence of metastases. Although it is a well-
recognized entity, fewer than 60 cases have been reported in 
the literature to date.182 HPV is frequently detected.

These tumors are more commonly found in men with a 
2.7:1 male to female ratio. The average age of patients is 45 
years and is slowly decreasing. Patients present most com-
monly with the complaint of an anal growth. Pain, perianal 
discharge/abscess, anorectal bleeding, pruritis, and a change 
in bowel habits may also occur.182,183 The lesions themselves 
are generally slow growing with a soft, cauliflower like 
appearance that can become nodular as it penetrates the 
underlying tissues. One theory suggests that direct expan-
sion of the tumor causes erosion and even necrosis of the 
surrounding tissues thereby predisposing to the development 
of fistulas that drain purulent fluid. Another suggests that 

Figure 20-7. Perianal Paget’s Disease (Photomicrograph hematox-
ylin and eosin ×400). With permission from Beck DE, Wexner SD. 
Anal neoplasms. In: Beck DE, Wexner SD, editors. Fundamentals 
of anorectal surgery. London: W. B. Saunders; 1998. p. 261–277.



352 M.L. Welton and N. Raju

condylomatous disease complicates existing abscess fistulous 
disease leading to the appearance of tissue erosion, necrosis, 
and invasion. The tumors arise most commonly from the 
perianal skin but can also present in the anal canal and distal 
rectum. At presentation, they tend to be quite large measur-
ing anywhere from 1.5 to 30 cm.182 Regional lymphadenopa-
thy may also occur secondary to infection.

The tumor, which is clinically difficult to distinguish 
from a malignancy, is histologically benign. Papillomatosis, 
acanthosis with hyperplasia of the prickle cell layer, variable 
hyperkeratosis, parakeratosis, and underlying inflammation 
are often found.181 However, of all the cases of giant con-
dyloma acuminatum reported, only 42% were histologically 
diagnosed as condyloma without any invasion. A malignant 
transformation was identified in 58% of the tumors; 8% had 
carcinoma-in situ, and 50% had invasion that was termed 
verrucous carcinoma, SCC or basaloid carcinoma.

The standard treatment for verrucous carcinoma is radical 
local excision. For those patients with extensive deep tissue 
involvement, multiple fistulas, or involvement of the anal 
sphincter, APR is indicated. Cure can be achieved only by 
radical excision. Neoadjuvant radiation therapy may be use-
ful for those tumors with invasive carcinoma and to render 
a tumor resectable due to its large size; however, some con-
troversy exists as to whether radiation promotes malignant 
transformation of the tumors. The most current studies do 
not support this concept, as the incidence of invasive lesions 
after radiation is extremely low.183 It has been hypothesized 
that the high recurrence rates after radical excision may be 
attributable to spillage of residual tumor, which could poten-
tially be prevented by reducing the tumor size with preopera-
tive chemoradiation. Certainly, size and local extent of tumor 
invasion, not malignant histology, has the greatest impact on 
morbidity, recurrence, and mortality. The authors favor the 
hypothesis that local recurrence is related to transection of the 
complicated infected fistulous tracts commonly associated 
with this process. Unfortunately, the rarity of this condition 
makes it difficult to study this issue prospectively.

HIV-Related Anal Cancer

Kaposi’s Sarcoma

Although Kaposi’s sarcoma is the most common cutaneous 
malignancy in patients with AIDS,184 the incidence of peria-
nal lesions is quite small and decreasing with the increasingly 
effective antiretroviral therapy available today.185 A study of 
180 consecutive HIV-seropositive patients seen for anorectal 
symptoms revealed two perianal Kaposi’s sarcomas. They 
were both small, round, purplish lesions that could easily 
have been mistaken for hemorrhoids. Both were treated with 
chemotherapy although radiation has been used for localized 
cutaneous lesions.186

Lymphoma

The incidence of non-Hodgkin’s lymphoma (NHL) has been 
increasing in AIDS patients as treatment improves and life 
expectancy increases. NHL is the second most common 
AIDS-related neoplasm after Kaposi’s sarcoma. Compared 
to lymphomas found in the general population, these tumors 
are characterized by B-cells of a higher histologic grade that 
originate from extranodal tissue. They are also more aggres-
sive, prone to dissemination, and resistant to treatment. 
Most lymphomas are found in the central nervous system 
and the gastrointestinal tract. However, anorectal lympho-
mas are extremely rare, comprising less than 1% of all ano-
rectal neoplasms in the general population.187 Although the 
anorectal area is devoid of lymphoid tissue, it is postulated 
that the exposure to chronic infections from anal receptive 
intercourse or an immunocompromised state may result in 
an “acquired” mucosa-associated lymphoid tissue (MALT).

The most common presenting symptoms are pain, pruri-
tis, drainage, or a palpable mass. Some patients may have 
more constitutional symptoms, such as fever, night sweats, 
or weight loss.187 After appropriate staging, patients are 
treated with a standard regimen for NHL of chemotherapy 
and radiation therapy of the affected area.

There is no role for surgical treatment. Usual chemo-
therapeutic agents include cyclophosphamide, actinomycin, 
vincristine, and corticosteroids (CHOP). There are too few 
cases of anorectal lymphoma reported to discuss overall 
prognosis. However, younger patients without constitutional 
symptoms may fare better. Additionally, low CD4 counts and 
performance status may affect a patient’s ability to endure 
aggressive therapy.153 Isolated reports of immunocompetent 
patients with anorectal lymphoma have been reported with 
excellent response to treatment.188
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Presacral Tumors
Eric J. Dozois and Maria Dolores Herreros Marcos

Introduction

The presacral or retrorectal space may be the site of a group 
of heterogeneous and rare tumors that display indolent 
growth and produce ill-defined symptoms. As detection is 
often difficult and delayed, patients frequently present with 
tumors that have reached considerable size and involve mul-
tiple organ systems, complicating their treatment. The diag-
nosis and management of these tumors has evolved in recent 
years due to improved imaging modalities, a better under-
standing of tumor biology, adjuvant chemoradiation therapy 
and a more aggressive surgical approach. Few surgeons have 
the opportunity to treat these complex lesions, and the care 
of these patients can be greatly optimized by an experienced, 
multidisciplinary team.

Anatomy and Neurophysiology

A thorough understanding of pelvic anatomy, including soft 
tissue, neurologic, and osseous structures is essential in the 
evaluation and management of presacral tumors. The bound-
aries of the retrorectal region include the posterior wall of the 
rectum anteriorly and the sacrum posteriorly (Figure 21-1). 
This space extends superiorly to the peritoneal reflection 
and inferiorly to the rectosacral fascia and the supralevator 
space. Laterally, the area is bordered by the ureters, the iliac 
vessels, and the sacral nerve roots (Figure 21-2A). Several 
important vascular and neural structures are located in this 
area and injury to them may have important physiologic rec-
toanal sequelae, as well as neurologic and musculoskeletal 
consequences. If all sacral roots on one side of the sacrum 
are sacrificed, the patient will continue to have normal ano-
rectal function. Likewise, if the upper three sacral nerve 
roots are left intact on either side of the sacrum, the patient’s 
ability to spontaneously defecate and to control anorectal 
contents will remain essentially intact. If, however, both S-3 
nerve roots are sacrificed, the external anal sphincter will no 
longer contract in response to gradual balloon dilation of the 

rectum and this will translate clinically into variable degrees 
of anorectal incontinence and difficult defecation.1 If sacrec-
tomy is to be performed, the surgeon must be familiar with 
the relationship among thecal sac, sacral nerve roots, sciatic 
nerve, piriformis muscle thecal sac, and sacrotuberous and 
sacrospinous ligaments (Figure 21-2B). Structurally, the 
majority of the sacrum can be resected, if more than half of 
the S-1 vertebral body remains intact, pelvic stability will be 
maintained. However, preoperative radiation to the sacrum 
may ultimately lead to stress fractures if only S-1 remains. 
As such, spinopelvic stability may be augmented with fusion 
in select patients. Knowledge of anatomy of the thigh and 
lower extremity is also required in complex cases requiring 
muscle or other soft tissue flaps. It is important to discuss 
with patients preoperatively the potential neuromuscular and 
visceral losses that may occur during the operation and how 
this will influence their function and quality of life.

Classification

General Considerations

Presacral lesions are rare. Reports from various large refer-
ral centers have indicated that their incidence may be as low 
as 1 in 40,000 hospital admissions (0.014%).2 Spencer and 
Jackman found precoccygeal cysts in only 3 of 20,851 proc-
tologic exams.3 While Jao et al.4 reported 120 patients over 
a 19-year period.

Lesions found in the presacral space can be broadly classi-
fied as congenital or acquired, benign or malignant. Two-thirds 
of lesions are congenital, two-thirds of which are benign and 
one-third neoplastic. Overall, 45–50% of the presacral masses 
are malignant or have areas of malignant change within 
them.4–6 The presacral space has a complex embryologic 
development, and this potential space is primarily composed 
of connective tissue, nerves, fat, and blood vessels. As this area 
contains totipotential cells that differentiate into three germ 
cell layers, a multitude of tumor types may be encountered.  
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The classification first described by Uhlig and Johnson7 has 
been used for many years and divides tumors into broad cat-
egories; congenital, neurogenic, osseous, and miscellaneous. 
We have modified and updated this system to subcategorize 
tumors into malignant and benign entities, as this greatly 
impacts therapeutic approaches (Table 21-1).

Gross and Histologic Appearance

Epidermoid cysts result from defects during the closure of 
the ectodermal tube. They are histologically composed of 
stratified squamous cells, do not contain skin appendages, 
and are typically benign.

Dermoid cysts also arise from the ectoderm, but histo-
logically they contain stratified squamous cells and skin 
appendages. These are also generally benign. Epidermoid 
and dermoid cysts tend to be well circumscribed, round and 
have a thin outer layer. Occasionally, they communicate with 
the skin surface producing a characteristic postanal dimple. 
They are most common in females and the infection rate 
may be high as they are often misdiagnosed as a perirectal 
abscess and operatively manipulated.

Enterogenous cysts are lesions thought to originate from 
sequestration of the developing hindgut, if related with the 
rectum they are called rectal duplication cysts. Because 
they originate from endodermal tissue, they can be lined 
with squamous, cuboidal, or columnar epithelium. Transi-
tional epithelium may also be found. These lesions tend to 
be multilobular with one dominant lesion and smaller sat-
ellite cysts. Like dermoid and epidermoid cysts, they can 

become infected and are more common in women. These 
are generally benign, but case reports have described malig-
nant transformation within rectal duplications.8

Tailgut cysts, which are sometimes referred to as cystic 
hamartomas, are congenital lesions arising from remnants 
of normally regressing postanal primitive gut. They are 
more common in females and can be seen as multiloculated 
or biloculated cysts on magnetic resonance imaging (MRI) 
(Figure 21-3).9 These cysts are composed of squamous, 
columnar, or transitional epithelium that may have a mor-
phologic appearance similar to that of the adult or fetal 
intestinal tract. The presence of glandular or transitional 
epithelium differentiates this lesion from an epidermoid or 
dermoid cyst. Malignant transformation has been reported 
in up to 13% in some series.10,11

Teratomas are true neoplasms derived from totipotential 
cells and include all three germ layers. They may undergo 

Figure 21-2. A Anterior view of pelvic anatomy. B Posterior view 
or pelvic anatomy with sacral elements removed.

Figure 21-1. Relationship of pelvic structures to presacral space.
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 malignant transformation to squamous cell  carcinoma  arising 
from the ectodermal tissue, or rhabdomyo sarcoma arising from  
the mesenchymal cells. Anaplastic tumors are also seen in which 
the tissue of origin may not be distinguishable. Histologically, 
these tumors are referred to as either “mature” or “immature” 
reflecting the degree of cellular differentiation. Teratomas are 
more common in females and in the pediatric age group, and 
are often associated with other anomalies of the vertebra, uri-
nary tract, or anorectum.12 In adults, malignant degeneration 
can occur in 40–50%.13 Incomplete or intralesional resection 

increases the likelihood of malignant degeneration.14 These 
lesions can also become infected and be misdiagnosed as a 
perirectal abscess or fistula. Diagnosis is often delayed and 
these tumors may reach considerable size.

Sacrococcygeal chordoma is the most common malig-
nancy in the presacral space. These tumors are believed to 
originate from the primitive notochord which embryologi-
cally extends from the base of the occiput to the caudal limit 
in the embryo. They can occur anywhere along the spinal col-
umn, but have a predilection for the pheno-occipital region 
at the base of the skull and for the sacrococcygeal region in 
the pelvis. Over half occur in the sacrum (Figure 21-4). They 
predominate in men and are rarely encountered in patients 
younger than 30 years of age.15 These tumors may be soft, 

Table 21-1. Classification of presacral tumors

Congenital
 Benign
  Developmental cysts (teratoma, epidermoid, dermoid, mucus-secreting)
  Duplication of rectum
  Anterior sacral meningocele
  Adrenal rest tumor
 Malignant
  Chordoma
  Teratocarcinoma
Neurogenic
 Benign
  Neurofibroma
  Neurilemmoma (schwannoma)
  Ganglioneuroma
 Malignant
  Neuroblastoma
  Ganglioneuroblastoma
  Ependymoma
  M alignant peripheral nerve sheath tumors (malignant schwannoma, 

neurofibrosarcoma, neurogenic sarcoma)
Osseous
 Benign
  Giant-cell tumor
  Osteoblastoma
  Aneurysmal bone cyst
 Malignant
  Osteogenic sarcoma
  Ewing’s sarcoma
  Myeloma
  Chondrosarcoma
Miscellaneous
 Benign
  Lipoma
  Fibroma
  Leiomyoma
  Hemangioma
  Endothelioma
  Desmoid (locally aggressive)
 Malignant
  Liposarcoma
  Fibrosarcoma/malignant fibrous histiocytoma
  Leiomyosarcoma
  Hemangiopericytoma
  Metastatic carcinoma
 Other
  Ectopic kidney
  Hematoma
  Abscess

Modified from Uhlig BE et al. Presacral tumors and cysts in adults. Dis 
Colon Rectum. 1975;18:581–96.7

Figure 21-3. Tailgut cyst.

Figure 21-4. Distribution of chordomas (Mayo Clinic orthopedic 
database).
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gelatinous, or firm and may invade, distend, or destroy bone 
and soft tissue. The center of these tumors contains extracel-
lular mucin. Hemorrhage and necrosis within tumors may 
lead to secondary calcification and pseudocapsule forma-
tion. Common symptoms include pelvic, buttock, and lower 
back pain aggravated by sitting and alleviated by standing 
or walking. Diagnosis is often delayed and these tumors 
may reach a considerable size. Although chordomas are low 
to intermediate-grade malignant lesions, a radical surgical 
approach that achieves negative margins greatly improves 
survival.15

Anterior sacral meningoceles are a result of a defect in the 
thecal sac and may be seen in combination with presacral 
cysts or lipomas. Typical symptoms include constipation, 
low back pain, and headache exacerbated by straining or 
coughing. Anterior sacral meningocele may be associated 
with other congenital anomalies, such as spina bifida, teth-
ered spinal cord, uterine and vaginal duplication, or urinary 
tract or anal malformations. Surgical management consists 
of ligation of the dural defect.

Neurogenic tumors include neurilemmomas, ganglion-
euromas, ganglioneuroblastomas, neurofibromas, neuro-
blastomas, ependymomas, and malignant peripheral nerve 
sheath tumors (neurofibrosarcoma, malignant schwanno-
mas, and neurogenic sarcomas). In a Mayo Clinic series, 
schwannomas were the most common benign tumor and 
malignant peripheral nerve sheath tumors the most com-
mon malignant lesions.16 Benign schwannomas are usually 
solitary, well circumscribed, encapsulated tumors.17 Malig-
nant transformation of benign schwannoma is very rare and 
only nine cases have been reported.18 Although neurogenic 
tumors tend to slowly grow, they may eventually reach con-
siderable size. Preoperative differentiation between benign 
and malignant pathology can be difficult without a tissue 
biopsy, but is of paramount importance to guide the opera-
tive approach.

Osseous tumors include chondrosarcoma, osteosarcoma, 
myeloma, and Ewing’s sarcoma. These tumors arise from 
bone, cartilage, fibrous tissue, and marrow. Due to relatively 
rapid growth, these lesions often reach considerable size and 
pulmonary metastases are common. All osseous tumors of 
the presacral space are associated with sacral destruction. 
Although benign, giant cell tumors are locally destructive 
and can metastasize to the lungs (“benign metastasizing 
giant cell tumor”).

Miscellaneous lesions in this region include metastatic 
deposits, inflammatory lesions related to Crohn’s disease 
or diverticulitis, hematomas, and anomalous pelvic ectopic 
kidneys. Carcinoid tumors of the presacral space are unusual 
but have been reported.19 Most represent direct extension or 
metastatic spread from rectal carcinoids. There is no gender 
predilection. Half of them are associated with development 
cyst, being malignant about 30% of the cases. Sigmoidos-
copy and biopsy is required to differentiate a primary pre-
sacral carcinoid with a rectal lesion that has metastasized.

Overall, most presacral tumors occur in females and are 
cystic. Most solid tumors are chordomas and more com-
monly seen in males. Benign lesions are frequently asymp-
tomatic and are incidentally discovered during routine 
gynecologic examination which may explain the greater 
incidence in females. By contrast, malignant tumors are 
more often symptomatic, but still commonly found late due 
to their vague symptomatology. Some presacral tumors pres-
ent as part of a congenital syndrome, such as Currarino syn-
drome, which is a combination of presacral mass, anorectal 
malformations, and sacral anomalies.20 In Currarino syn-
drome, the most frequent component of the presacral mass is 
meningocele, but teratomas have been identified in 20–40% 
of reported cases.21

Diagnosis and Management

History and Physical Examination

Due to their indolent course, presacral tumors are com-
monly found incidentally at the time of periodic pelvic or 
rectal examination. Symptomatic patients typically com-
plain of vague, longstanding pain in the perineum or low 
back. Pain may be aggravated by sitting and improved by 
standing or walking. In a Mayo Clinic series, pain was 
more common when the tumor was malignant as com-
pared to benign (88 vs. 39% repeatedly).4 Occasionally, 
patients complain of longstanding perineal discharge and 
their symptoms may be confused with anal fistula or pilo-
nidal disease.22 Several clues may alert the clinician to the 
presence of a retrorectal cystic lesion, including repeated 
operations for anal fistula, the inability of the examiner to 
uncover the primary source of infection at the level of the 
dentate line, a postanal dimple, or fullness and fixation of 
the precoccygeal area. All patients in the Mayo series with 
osseous tumors complained of low back pain, perineal pain, 
or both.4 Some patients may give a history of referral to a 
psychiatrist because of clinicians’ inability to ascertain the 
origin of their chronic, ill-defined pain. Patients with larger 
tumors may complain of constipation and/or rectal and uri-
nary incontinence, and sexual dysfunction due to the sacral 
nerve root involvement.

Patients should be carefully examined, focusing on the 
perineum, rectal examination and assessing for a postanal 
dimple. In a series from our institution, 97% of presacral 
tumors could be palpated on rectal exam.4 Digital rectal 
exam (DRE) typically reveals the presence of an extrarec-
tal mass displacing the rectum anteriorly with a smooth and 
intact overlying mucosa. Rectal examination is also critical 
in assessing the level of the uppermost portion of the lesion, 
degree and extent of fixation, and relationship to other pelvic 
organs, such as the prostate. Rigid or flexible sigmoidoscopy 
can be used to assess the overlying mucosa and rule out trans-
mural penetration of the tumor. A careful neurologic exam 
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focusing on the sacral nerves and musculoskeletal reflexes 
is mandatory, and may also aid in the diagnosis of extensive 
local tumor invasion.

Diagnostic Tests

The presence of a presacral tumor can be confirmed with 
imaging modalities such as computerized tomography (CT), 
MRI, and endorectal ultrasound (ERUS). Simple anterior–
posterior and lateral radiographs (AP/LAT) of the sacrum 
can identify osseous expansion, destruction, and/or calcifica-
tion of soft tissue masses, but are typically not helpful in ren-
dering a specific diagnosis. A chordoma is the most common 
tumor causing these findings, but sarcomas or benign, locally 
aggressive tumors, such as giant cell tumor, neurilemmoma 
(schwannoma) and aneurysmal bone cysts, may also cause 
extensive bony destruction. The characteristic “scimitar 
sign” on plain radiographs denotes the presence of an ante-
rior sacral meningocele, a diagnosis that can be confirmed 
with conventional myelography or MRI with gadolinium.

In recent years, state-of-the-art imaging, such as CT, MRI, 
and positron emission tomography (PET) scan, has dramati-
cally changed the way in which these tumors are evaluated. 
Computerized tomography and MRI complement each other 
and are the most important radiographic studies in evaluating 
a patient with a presacral lesion. Computerized tomography 
can determine whether a lesion is solid or cystic and whether 
adjacent structures, such as the bladder, ureters, and rectum, 
are involved (Figure 21-5A–C). CT is also the best study 
to evaluate cortical bone destruction. MRI is highly recom-
mended because of its multiplanar capacity and improved 
soft tissue resolution that is essential for planning specific 
lines of resection (Figure 21-6A and B). Sagittal views assist 
in decision making in regards to need for and level of sacrec-
tomy (Figure 21-6C). MRI is also more sensitive than is 
CT in spinal imaging, showing associated cord anomalies, 
such as a meningocele, nerve root, and foraminal encroach-
ment by tumor, or thecal sac compression.23 Angiography 
and venogram can be added to the MRI (MR angiogram, 
venography) to delineate vascular involvement and anatomy 
grossly distorted by tumor mass effect. This information is 
helpful to the vascular, plastic, and orthopedic surgeons for 
operative planning. Gadolinium-enhanced MRI imaging 
before, during, and/or after neoadjuvant therapy may also 
show the effectiveness of this treatment in terms of volume 
of tumor that appears vascularized and viable.

In patients with presacral cystic lesions thought to be 
the source of a chronically draining sinus, fistulogram may 
occasionally help clarify the diagnosis. ERUS has been used 
by some to characterize retrorectal tumors and its relation-
ship to the muscularis propria of the rectum.24

Preoperative Biopsy

Historically, the role of preoperative biopsy of presacral 
tumors has been a controversial topic. Methodology, and 

even its very necessity, varies among authors. In the past, 
some authors have considered any presacral tumor deemed 
resectable as a contraindication to preoperative biopsy,4,25–27 
with only a minority of authors stating that all solid tumors 
should be preoperatively sampled by biopsy.28 This recom-
mendation in part, may have to do with the fact that the lit-
erature on this topic is sparse and outdated, especially when 
one considers the availability of modern imaging, better 
knowledge of tumor biology, and new opportunities for neo-
adjuvant therapy. Indeed, some patients substantially benefit 
from preoperative chemotherapy and radiation, especially in 
osseous tumors, such as Ewing’s sarcoma, osteogenic sar-
coma, and neurofibrosarcoma. Likewise, very large tumors, 
such as pelvic desmoids, can be more easily removed 
after reducing their size with radiation. Preoperative tissue 
diagnosis is essential to the management of solid and het-
erogeneously cystic presacral tumors.11,16 For example, the 
surgical approach and necessary margins is dramatically 
different when faced with a neurofibroma as compared to 
a neurofibrosarcoma. When performed correctly, preopera-
tive biopsy can only improve the overall management, rather 
than harm it.

What is clear about preoperative biopsies of presacral 
tumors is that they should never be transrectally or trans-
vaginally performed. In the presence of a cystic lesion, such 
an approach is likely to result in infection rendering its future 
complete excision more difficult and increasing the likeli-
hood of postoperative complications and recurrence. More 
importantly, inadvertent transrectal needling of a meningo-
cele may lead to disastrous sequelae, such as meningitis and 
even subsequent death. Moreover, as the biopsy tract needs 
to be removed en bloc with the specimen, transrectal biopsy 
would mandate proctectomy in a patient whose rectum may 
otherwise have been spared.

There is rarely an indication to biopsy a purely cystic pre-
sacral lesion. From a technical standpoint, a presacral tumor 
biopsy should be done by a radiologist with experience in 
the evaluation and management of pelvic tumors. In plan-
ning the approach for a biopsy, the surgeon should always 
consider the resection margins so that the needle tract can 
be removed en bloc with the specimen. The transperineal 
or parasacral approach is usually ideal and falls within the 
field of the pending surgical resection (Figure 21-7A and B). 
Transperitoneal, transretroperitoneal, transvaginal, and tran-
srectal biopsy should be avoided. Biopsy tracts should never 
traverse neurovascular planes. Normal coagulation studies 
are required prior to biopsy, as hematoma formation and/or 
bleeding potentially contaminate(s) involved areas. PET-CT 
scan can be useful to guide biopsy needles into small focal 
areas of high tumor density.

Role of Preoperative Neoadjuvant Therapy

Modern protocols and the wide availability of neoadju-
vant tumor irradiation and systemic chemotherapy have 
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revolutionized the management of patients with complex 
malignancies. It is in large part due to these new treatment 
modalities prior to surgery that a preoperative diagnosis is of 
paramount importance. Although some tumors, such as 
chondrosarcoma and chordoma, are poorly responsive to 
both chemotherapy and irradiation, there are a number of 
tumors seen in the presacral space whose rate of local recur-
rence can be markedly decreased with the addition of irra-
diation. Preoperative, as opposed to postoperative, irradiation 
can be extremely helpful in the face of large pelvic tumors. 

One of the significant advantages of preoperative irradiation 
is that it allows treatment to a smaller radiation field. Postop-
erative irradiation for a pelvic tumor would require irradia-
tion of the entire surgical bed, previous tumor site, all 
contaminated surgical planes and the sites of all skin inci-
sions. This increased radiation exposure is associated with 
increased morbidity. Furthermore, should “spillage” occur 
during resection of a radiosensitive tumor, this contamina-
tion may be with previously irradiated necrotic, nonviable 
cells. A third, and perhaps most important, advantage of  

Figure 21-5. Massive cystic teratoma with sacral appendage. A CT image of teratoma, intrapelvic portion, B extrapelvic portion,  
C including fully developed phalanx.
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preoperative irradiation in sensitive tumors, is the fact that 
decreased tumor size is often observed. A decrease in tumor 
size in a pelvic tumor may allow the surgeon to spare vital 
structures, which would have had to be sacrificed in order 
for wide margins to be achieved without prior radiation. 
Additionally, a smaller tumor often means a surgery of a 
lesser magnitude and therefore less risk for intraoperative 
complications.

Large tumors in the presacral space, especially sarcomas, 
are notorious for systemic metastasis. Neoadjuvant chemo-
therapy is the cornerstone of treatment for diagnoses such as 
Ewing’s sarcoma and osteogenic sarcoma. A wide resection 
of a pelvic tumor of this type, which would cause a delay in 
systemic chemotherapy treatment, is not in the patient’s best 
interest. Micrometastatic disease must be treated in patients 
with diagnoses such as these preoperatively, unless the 

Figure 21-6. MRI of pelvic neurofibroma displacing the rectum anterior and lateral. A T1 weighted coronal image, B T2 weighted coronal 
image, C sagittal view with tumor exiting the 3rd sacral foramen.
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tumor has caused an immediate complication that requires 
emergent surgery. Furthermore, one could argue, that lym-
phoma or Ewing’s sarcoma, can be completely treated with 
chemoradiation, and that surgery may not be necessary at all.

Most non-chordoma malignant presacral tumors are sar-
comas. The use of adjuvant therapy for presacral sarcomas 
in our recent review followed protocols typically for other 
types of soft-tissue sarcomas (unpublished data).29 Use of 
adjuvant radiation and chemotherapy in patients with pel-
vic sarcomas remains controversial due to small samples 
sizes, mixed pathology, and lack of randomized data. Radia-
tion therapy has been shown to significantly decrease local 
relapse following surgery for both extremity and retroperi-
toneal sarcomas, and by extrapolation, would be expected 
to decrease local relapse in patients with pelvic sarcomas if 
adequate dose can be safely delivered.30,31 Similar findings 
using chemotherapy alone, or in combination with radiation, 
have been seen for extremity and retroperitoneal sarcomas, 
resulting in decreased local and distant relapse with trends 
toward improved survival.16,29,32,33 Due to the small sample 
sizes in most series, meaningful conclusions as to the utility 

of adjuvant therapy in this surgical setting cannot be drawn. 
However, given that improved survival in patients with soft-
tissue sarcomas, especially those with high-grade lesions, 
has been limited by high rates of local and distant relapse, an 
aggressive multimodality approach seems warranted.16,29

Regarding malignant neurogenic tumors, the use of adju-
vant therapy has been recently reported by our institution.16 
Preoperative chemotherapy was given to 21% of patients, 
33% of whom also had it in the postoperative period. The vast 
majority of patients had doxorubicin-, ifosfamide-, or doxo-
rubicin/ifosfamide-based regimen. Radiation therapy, pre-, 
intra-, or postoperatively, was given to 72% of patients. The 
median preoperative radiation dose was 5,040 cGy (range 
4,500–5,560 cGy) and the median postoperative dose was 
3,000 cGy (range 1,402–6,400 cGy). For those patients who 
received intraoperative radiation with electrons, the median 
dose was 1,250 cGy (range 1,000–1,750 cGy).

Surgical Treatment

Rationale for Aggressive Approach

The rationale for an aggressive surgical approach for pre-
sacral tumors is based on several arguments. The lesion may 
already be malignant or transform into a malignant state if left 
in place. In patients with teratomas, especially those patients 
in the pediatric age group, the risk of malignant transforma-
tion is considerable and continues to dramatically increase if 
removal is delayed or incomplete.13 Untreated anterior sacral 
meningoceles may become infected and lead to meningitis, 
which is associated with high mortality.34 Cystic lesions may 
become infected making their excision difficult and increas-
ing the possibility of postoperative infection and future 
recurrence. A presacral mass in a young woman may cause 
dystocia at the time of delivery. Lastly, benign and malignant 
tumors left untreated may grow to considerable size making 
surgical resection much more complicated.

In the past, many surgeons have adopted a rather defeatist 
attitude toward sacrococcygeal chordomas and other tumors 
in this area based on a number of erroneous misconceptions. 
Presacral tumors may produce vague symptoms, which 
leads to a delay in diagnosis for months or even years. Thus, 
patients may seek medical treatment late in the course of 
their disease and the presence of a large mass in this often 
unfamiliar and complex anatomic area makes some surgeons 
reluctant to consider aggressive surgical approach for fear of 
serious operative and postoperative complications.

Finally, and most importantly, tumors in this area have 
been inadequately treated in the past because of tumor vio-
lation, their large size and location, and fear of neurologic 
complication and/or musculoskeletal instability. Preopera-
tive tumor violation can take place when such tumors are 
biopsied, or intraoperatively when margins of resection are 
inadequate or tumor cells are spilled in an effort to be too 
conservative. When a surgeon is attempting to avoid injury 

Figure 21-7. A Preoperative biopsy technique using CT guidance, 
B Parasacral approach to presacral neurogenic tumor.
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to the rectal wall or important neurological structures, they 
may inappropriately restrict excision and compromise onco-
logic outcome. For malignant lesions wide, en bloc removal 
of adjacent organs, soft tissue, and bone (if locally adherent) 
is the goal of resection.

Role of Multidisciplinary Team

It is of great importance that an experienced team consist-
ing of a colorectal surgeon, orthopedic oncologic surgeon, 
spine surgeon, urologist, plastic surgeon, vascular surgeon, 
musculoskeletal radiologist, medical oncologist, radiation 
oncologist, and specialized anesthesiologist evaluate and 
surgically treat tumors that are large and extend to or destroy 
the hemipelvis or the upper half of the sacrum. The impor-
tance of a multispecialty approach for presacral tumors was 
first described in 1953 by a Mayo Clinic team of surgeons. 
They found an improvement in outcome in this difficult to 
manage group of patients with the combined effort of multi-
ple specialists.35 This quote from their publication describes 
their convictions:

The surgical management of presacral and sacral tumors has 
been in general unsatisfactory. We feel that progress in treating 
these lesions may have been impeded rather than enhanced by 
the individual surgical specialists who came into contact with 
these lesions. Consequently, we have united our efforts in solv-
ing the problem and thereby utilizing the special assets of the 
three surgical specialties – neurologic, orthopedic and general 
Surgery – in meeting this problem.

Surgical Approach

Careful surgical planning is important in deciding how to 
approach these tumors whether it be an anterior approach 
(abdominal), posterior approach (perineal), or a combined 
abdominoperineal approach. Computerized tomography and 
MRI help define the margins of resection and the relation-
ship of the tumor to the sacral level (Figure 21-8). Small and 
low-lying lesions can be removed transperineally through a 
parasacral incision, whereas tumors extending above the S-3 
level, especially if large, often require a combined anterior 
and posterior approach.

For large malignant lesions requiring extended resection, 
a plastic surgeon plays a significant role, as adequate soft tis-
sue coverage can often be difficult. Most often, the authors 
use the transabdominal rectus abdominus myocutaneous 
(TRAM) flap, which fills dead space and can cover large 
cutaneous defects left by the resection. Healthy, well-vas-
cularized tissue flaps, placed in the surgical bed, markedly 
decrease the incidence of wound-related complications.

Preoperative Considerations

Optimizing patients for surgery is of extreme importance 
in a majority of these cases. Adequate nutritional repletion 
with total parenteral nutrition or with a feeding tube may 
be necessary in patients who present severely debilitated.  

In technically complex cases, when we expect a long opera-
tive time and significant debilitation postoperatively, we con-
sider placement of a temporary intravena caval filter, since 
the risk of deep venous thrombosis and pulmonary embolus 
is high and postoperative anticoagulation may be contrain-
dicated. Preoperative selective coil embolization done by 
an interventional radiologist may be useful in patients with 
large, vascular tumors to decrease intraoperative bleeding.36 
A multidisciplinary team should preoperatively review films 
and plan surgical strategy avoids confusion during the day of 
surgery. An operating theater capable of managing massive 
transfusion requirements is mandatory, as is an anesthesiolo-
gist comfortable with the physiologic management needed 
during the procedure.

Posterior Approach

For low-lying tumors, the patient is placed in the prone 
jackknife position with the buttocks spread with tape 
( Figure 21-9A). An incision is made over the lower portion 
of the sacrum and coccyx down to the anus taking care to 
avoid damage to the external sphincter. Resection of the 
tumor may be facilitated by transection of the anococcygeal 
ligament and coccyx (Figure 21-9B). The lesion can then be 
dissected from the surrounding tissues, including the rectal 
wall, in a plane between the retrorectal fat and the tumor 
mass itself. In the case of very small lesions, the surgeon 
may double-glove the left hand and with the index finger in 
the anal canal and lower rectum, push the lesion outward, 
away from the depths of the wound (Figure 21-9C) facilitat-
ing dissection of the lesion off the wall of the rectum with-
out injury. If necessary, the lower sacrum or coccyx or both 
can be excised en bloc with the lesion to facilitate excision.

An intersphincteric approach has been described for very 
low-lying tumors.37 It is performed in a lithotomy position. 

Figure 21-8. Relationship of tumor to sacral level and proposed 
approach.
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Through a V-shaped, or radial incision posterior to the anus, 
the intersphincteric plane is opened and bluntly dissected. 
The anal canal and internal sphincter are separated from the 
external sphincter up to the level of the puborectalis sling. 
The dissection is continued upward in the retrorectal fatty 
space. The division of Waldeyer’s fascia may be necessary to 
expose the upper surface of the levator ani muscles.

Combined Abdominal and Sacral–Perineal Approach

If the upper pole of the tumor extends clearly above the S-3 
level, an anterior and posterior approach is usually indi-
cated. Patients may be placed in the supine or lateral posi-
tion, depending on the surgeon’s preference and previous 
experience. A variety of techniques and positioning to the 
abdominal perineal approach have been described.38 If an 
anterior–posterior approach is necessary, the patient can be 

placed in a “sloppy-lateral” position to facilitate a simultane-
ous two-team approach (Figure 21-10A–C). We always rec-
ommend cystoscopy and bilateral ureteral stent placement 
before laparotomy. Through a midline incision the abdomen 
should be carefully examined to rule out metastasis or other 
important pathology. After the lateral attachments to the sig-
moid have been mobilized and the presacral space is entered 
just below the promontory, the posterior rectum can be dis-
sected from the upper sacrum down to the upper extension of 
the tumor. The ureters and hypogastric nerves are identified 
and protected. The rectum can then be mobilized laterally, 
and if necessary, anteriorly.

If a malignant tumor can be safely separated from the pos-
terior wall of the rectum without compromising a wide mar-
gin, the lesion can be dissected in a plane between its capsule 
and the mesorectal fat to preserve the rectum. If the tumor 
is extremely large, markedly compressing and displacing 
the rectum, making dissection between the rectal vault and 
the tumor hazardous, one should remove the rectum en bloc 
with the tumor and the involved segments of the sacrum. It 
is mandatory in malignant cases that no structures attached 
to the specimen should be separated with dissection, and that 
they are removed en bloc with the primary tumor mass. In 
this situation, the upper rectum is transected with a stapler at 

Figure 21-9. A Positioning for posterior approach. B Coccygectomy. 
C Index finger in anal canal to “push” tumor outward facilitating dis-
section.

Figure 21-10. A Modified lateral position for anterior exposure via 
a midline (large arrow) or ileoinguinal (smaller arrow) incision.  
B Anterior exposure of vessels and tumor. C Posterior approach to 
sacrum.
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the level of the promontory. Under these circumstances, it is 
imperative that the anterior wall of the rectum be completely 
freed from the seminal vesicles and prostate in men and the 
upper two-thirds of the vagina in women. The pelvic floor can 
then be reconstructed over the anal remnant and the sigmoid 
colostomy established in the left lower abdominal wall.

In the presence of very large tumors, blood loss during 
the procedure can be substantial. This potentially adverse 
sequelae may be minimized by ligating the middle and lat-
eral sacral vessels and both internal iliac arteries and veins 
(Figure 21-11). When ligating the internal iliac artery, in 
order to reduce the risk of perineal necrosis it is best to pre-
serve the anterior division from which the inferior gluteal 
artery arises. This maneuver is often performed in conjunc-
tion with permissive hypotension. A vascular surgeon can 
be helpful during this portion of the procedure especially in 
patients that have had prior irradiation or have distorted vas-
cular anatomy. In a situation in which a large tissue defect 
is expected, one may elect to mobilize one rectus muscle on 
its vascular pedicle and place it in the presacral area for later 
use in the closure of the perineal wound when the patient 
is prone. In the anterior–posterior approach, when a flap  
is used, a thick piece of silastic mesh is placed posterior to 
the vital structures and anterior to the bony structures to pro-
tect vital structures from injury during bony resection while 
in the prone or lateral position. After the abdominal incision 
is closed and the colostomy is matured, the anesthetized 
patient can then be moved from the supine to the prone posi-
tion. The perineal approach is similar to that used for benign 
low-lying cystic or solid tumors, except that wider and more 
proximal dissection is necessary. After an incision has been 

made over the sacrum and coccyx down to the anus, the  
anococcygeal ligament is transected and the levator muscles 
are laterally retracted. If the rectum is to be preserved, the 
tumor can be separated from the rectum by careful dissec-
tion of the plane between the rectum and the tumor. The 
orthopedic surgeon can then proceed with the separation of 
gluteus maximus muscles on both sides, detachment of the 
sacrospinous and sacrotuberous ligaments, and division of 
the piriformis muscles bilaterally to protect the sciatic nerves 
(Figure 21-12A). A posterior laminectomy may be required 
to expose and ligate nerve roots (Figure 21-12B) to be sacri-
ficed and/or the thecal sac (Figure 21-12C). In this manner, 
the lesion can be removed en bloc with the lower sacrum 
and coccyx and involved sacral roots. If the surgeon previ-
ously elected to excise the rectum en bloc, it is preferable to 
remove the anus and anal canal with the rectal specimen. The 
wound is then closed in layers over suction silastic drain, or 
a rectus abdominus myocutaneous flap is inserted and sewn 

Figure 21-11. Ligation of middle sacral and internal iliac vessel.
Figure 21-12. A Posterior approach and exposure of sciatic nerves, 
B sacral nerve roots, C and ligation of the thecal sac.
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into place by the plastic surgeon. More complex soft tissue 
procedures may be required if the tumor involves the poste-
rior soft tissue elements.

Recently, there have been reports using minimally invasive 
laparoscopic techniques as an approach for presacral tumor 
resection, both for anterior-only and for anterior– posterior 
approaches.39–42 If the anterior portion of a combined ante-
rior–posterior approach can be done laparoscopically (rectum 
divided, colostomy made, tumor partially mobilized, vascu-
lature ligated), it should decrease the morbidity of the overall 
operation significantly. Leygyel et al.42 described a laparo-
scopic approach to treat advanced rectal cancer with similar 
surgical steps to the malignant presacral tumor laparoscopic 
resection. The operation was performed in two phases: a lap-
aroscopic abdominal phase with the patient in the modified 
Lloyd-Davies position, followed by a transsacral phase with 
the patient in the prone jackknife position. The key features 
of the abdominal (laparoscopic) component were lateral-to-
medial mobilization of the rectum, ligation of the inferior 
mesenteric vessels, careful identification and preservation of 
the pelvic nerves and sacral nerve roots, and division of the 
colon with construction of the colostomy and completion of 
the proctectomy.

Follow-Up Considerations

The authors recommend an annual visit, including a digi-
tal rectal examination, to assess for recurrence of a benign 
lesion. If digital rectal examination reveals a mass, a CT scan 
is done. We recommend a baseline CT at 1 year following 
surgery and then repeated at every 5 years, even if examina-
tion is normal.11

In the case of malignant tumors, the patients are closely 
followed with particular attention to local recurrence and 
pulmonary metastasis. An annual pelvic MRI and chest CT-
scan is performed for the first 5 years. If the patient rectum 
was left in place, annual DRE with possible anoscopy is per-
formed by the colorectal surgeon. Patients are offered repeat 
resection for locally advanced tumors and for pulmonary 
metastasis if all disease can be removed operatively.

Results of Treatment

Malignant Lesions

Results of surgical treatment of presacral lesions depend on 
both the natural behavior of the tumor and the adequacy of 
resection. If wide margins were not achieved during resec-
tion of a malignant lesion or if the tumor is violated, one 
can expect a high local recurrence rate and a poor overall 
outcome. In general, most malignant tumors reported in 
the literature have had a rather poor prognosis, but many 
such tumors had been incompletely resected or excised 

piecemeal, breaking oncologic principles.4,16 Kaiser et al.43 
found that local recurrence rate increased from 28 to 64% if  
chordomas are perioperatively violated in patients.

Fuchs et al.15 reported one of the largest series of sacral 
chordoma. Fifty-two patients underwent surgical treatment 
for sacrococcygeal chordoma in a 21-year period. Posterior 
approach was performed in 22 patients while a combined 
anteroposterior approach was used in 30. A wide surgical 
margin was achieved in 21 patients, it was defined as a cuff 
or normal tissue at least 1–2 cm except anteriorly. At an aver-
age of 7.8 years of follow-up, 23 patients were alive with no 
evidence of disease. Twenty-three patients (44%) had local 
recurrence. The rate of recurrence-free survival was 59% at 
5 years and 46% at 10 years. The overall survival rates were 
74, 52, and 47% at 5, 10, and 15 years, respectively. The 
most important predictor of survival was a wide margin. All 
patients with a wide margin survived, and this survival rate 
was significantly different from that for patients who had 
either marginal or intralesional excision (p = 0.0001). Of the 
21 patients with a wide margin, 17 (81%) had undergone a 
combined anteroposterior approach and only four had been 
treated with a posterior approach. Overall, lung metastasis 
developed in 16 (31%) of the 52 patients, and all but three 
of those patients also had a local recurrence.

On the contrary, surgical management of non-chordoma 
malignant retrorectal tumors has only been reported in 
small series or single case reports, and therefore limited 
data exist on the long-term oncologic outcomes.4,44 In a 
recent analysis of presacral sarcomas at the authors’ insti-
tution (unpublished data), 37 patients underwent resec-
tion, with an R0 margin in 84% and R1 in 16%. Overall, 
76% of the patients required en bloc resection of adja-
cent pelvic organs and bony structures. The most frequent 
sarcomas found were malignant peripheral nerve sheath 
tumors and chondrosarcomas. Postoperative chemo-
therapy was given to 70% of the patients, and IORT was 
administered to 22% of the patients. Thirty-day mortality 
occurred in one patient and overall survival at 2, 5, and 
10 years was 75, 55, and 47%, respectively. Disease-free 
survival at 5 years was 51%.

Cody et al.44 reported their experience with malignant 
presacral tumors, nine (38%) of which had chordomas. 
Excision of these tumors was described as “en bloc” or “in 
fragments.” Forty-eight percent developed local recurrence; 
60% of patients underwent open biopsy. For all treated 
patients, survival at 5, 10, 15, and 20 years was 69, 50, 37, 
and 20%, respectively.

Lev-Chelouche et al.25 reported on 21 patients with malig-
nant presacral tumors, nine of which were chordomas. No 
patients underwent preoperative biopsy; nearly all patients 
had a palpable lesion on rectal exam. Fifteen of 21 malignant 
lesions were completely excised. Most recurrences were 
seen in patients with incomplete resection and 50% of these 
patients died of disease.
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Wang et al.5 reported their series of 22 patients with 
malignant presacral tumors, five of which were chordomas, 
and seven of which were leiomyosarcomas, tumor size 
ranged from 1.5 to 40 cm. The average size of malignant 
tumors was 17 cm, 96% were palpable by rectal exam. Com-
puterized tomography was felt to be the best test to identify 
the lesions and define extent and degree of tumor invasion, 
but the diagnosis remained nonspecific. No patients under-
went preoperative biopsy. Five patients had complete resec-
tion and 17 had incomplete resection. The overall 5-year 
survival rate for malignant tumors was 41%. No patients 
underwent preoperative adjuvant therapy. Postoperative che-
motherapy and radiotherapy was used in selected patients 
with malignant tumors.

Bohm et al.27 reported their series of 24 patients with con-
genital presacral tumors. They had four patients with chor-
domas and 20 with developmental cysts. All patients with 
chordoma underwent excision. Three of four chordoma 
patients had recurrence at 25, 32, and 55 months. Patients 
with recurrence presented with pain and neurologic distur-
bance. Complete local re-excision was done in the three 
patients with recurrence. Only 3/20 patients with develop-
mental cysts developed recurrence, all of which underwent 
successful re-excision.

Few data exist regarding the outcomes in patients under-
going surgery for presacral tumors of neurogenic origin. The 
largest surgical series reported to date of pelvic neurogenic 
tumors included several in the presacral space.16 In that 
series, 89 patients were identified, of whom 44 were male. 
Median age was 38 years. Malignant lesions were found in 
43 patients (48%). Schwannomas were the most common 
benign tumor (61%) and malignant peripheral nerve sheath 
tumors the most common malignant lesion (81%). Malignant 
tumors had histopathologic evidence of infiltration of sur-
rounding structures in 49% of cases. Intralesional resection 
was the most common surgical technique for both benign 
and malignant tumors. Five-year local recurrence rates for 
benign and malignant lesions were 35.9 and 35.0%, respec-
tively. Survival in those with malignant lesions at 1, 5, and 
10 years was 79.5, 47.9, and 29.6%, respectively. For all 
patients, the overall probability of being disease free at 1, 5, 
and 10 years was 72.6, 40.0, and 30.0%, respectively. Five-
year disease-free survival for malignant tumors was 25.9%.

Congenital Cystic Lesions

In general, cystic lesions can be treated adequately by com-
plete excision via a posterior approach. Large cystic lesions 
such as teratomas extending high into the pelvis can be 
excised via a combined abdominal–perineal approach. There 
continues to be some debate as to whether or not a coccy-
gectomy needs to be done for all resections of congenital 
cystic lesions.22 Several authors advocate coccygectomy 
stating that this approach improves surgical exposure and 

decreases the risk of recurrence as the coccyx may harbor a 
nidus of totipotential cellular remnants that may later evolve 
into a recurrent cyst.6,12,45 The concern of increased recur-
rence though is not supported by any published data. In fact, 
some authors state that if the cyst is not adherent to the coc-
cyx, and can be removed entirely without coccygectomy, the 
coccyx should be left in place.27 Likely the cyst itself, and 
not the coccyx per se, harbors the aberrant remnants of the 
postanal gut leading to the formation of the cyst, and if the 
cyst is not adherent to the coccyx, there would be no advan-
tage to a coccygectomy. It is clear from our recent series that 
our approach followed this perspective, and most surgeons 
elected to preserve the coccyx unless en bloc resection was 
required for malignancy or if the cyst was densely adhered 
to the coccyx.11

In a Mayo Clinic series, 49 congenital cystic lesions were 
described, including 15 epidermoid cysts, 16 mucus-secreting 
cysts, 15 teratomas, and 2 meningoceles.4 Three teratocarci-
nomas were seen. Most lesions were in females with only 
three in males. Average size of cysts was 4–7 cm. Almost 
all cystic lesions were treated with a posterior approach. Of 
66 patients with benign tumors, ten had recurrence (four had 
giant cell tumors, six had congenital benign cysts), most of 
which were treated successfully with re-excision.

Presacral tailgut cyst surgical outcomes at Mayo Clinic 
have been recently reported.11 Thirty-one patients were 
identified and complete cyst excision was achieved in all 
patients, using a posterior (20/31), anterior (9/31), or com-
bined (2/31) approach. Coccygectomy or distal sacrectomy 
was performed in 26% of the patients. Malignant transfor-
mation was present in four patients (13%), adenocarcinoma 
in three and carcinoid in one. A fistula to the rectum was 
found in four patients (13%). One benign recurrence was 
detected during follow-up and there has no mortality. Long-
term complications were noted in five patients and included: 
delayed wound healing (n = 2), pelvic floor dysfunction 
(n = 2) and sexual dysfunction (n = 1) in a male reoperated 
for recurrence.

Lev-Chelouche et al.25 reported 21 benign presacral 
lesions. Complete excision of benign lesions was possible 
in all cases with no recurrences during the 10 year follow-
up. Singer et al.22 reported on seven patients with presacral 
cysts (six females, one male). All patients had previously 
been misdiagnosed and treated for pilonidal cysts, perirec-
tal abscesses, fistula in ano, psychogenic disorder, proctal-
gia fugax and posttraumatic or postpartum pain before the 
correct diagnosis was made. Patients underwent an average 
of 4.1 prior operative procedures. All patients were success-
fully treated with resection through a parasacrococcygeal 
approach after the correct diagnosis was made with CT fis-
tulogram.

Based on the experience at our institution, we have estab-
lished a decision-making algorithm to guide the management 
of presacral tumors (Figure 21-13).
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Conclusion

Presacral tumors are rare, the differential diagnosis exten-
sive, and their discovery is notoriously difficult and late. 
A high index of suspicion is needed to identify these 
patients. Once a benign or malignant presacral lesion is dis-
covered and histologically diagnosed, it should be treated, 
even if the patient is asymptomatic. CT and MRI imaging 

can help differentiate between benign and malignant, cystic 
and solid and accurately define the extent of adjacent organ 
and bony involvement to guide operative planning. Com-
pletely cystic lesions, in general, do not require preopera-
tive biopsy unless malignancy is suspected. All solid tumors 
and heterogeneous cysts should be considered for biopsy to 
rule out malignancy, guide neoadjuvant therapy, and plan 
the extent of resection.

Figure 21-13. Proposed treatment algorithm.
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An aggressive approach, by an experienced, multidisciplinary 
team, that can achieve a tumor-free, en bloc resection, avoid 
tumor violation, restore spinopelvic stability, and minimize 
intraoperative and postoperative complications, should 
decrease the risk of local recurrence and improve survival. 
Minimally invasive approaches may improve overall recov-
ery and the quality of life in selected patients in the future.
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Diverticular Disease
Alan G. Thorson and Jennifer S. Beaty

The term “diverticular disease” of the colon represents a 
continuum of anatomic and pathophysiologic changes 
within the colon related to the presence of diverticula. 
These changes most commonly occur in the sigmoid colon 
but may involve the entire colon. The continuum can range 
from the presence of a single diverticulum (a sac or pouch in 
the wall of an organ) to many diverticula (which may be too 
numerous to count). It can refer to an asymptomatic state 
(diverticulosis) or to any one of a number of combinations 
of inflammatory symptoms, changes, and complications 
(diverticulitis).

Symptoms may result from: simple physiologic changes 
in colonic motility related to altered neuromuscular activity 
in the sigmoid colon, varying degrees of localized inflamma-
tory response, or complex inflammatory interactions leading 
to diffuse peritonitis and septic shock. These more complex 
symptoms and resulting complications arise from breaches 
in the integrity of the wall of one or more diverticula.

This chapter will deal with inflammatory diverticular dis-
ease and its associated complications. Bleeding diverticular 
disease is discussed in Chap. 24.

Incidence

Diverticulosis was first described in the mid nineteenth cen-
tury as more of a curiosity than a significant disease entity. 
However, since the early twentieth century, an increasing 
prevalence of the disease has been recognized in industrial-
ized countries. The incidence increases with age and with 
the adoption of a diet high in red meat, refined sugars, and 
milled flour but low in whole grains, fruits, and vegetables. 
Although the exact incidence is not well established, numer-
ous autopsy, radiographic and endoscopic series have shown 
that the incidence has increased dramatically over the past 
75 years,1–4 from around 5% near the turn of the century to 
50% or more by 1975.2,3 It is now estimated that the risk of 
developing diverticular disease in the USA approximates 5% 
by age 40 and may rise to over 80% by age 80.5

This increase in observed incidence was originally 
attributed to new imaging techniques (the introduction of 
the barium enema in the early twentieth century) and bias 
inherent to estimates based on a population presenting with 
symptoms requiring an investigation.6 It is now clear that 
not only is the incidence of diverticulosis increasing but also 
the incidence of related complications is increasing as well. 
This is exemplified by increasing costs in the treatment of 
diverticular disease which accounts for nearly 450,000 hos-
pital admissions, two million office visits, 112,000 disability 
cases, and 3,000 fatalities each year in the USA.7 It is esti-
mated that costs will continue to increase as the population 
continues to age over the next several decades.

Proportionately, few people become symptomatic from 
the presence of diverticula. Roughly 10–20% of people with 
diverticula develop symptoms of diverticulitis. Only 10–20% 
of these will require hospitalization. Of those that require 
hospitalization, 20–50% will require operative intervention. 
The percentage of hospitalized patients requiring operation 
has been increasing as outpatient management becomes more 
common and those admitted as inpatients are more seriously 
ill.8 Overall, less than 1% of patients with diverticula will 
ultimately require surgical management.9

National Census data estimates that as of July 2006, there 
would be 89,327,640 adults aged 50 or greater.10 That would 
mean that approximately 15 million people would develop 
diverticulitis and of those, 2.5 million would be admitted. 
If the 1% average is correct and taking into account the per-
centage of patients with diverticulosis based on age, approxi-
mately 539,015 people will ultimately require an operation 
for diverticular disease.

There is some evidence that males are more frequently 
affected at a younger age compared to females; however, sig-
nificant bias may influence this impression. Young females 
may frequently be under diagnosed due to confusion with 
gynecologic diseases in women who are of child-bearing age. 
Older females may be over diagnosed due to confusion with 
irritable bowel syndrome (IBS). There also appears to be a 
dichotomy in age and sex with regard to complications of 
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diverticular disease, particularly perforation. The incidence 
of perforation is higher in males under age 50. In contrast, the 
incidence of perforation is higher in females over age 50.11

Pathophysiology

Diverticulosis is associated with high intraluminal pressures. 
Pressures in patients with diverticular disease have been 
found to be as high as 90 mmHg during peak contraction. 
This represents a value nearly nine times higher than seen 
in patients with normal colons.12 It has been theorized that 
abnormally high pressures lead to segmentation. Segmenta-
tion refers to a process whereby the colon effectively func-
tions as a series of separate compartments rather than as one 
continuous tube.

The high pressures that each compartment is capable of 
producing are directed toward the colonic wall rather than as 
propulsive waves. These pressures predispose to herniation 
of mucosa through the muscular defects that occur where 
blood vessels penetrate to reach the submucosa and mucosa 
(vasa recta brevia). Most of these penetrations occur between 
the mesenteric and anti-mesenteric tinea where, coinciden-
tally, most diverticula are found. As the mucosa herniates, 
it does so without dragging the muscular layer along, leav-
ing the diverticula denuded of muscle, which is consistent with 
the definition of an acquired process. Diverticula may be 
true, containing all layers of the bowel wall (congenital), or 
false, lacking the muscular layer (acquired or pulsion diver-
ticula). Thus, the most common diverticula are acquired or 
pulsion diverticula.

These high pressures are consistent with the sigmoid 
colon being the most common site of involvement. This can 
be explained by the Law of Laplace which states that the 
tension in the wall of a hollow cylinder is proportional to 
its radius multiplied by the pressure within the cylinder. As 
the narrowest segment of colon, the sigmoid has the highest 
pressures and, consequently, the highest risk of diverticulum 
formation. It is hypothesized that at least a part of the pro-
tective effect of dietary fiber is stool bulking, which main-
tains a larger lumen within the bowel. The stool bulking and 
larger lumen prevent segmenting contractions and, therefore, 
decrease high pressures.

Complementary to these theories of pathogenesis is the 
consistent muscle abnormality associated with sigmoid 
diverticular disease. Both the circular and longitudinal mus-
cle walls are typically thickened resulting in a reduction in 
the size of the lumen and a shortening of the sigmoid colon. 
The reduced lumen size may be further enhanced by second-
ary pericolic fibrosis.

The source of this muscular thickening is not clear. It 
has been observed that in the normal process of left colon 
peristalsis, smooth muscle in the rectosigmoid will relax 
in response to a stimulus, causing contractions in the colon 

above and in the rectum below. A combination of poor diet, 
aging, and constipation could lead to malfunction of this 
relaxation response leading to a functional obstruction and 
the hypertrophy seen in the muscle.13 Cellular hypertrophy, 
cellular hyperplasia, and elastosis have all been described. 
Elastosis appears to precede the development of diverticu-
losis. It is not found in any other inflammatory conditions 
of the colon.

Several alternative concepts have been advanced to 
explain the differences in presentation of diverticular disease. 
Although the most common finding in diverticular disease is 
the muscular changes already discussed, some patients fail 
to demonstrate this characteristic. These patients are more 
likely to have diffuse diverticula throughout the colon. There 
is a higher incidence of bleeding with diffuse involvement. 
There may be an underlying connective tissue abnormality, 
which could explain the development of diverticula in the 
absence of high intraluminal pressures. The high incidence 
of bleeding in these patients could be related to an associated 
inadequate vascular support in the diverticular wall.

Pain associated with diverticular disease may be related 
to muscle spasm as well as inflammation. Perforation can 
occur in the absence of inflammation and may be secondary 
to the extremely high intraluminal pressure.14

Etiology

The etiology of diverticular disease remains complex and 
relatively poorly understood. Pathophysiologic studies reveal 
that complications do not occur until there is microperfo-
ration through the wall of a diverticulum into the pericolic 
tissue. A single diverticulum experiences a change in the 
permeability of its isolated mucosa from physical, biochemi-
cal, or physiologic means. It is postulated that perforation 
then occurs leading to a characteristic response which results 
in varying degrees of inflammation. The perforation might 
cause microabscess, phlegmon, large abscess, fistulas, or 
even free perforation. Free perforations occur rarely, while 
fistulas are more likely, with the bladder being the most com-
mon site of fistula formation.15

The original communication between the diverticular per-
foration with the lumen of the bowel, is usually rapidly oblit-
erated by the inflammatory process. Occasionally, failure of 
the diverticular neck to obliterate may lead to a free com-
munication between the bowel and the peritoneal cavity with 
resultant fecal peritonitis. Rupture of a noncommunicating 
abscess may lead to purulent peritonitis.16

Low-grade inflammation of colonic mucosa, induced by 
changes in bacterial microflora, can affect the enteric nervous 
system and alter gut function, leading to symptom develop-
ment. This explanation for symptoms in IBS can be easily 
extrapolated to diverticular disease since some patients with 
diverticular disease demonstrate bacterial overgrowth.17
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Recent clinical investigations have shown that disturbances 
in cholinergic activity may contribute to diverticular disease. 
Cholinergic stimulation in patients with diverticular disease 
leads to unsynchronized slow waves of relatively low fre-
quency as opposed to bursts of action potentials normally 
associated with peristalsis.18,19 This suggests a possible 
role for cholinergic denervation hypersensitivity in colonic 
smooth muscle with upregulation of smooth muscle musca-
rinic receptors.20

A colon with diverticular disease has more cholinergic 
innervation than a normal colon. In addition, there is less 
noncholinergic, nonadrenergic inhibitory nerve activity. 
This increased cholinergic activity and the relative paucity 
of inhibitory activity may contribute to the high intralumi-
nal pressures and segmentation seen in colonic diverticular 
disease.21

Epidemiology

Diet

Large cohort and case–control studies in the USA and Greece 
have shown that diets high in red meat and low in fruit and 
vegetable fiber increase diverticular symptoms by as much 
as threefold.22,23 Vegetables and brown grains have been 
shown to be protective.23 Fiber may be protective by increas-
ing stool weight and water content which decreases colonic 
segmentation pressures and transit times.24 Fiber, through the 
process of fermentation, also provides short chain fatty acids 
to the colonic epithelial cells, an important source of fuel and 
mucosal health.25–27

Patients with diverticulosis were often told to avoid seeds, 
nuts, and popcorn. A large cohort study of US health-care pro-
fessionals evaluated 47,228 men between the ages of 40–75 
who were free of diverticulosis at baseline, and they were fol-
lowed for 18 years.28 There were inverse correlations between 
nut and popcorn consumption and the risk of diverticulitis.28 
The consumption of nuts, corn, and popcorn did not increase 
the risk of diverticulosis or diverticular complications and 
therefore the recommendation to avoid these foods to prevent 
diverticular complications should be reconsidered.28

Red meat has been associated with heterocyclic amines, a 
factor in colon mucosal apoptosis.29 Dietary heme has been 
shown to be highly cytotoxic to rat colons.30

Age and Gender

Female patients present with complications requiring surgery 
an average of 5 years later than male patients. Men have a 
higher incidence of bleeding than women; however, women 
have a higher incidence of fistula formation compared to 
men. Younger men present with fistula more frequently, 
while older men present more frequently with bleeding. 

Young females are more likely to present with perforation 
while older females are more likely to present with chronic 
disease and stricture. Overall, patients younger than 50 pres-
ent more often with chronic or recurrent diverticulitis.31,32

Nonsteroidal Anti-inflammatory Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) have been 
linked to increased rates of complications related to diverticular 
disease. The plausible mechanism of action is indirect through 
known inhibition of cyclo-oxygenase and resultant decreased 
prostaglandin synthesis in the gut. Prostaglandins are impor-
tant in the maintenance of mucosal blood flow and in provid-
ing an effective colonic mucosal barrier. A direct mechanism 
also exists through mucosal damage caused by NSAIDs which 
leads to increased translocation of toxins and bacteria.33,34

Immune Status

The use of corticosteroids is associated with a higher risk 
of perforation and more severe inflammatory complications. 
The postulated mechanism is immunosuppressive and anti-
inflammatory effects hinder confinement of perforation in 
its early stages, resulting in more serious sequelae. The use 
of other immunosuppressive drugs has also been associated 
with such increased risks. The main risk appears to be more 
virulent complications once complications occur.35

Opiates

The use of opiate pain medications has been shown to raise 
intracolonic pressure and slow intestinal transit, both of 
which increase the risk of complications from diverticular 
disease. Case series have shown a higher percentage of per-
foration in patients who were taking opiate analgesics.32,36 
Although, patients who require narcotic pain medication 
may be at higher risk of perforation based on severity of 
abdominal symptoms.

Smoking

A recent large case–control study demonstrated that smokers 
had three times the risk of developing complications from 
diverticular disease than did nonsmokers.37 However, a large 
cohort study involving over 46,000 men in the USA did not 
find this same association.38

Alcohol

A Danish cohort study showed the risk of diverticulitis was 
three times higher in female alcoholics compared to the 
general population and two times higher in male alcoholics. 
However, the data may be biased due to dietary and smoking 
habits associated with alcoholics.39
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Clinical Manifestations

Clinical Patterns

Diverticular disease may be classified into diverticulosis 
(asymptomatic) and diverticulitis (symptomatic) (Table 22-1).  
Diverticulosis refers to the presence of diverticula with 
no related symptoms. This applies to the vast majority  
(80–90%) of patients with diverticular disease. Diverticuli-
tis can be subclassified into noninflammatory, acute (simple 
or complicated), chronic (atypical or recurring/persistent), 
or complex disease. The term “malignant diverticulitis” has 
been used to describe a particularly severe form of fibrosing 
disease with phlegmonous inflammation extending below 
the peritoneal reflection. This is associated with frequent 
fistula formation, obstruction, and high postoperative mor-
bidity and mortality.40 Many consider this form to be misdi-
agnosed Crohn’s disease.

Noninflammatory Diverticular Disease

Noninflammatory diverticular disease describes those 
patients with symptoms of diverticulitis but without asso-
ciated inflammation.41 The diagnosis is made at the time 
of elective operation when no inflammatory changes are 
found in the specimen. This has been reported in 15–35% 
of resections.41 Some would consider this a missed diagnosis 
(IBS). However, if that were always the case, then one would 
expect a very low resolution of symptoms following resec-
tion. In fact, although a lack of inflammatory changes in the 
resected specimen has been associated with lesser degrees of 
symptom relief, the success rate is not zero.41–44 One could 
conclude that resections are being performed for the right 
indication but the wrong pathology.

The term “atypical” has been applied to patients with chronic 
symptoms who never develop the necessary clinical and labo-
ratory criteria to be judged as having acute diverticulitis. Up to 
24% of these patients are found to lack inflammatory changes 
in the resected specimen thus fulfilling the criteria for non-
inflammatory diverticular disease. The remaining members 
of this group could be considered as having had acute diver-
ticulitis based on histologic findings of inflammation. A high 

percentage of atypical patients (88%) became pain free after 
resection on short term (12 months) follow-up.44

Acute Diverticulitis

Acute diverticulitis is represented by signs and symptoms of 
acute inflammation and may be simple (limited to the colonic 
wall and adjacent tissues) or complicated (with perforation 
or fistula). Simple acute disease is usually accompanied by 
systemic signs of fever and leukocytosis while complicated 
acute disease may have the added signs of tachycardia and 
hypotension.

Complicated acute diverticulitis can be classified accord-
ing to the extent of spread of the inflammatory process. 
A common classification for diverticulitis with perforation 
was first described in 1963 by Hughes et al.45 and slightly 
revised and popularized by Hinchey et al.16 in 1978. Stage I 
diverticulitis is a localized pericolic or mesenteric abscess, 
Stage II is a confined pelvic abscess, Stage III is generalized 
purulent peritonitis, and Stage IV is generalized fecal perito-
nitis (Table 22-2).

Chronic Diverticulitis

Patients with chronic diverticulitis remain symptomatic (left 
lower quadrant pain) despite standard treatment. It is consid-
ered atypical if systemic signs never develop. With systemic 
signs, chronic disease may manifest as recurring, intermit-
tent episodes of acute disease or as persistent, symptomatic 
low-grade disease. This is frequently associated with the 
presence of a phlegmon. If resection is performed, there will 
be evidence of inflammatory changes within the specimen.

Complex Diverticular Disease

Complex diverticulitis refers to disease in those patients who 
manifest sequelae of chronic inflammation including fistula, 
stricture, and obstruction. Each of these complications will 
be addressed later in this chapter.

Presenting Symptoms

Patients with acute diverticulitis typically complain of left 
lower quadrant abdominal pain. However, in a patient with a 
redundant sigmoid colon an inflamed segment might present 
with pain in the right lower quadrant, thus complicating the 
differential diagnosis with appendicitis. The pain is generally 

Table 22-1. The classification of diverticular disease

Diverticulosis Asymptomatic

Diverticulitis
Noninflammatory Symptoms without inflammation
Acute Symptoms with inflammation
 Simple Localized
 Complicated With perforation
Chronic Persistent, low grade
 Atypical Symptoms without systemic signs
 Recurring, persistent Symptoms with systemic signs (may be 

intermittent)
Complex With fistula, stricture, obstruction
Malignant Severe, fibrosing

Table 22-2. The Hinchey classification (proposed by Hinchey 
et al. in 1978)16

Hinchey I Localized abscess (para-colonic)
Hinchey II Pelvic abscess
Hinchey III Purulent peritonitis (the presence of pus in the 

abdominal cavity)
Hinchey IV Feculent peritonitis
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constant in nature, not colicky. Radiation may occur to the 
back, ipsilateral flank, groin, and even the leg. The pain may 
be preceded or accompanied by episodes of constipation or 
diarrhea. It commonly is progressive in nature if appropriate 
treatment is not instituted.

Historically, age was used as a primary determinant in 
distinguishing the most likely etiology of such pain. How-
ever, as increasing numbers of young people are found to 
have diverticular disease, the overlap between age groups 
has broadened and the need for diagnostic acumen has sig-
nificantly sharpened.

Nausea and vomiting are unusual in the absence of obstruc-
tion. Bleeding is not an associated finding. Symptoms of 
dysuria or urgency suggest possible bladder involvement due 
to an adjacent inflammatory mass or a colovesical fistula. 
Pneumaturia, fecaluria, or passage gas and stool through the 
vagina suggest a colovesical or colovaginal fistula, respec-
tively. Fever is common and proportional to the amount of 
inflammatory response present. A high fever suggests a per-
foration with abscess or peritonitis.

Occasionally, diverticular disease will present in unusual 
ways. These include lower extremity joint infections of a 
chronic nature that culture positive for enteric bacteria. Other 
unusual presentations include female adnexal masses on the 
left, inflammation/necrosis of the perineum and genitalia 
including Fournier’s gangrene, subcutaneous emphysema 
of the lower extremities, neck and abdominal wall, isolated 
hepatic abscess due to enteric organisms, brain abscess due 
to enteric organisms, and cutaneous lesions mimicking pyo-
derma gangrenosum.46,47

Physical Findings

Patients presenting with acute diverticulitis will be tender 
to palpation in the left lower quadrant and left iliac region. 
There may be limited rigidity or localized guarding to deeper 
palpation. With resolution of the acute phase, palpation may 
reveal a mass in the left lower quadrant. Classically, there is 
no prodromal epigastric pain with diverticulitis as one might 
expect to see with appendicitis.

In the event of a perforation with development of fecal 
or purulent peritonitis, the area of pain will spread through-
out the abdomen. Guarding will become prominent and the 
abdominal wall will become rigid.

Diagnostic Evaluation

Abdominal X-Rays

The primary value of abdominal X-rays is to rule out pneu-
moperitoneum or to assess for a possible obstruction, there-
fore plain films of the abdomen should include supine and 
upright or left lateral decubitus views. Computed tomog-
raphy (CT) scan is often the evaluation of choice in the 

face of acute abdominal pain, so in many centers, the plain 
 abdominal film is rarely used.

Contrast Studies

Barium or water soluble contrast studies have their propo-
nents for utilization; however, CT scans provide a signifi-
cantly more thorough evaluation, making it the preferred 
imaging study in many centers (Figure 22-1). Nonetheless, 
due to costs, some clinicians will utilize CT scan only if 
there is clinical suspicion of an abscess or other complicat-
ing feature for which an alternative to standard bowel rest 
and antibiotics might be applied. A water soluble contrast 
study can evaluate the lumen of the bowel if there is concern 
about distal bowel obstruction. It may be an important part 
of the assessment for the possible use of a colonic stent if 
malignant disease is suspected.

Contrast studies have been shown to identify fistulas, most 
commonly colovaginal or coloenteric. Some clinicians pre-
fer the anatomic view of the entire colon provided by bar-
ium enema since it distinguishes the extent of diverticulosis 
throughout the colon and can assess for stricture and colonic 
length. In most centers, contrast studies, if used at all, are 
used in a limited fashion to evaluate the anatomy of the colon 
prior to an operation.

CT Scan

An important advantage of a CT scan is the ability to docu-
ment diverticulitis, even if uncomplicated, when the diag-
nosis is in doubt. Studies utilizing CT scan as the initial 
diagnostic test have shown that up to 5% of patients admitted 

Figure 22-1. CT scan reveals uncomplicated diverticulitis with 
bowel wall thickening and streaky fat in the mesentery.
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for acute diverticulitis have been hospitalized for the incorrect 
clinical diagnosis.48

It has been demonstrated that CT can recognize and strat-
ify patients according to the severity of their disease. It can 
distinguish uncomplicated disease with a predictably short 
length of hospital stay from complicated disease as defined 
by abscess, fistula, peritonitis or obstruction and a predict-
ably long length of stay. It also provides information about 
extracolonic pathology and anatomic variation which is 
useful for surgical planning. Early CT guided drainage of 
abscesses allows down-staging of complicated diverticuli-
tis, converting an otherwise urgent or emergent operation 
with its attendant increases in morbidity and mortality to the 
safety of an elective operation.48 In some selected cases there 
may be no need for elective resection.

Colonography

Preliminary studies utilizing magnetic resonance imaging 
(MRI) colonography have shown a high correlation with CT 
findings in patients with diverticular disease without expo-
sure to ionizing radiation. Three-dimensional rendered mod-
els and virtual colonoscopy can be performed only in the 
nonacute setting. These comprehensive 3-D models, rather 
than barium enema, may have a role in presurgical planning 
with concurrent assessment of the residual colon.49

Ultrasonography

Transrectal ultrasound (TRUS) has been utilized in the eval-
uation of diverticular disease in conjunction with transab-
dominal ultrasound (TAUS). Combining TRUS with TAUS 
reveals complications not visualized on TAUS alone includ-
ing inflamed diverticula. TRUS may be an accurate adjunct 
for confirming clinically suspected acute colonic diverticu-
litis when the rectosigmoid or perirectal tissues are affected 
as one might see in the case of malignant diverticulitis. It 
helps avoid false-negative results and defines the severity of 
disease in the lower sigmoid colon better than TAUS alone. 
TRUS may prove to be a useful adjunct in selected cases 
of rectosigmoid diverticulitis and perirectal involvement 
by diverticular disease in centers where CT scanning is not 
readily available.50

Endoscopy

Endoscopy in the face of acute diverticulitis must be under-
taken with extreme caution due to risk of perforation and 
decreased chance of successful cecal intubation. It can pro-
vide important information prior to operation but will change 
acute management in less than 1% of cases.51 Generally, in 
the absence of an urgent indication, colonoscopy should be 
delayed until resolution of the acute episode is complete.

In the case of elective colonoscopy, the unexpected finding 
of acute diverticulitis (manifested as erythema, edema, pus, 

or granulation tissue at a diverticula opening) is distinctly 
unusual, occurring in just 0.8% of patients. Treatment with 
antibiotic therapy for such findings is generally unnecessary 
as follow-up has shown that symptoms of diverticulitis do 
not develop following the colonoscopy.52

Differential Diagnosis

The differential diagnosis for diverticular disease includes 
IBS, carcinoma, inflammatory bowel disease (IBD), appen-
dicitis, bowel obstruction, ischemic colitis, gynecologic dis-
ease, and urologic disease. Of these, IBS is perhaps the most 
difficult to differentiate in many patients.

Irritable Bowel Syndrome

In many ways, the distinction between chronic diverticuli-
tis and noninflammatory diverticular disease relies upon the 
pathologist while the distinction between noninflammatory 
diverticular disease and IBS relies on the diagnostic acumen 
of the clinician and the long-term outcomes of resection. Due 
to the prevalence of diverticular disease many patients with 
IBS will have concomitant diverticular disease. However, 
due to the fact that diverticular disease is most commonly 
asymptomatic, the presence of diverticulosis in these patients 
will often not be the source of their symptoms but rather just 
a source of confusion in the differential. It is helpful to be 
familiar with the Rome II criteria (Table 22-3) for the diag-
nosis of IBS in order to sort through this differential.

Colonic Neoplasia

Distinguishing diverticular disease from cancer can be dif-
ficult. Imaging techniques can provide significant diagnostic 

Table 22-3. The Rome II criteria for irritable bowel syndrome

Irritable Bowel Syndrome can be diagnosed based on at least 12 weeks 
(which need not be consecutive), in the preceding 12 months, of abdomi-
nal discomfort or pain that has two of three of these features:
1. Relieved with defecation, and/or
2. Onset associated with a change in frequency of stool, and/or
3. Onset associated with a change in form (appearance) of stool
Symptoms that cumulatively support the diagnosis of IBS:
1. Abnormal stool frequency (>3 stools per day or <3 stools per week)
2. Abnormal stool form (lumpy/hard or loose/watery stool)
3. Abnormal stool passage (straining, urgency, or feeling of incomplete 

evacuation)
4. Passage of mucus
5. Bloating or feeling of abdominal distension.
Red Flag symptoms which are NOT typical of IBS:
Pain that often awakens/interferes with sleep
Diarrhea that often awakens/interferes with sleep
Blood in stool (visible or occult)
Weight loss
Fever
Abnormal physical examination
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assistance but occasionally a resection is necessary. Several 
features of barium enema (BE) support a diagnosis of diver-
ticular disease including preservation of the mucosa, long 
strictures, and the presence of diverticula. A BE is preferred 
by some clinicians to assess the extent of the diverticulo-
sis and evaluate the length of the colon prior to resection. 
Although colonoscopy can frequently resolve this issue, it 
is not always possible due to acute angulations or narrowing 
of the lumen. CT evaluates the entire abdomen, which can 
identify concurrent disease and may give clues to underlying 
colonic pathology.

The increasing incidence of colonic neoplasia with 
increasing age parallels that of diverticular disease. Pol-
yps and cancer must be considered whenever a diagnostic 
workup for diverticular disease is begun. Although unusual, 
cases of adenocarcinoma arising within a diverticulum have 
been reported.53 Since colonic diverticula are thin walled, 
containing only mucosa and serosa, early penetration by 
cancer is likely, leading to advanced stages with small pri-
mary lesions.

Although historically diverticular disease was not felt 
to have an etiologic link to colon cancer, a causal associa-
tion has been identified between left-sided colon cancer 
and diverticulitis. In a review of 7,159 patients from the 
Swedish Cancer Registry, patients with diverticulitis had 
a long-term increased risk of left-sided colon cancer com-
pared to patients with asymptomatic diverticulosis (odd’s 
ratio = 4.2).54–56

Inflammatory Bowel Disease

Crohn’s disease can be a particularly difficult diagnosis to 
make. Both Crohn’s and diverticular disease may present 
with similar complications including fistulas, phlegmons, 
and abscesses. Rectal involvement, anal disease, extraco-
lonic signs, and bleeding suggest Crohn’s disease. Recurrent 
“diverticulitis” requiring a repeat resection should always 
raise the question of possible Crohn’s disease.57 Ulcerative 
colitis is rarely a significant differential diagnostic dilemma 
since bleeding is not a prominent symptom of diverticulitis 
and a simple endoscopic exam showing inflammation within 
the rectum should suffice to rule out diverticular disease. In 
the unusual circumstance where diverticulitis and ulcerative 
colitis both exist, treatment should be targeted toward both 
entities simultaneously.

Other Colitides, Appendicitis, Gynecologic,  
and Urologic Disease

Endoscopy can be an important adjunct in differentiating 
IBD, ischemic colitis, and other forms of colitis although 
caution must be used in the acute setting. A major advantage 
of the CT scan is the ability to evaluate for many of the other 
potential differentials including appendicitis, gynecologic, 
and urologic disease.

Special Considerations

Diverticulitis in Young Patients

There continues to be some debate as to the issue of recurrence 
in patients younger than 50 years old. It does appear that 
there is an increased incidence in younger patients present-
ing with diverticulitis. In a recent study by Etzioni et al.58 
evaluating the nationwide inpatient sample data for changing 
patterns of diverticular disease and treatment, a 73% increase 
in the rate of admission for patients aged 18–44 years with 
diverticulitis was found between 1998 and 2005. While 
an increase was also found in patients aged 45–74 year, the 
increase was only 29%.

Historically, diverticular disease in patients less than age 
50 has been described as more virulent and with more serious 
complications.59–63 Despite the increased number of younger 
patients with the disease, its virulence does not appear to 
be any different compared to older counterparts.64 It is now 
doubtful that age itself should be a primary consideration in 
the decision to operate. The literature is mixed with propo-
nents of a more aggressive approach to the disease in young 
patients59–66 and those that feel age alone does not signifi-
cantly increase risk.67–74 Other factors apply, most of which 
are not age related.

Young patients with diverticular disease are more com-
monly male,59,66 obese60,74 and have a higher incidence of 
right-sided diverticulitis.69,70 Young patients undergoing 
operation are frequently misdiagnosed preoperatively60,68,70 
with appendicitis being the most common misdiagnosis.70 
Many recommend that patients less than age 50 have an elec-
tive resection after a single episode of acute disease. Recent 
evidence is mixed.

In some series, young people present with more severe 
disease at first presentation61–63,65 but less frequently have a 
resection at that time. Reasons for this include missed diag-
noses and rapid response to therapy. With fewer resections 
for more complex disease, a higher percentage of young 
patients return with delayed complications and the appear-
ance of more aggressive disease. Elective resection follow-
ing the first episode of diverticulitis is thus advised.61–63

Others have recommended elective resections at a younger 
age to avoid the increased morbidity and mortality associ-
ated with urgent or emergent surgery in the elderly (0% vs. 
34.9%).71 Some recommendations for elective resection in 
the young patient are based on cost savings related to defini-
tive surgical management vs. the higher costs of ongoing 
medical treatment for recurring disease.66 These types of 
recommendations assume a high risk of recurrent disease.

There is evidence that diverticular disease in young patients 
is changing. It is not as rare as in the past62,72,73 and continues to 
become more prevalent.73 And recent evidence suggests there 
is no increased risk of complications from diverticular disease 
in the young.68–73 Based on these findings, resection following 
a single episode of diverticulitis is not recommended.
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Data is difficult to interpret because the presentations of 
diverticular disease are so varied and most studies are small 
and retrospective with risks of unrecognized selection bias. 
However, it does appear that diverticular disease is more 
common in young patients than generally recognized. Obe-
sity may be a risk factor related to diet. Diets high in fiber are 
less likely to result in obesity compared to diets associated 
with diverticular disease.

The issue of male predominance could be a result of 
missed diagnoses in females. Young females frequently have 
a gynecologic focus of attention placed on causes of abdomi-
nal pain other than diverticular disease. This is further com-
pounded by the general poor recognition of the prevalence of 
diverticular disease in younger patients.

Current recommendations for resection are based on the 
predicted risk of developing a serious complication that 
would lead to emergency surgery with increased morbidity 
and mortality. To improve management we must become 
better at predicting who is at risk for recurrent disease. Age 
alone does not appear to be a reliable factor. The use of CT 
to identify “severe” or “complex” diverticular disease seems 
most promising.

In a recent study, the incidence of remote complications 
was the highest (54% at 5 years) for young patients with 
severe diverticulitis on CT and the lowest (19% at 5 years) for 
older patients with mild disease. Young age and severe diver-
ticulitis taken separately were both statistically significant 
factors for poor outcome (P = 0.007 and 0.003, respectively), 
although age was no longer significant after stratification for 
disease severity on CT (P = 0.07).75 Other studies have shown 
similar risks associated with complex disease on CT.76,77

Giant Colonic Diverticulum

Giant diverticula of the colon are rare entities associated with 
sigmoid diverticular disease. They are generally pseudo-
diverticula with inflammatory rather than colonic mucosal 
walls. They usually arise off of the antimesenteric border of 
the sigmoid colon. The mechanism of formation is unknown 
but they have been reported to be as large as 30–40 cm78,79; 
12% occur in patients under the age of 50.

Diagnosis is by plain film of the abdomen which dem-
onstrates a large, solitary, gas-filled cavity. Communication 
with the colon can be demonstrated with contrast enema. 
The differential diagnosis includes congenital duplication of 
the colon, cholecystenteric fistula, colonic volvulus, emphy-
sematous cholecystitis, infected pancreatic pseudocyst, 
pneumatosis cystoides intestinalis, Meckel’s diverticulum, 
intra-abdominal abscess, giant duodenal diverticulum, dilated 
intestinal loop, gastric dilatation, tubo-ovarian abscess, and 
mesenteric cyst.80

Most patients will present with vague symptoms of 
 abdominal discomfort or pain and a soft, mobile abdomi-
nal mass. A few patients will present with one of the known 
complications which include perforation, sepsis,  intestinal 

 obstruction, or volvulus. The natural history is slow 
 enlargement over time. The treatment of choice is resection 
of the diverticulum and adjacent colon at time of diagnosis if 
the patient is symptomatic.

Rectal Diverticula

Rectal diverticula are rare. They are typically true diverticula 
since they include the muscular layer of the rectum in their 
wall. They are frequently solitary. Inflammation can gener-
ally be managed with antibiotics, rarely surgical resection is 
required.

Cecal and Right-Sided Diverticulitis

Right-sided diverticular disease is much more common in 
the Far East than in the west, representing 35–84% of diver-
ticula in that region. Patients present an average of 20 years 
younger than with sigmoid diverticulitis. Classically, cecal 
diverticula are described as true diverticula containing all 
layers of the bowel wall. However, most cecal diverticula 
actually are false and frequently not solitary.

It is estimated that 13% of patients with cecal diverticu-
losis develop diverticular inflammation. Cecal diverticulitis 
can be graded according to the extent of the inflammation. 
Grade I disease refers to an easily recognizable projecting 
inflamed cecal diverticulum. Grade II is an inflamed cecal 
mass. Grade III encompasses a localized abscess or fistula. 
Grade IV is a free perforation or ruptured abscess with dif-
fuse peritonitis. Cecal diverticulitis is correctly diagnosed 
preoperatively only 5% of the time. Appendicitis is the pre-
operative diagnosis in more than two-thirds of cases.81

Intraoperative diagnosis is relatively easy with Grade I 
and to a lesser extent with Grade II disease. Most episodes 
of cecal diverticulitis presenting with Grade III or Grade IV 
disease are misdiagnosed intraoperatively as perforated car-
cinoma.

If a correct diagnosis of uncomplicated cecal diverticulitis 
can be made preoperatively, then antibiotics and treatment 
similar to left-sided disease are appropriate. However, this 
is rare. Intraoperatively, the options for treatment include 
(1) appendectomy, nonresection of the diverticulum and 
postoperative antibiotic therapy; (2) appendectomy with 
diverticulectomy for Grade I and identifiable Grade II dis-
ease; or (3) right hemicolectomy is the procedure of choice 
for not readily identifiable Grade II, Grade III, and Grade IV 
disease, failed treatment or possible cancer. Appendectomy 
should always accompany nonresection or diverticulectomy 
whenever the base of the appendix is not inflamed to avoid 
confusion at a later date.81–83

Diverticular Disease of the Transverse Colon

This is an exceedingly rare condition. Clinical presentation 
most often mimics appendicitis, cholecystitis or, less frequently, 
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ischemic or Crohn’s colitis. It is reported to occur in a younger 
age group than sigmoid disease and is more common in 
females. Treatment parallels that of sigmoid diverticulitis; 
however, resection is more commonly performed since a pre-
operative diagnosis is more difficult to make and a carcinoma 
frequently cannot be ruled out.

Saint’s Triad

Saint’s triad is a described association of diverticulosis, chole-
lithiasis and hiatal hernia. Although it has been suggested 
that the triad occurs in 3–6% of the general population,82 it 
is of unknown clinical significance and likely represents the 
normal concomitant distribution of these common maladies.

Polycystic Kidney Disease

There is a such a high incidence of diverticulosis among 
patients with autosomal dominant polycystic kidney disease 
that some consider it an extra-renal manifestation.84 These 
patients undergoing renal transplantation are at particularly 
high risk for devastating infectious complications due to 
their immunocompromised state. Many transplant centers 
recommend prophylactic sigmoid resection in those poly-
cystic kidney patients scheduled for transplantation with a 
documented history of diverticulitis.84–86

Treatment of Acute Diverticulitis

Dietary Management

The primary management of asymptomatic diverticular dis-
ease is diet. The goal of dietary manipulation is to increase 
the bulkiness of stool thus increasing lumen size, decreas-
ing transit time, and decreasing intraluminal pressures. 
This decreases segmentation which has been described as 
a significant factor in the development of diverticular dis-
ease. The ideal amount of fiber is not known; however, the 
recommended daily amount is 20–30 gm. In general, fiber 
can be obtained by consuming foods high in fiber or through 
supplementation with one or more of a large variety of bulk 
laxatives. Epidemiologic evidence strongly suggests a diet 
high in fiber can reduce the risk of developing diverticulosis. 
What is less clear is whether a high fiber diet can prevent 
diverticulitis and its complications in patients who already 
have diverticulosis. Recent evidence is building in support 
of this concept.87–90

Medical Management

In the absence of systemic signs and symptoms (high fever, 
marked leukocytosis, tachycardia, and hypotension), most 
patients experiencing symptoms of diverticulitis will respond 
to a regimen of bowel rest and antibiotics as outpatients. Diet 

is usually restricted to low residue or clear liquids during 
the acute illness but with resolution of the acute symptoms, 
a high fiber diet should be instituted. There is no need to 
restrict the ingestion of seeds or hulls since there is no data 
to substantiate this practice.

Appropriate antibiotics should be instituted. The most pre-
dominant organisms cultured from acute diverticular abscess 
and peritonitis include the aerobic and facultative bacteria 
Escherichia coli and Streptococcus spp. The most frequently 
isolated anaerobes include Bacteroides spp. (B. fragilis group), 
Peptostreptococcus, Clostridium, and Fusobacterium spp.91

The use of anticholinergics as adjunctive therapy is based 
on theoretically reducing pain related to spasm and hyper-
motility in the sigmoid colon. Efficacy has not been proven.

Signs of more advanced disease including marked leu-
kocytosis, high fever, tachycardia, or hypotension as well 
as a physical examination demonstrating more advanced 
intra-abdominal pathology, dictate a need for inpatient man-
agement. Patients admitted for inpatient care will usually 
undergo a baseline CT scan which can confirm the diagno-
sis, rule out potential alternative diagnoses, and evaluate for 
complicated disease that would require a change in initial 
management.48

Antibiotics should be administered via an intravenous 
route. Generally the patient will be placed nil per os (NPO) 
until there is evidence of clinical improvement making 
surgical intervention less likely. The diet is then gradu-
ally advanced from clear liquids to a low residue diet for 
a variable period of time before reinstituting a high fiber 
diet. Symptoms should improve within 24–48 h. Failure to 
improve requires further diagnostic workup including repeat 
CT and re-evaluation of the need for surgery.

Surgical Management

The surgical management of acute diverticular disease 
is replete with varied options that allow for customizing 
an operation to meet the needs of the individual patient. 
A thorough knowledge of these options and the indications 
for each is necessary for the surgeon managing these cases. 
The goal should always be to manage a complex patient in a 
way which will maximize the opportunity to avoid an emer-
gency operation in favor of an elective resection.

Surgical options include primary resection with anasto-
mosis with or without proximal diversion, resection with 
proximal colostomy and oversewing of the rectal remnant 
(Hartmann’s procedure) or mucous fistula (Mikulicz opera-
tion), simple diversion with drainage of the affected segment, 
diversion with oversewing of the perforation site and, rarely, 
subtotal colectomy. Adjunctive measures include on-table 
lavage and the option of a laparoscopic approach.

The historical discussion of these options would include 
the use of a three-stage approach with diversion and drain-
age followed by a second operation for resection and a third 
operation for reestablishment of intestinal continuity. 
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A modification of this approach includes oversewing of a 
visible site of perforation with an omental patch as a part of 
the initial operation.92 Alternatives include a two-stage 
approach consisting of a Hartmann’s or Mikulicz procedure 
followed by a second operation for re-establishment of intes-
tinal continuity and resection with primary anastomosis, 
with or without proximal diversion, as a single operation. 
For the most part, current discussions revolve around the 
relative merits of a single stage vs. a two-stage approach in 
acute cases requiring urgent or emergent surgery.93–95 The 
three-stage approach is unlikely to be used except in the 
most extreme cases of medical instability.96,97

The following sections will discuss the applications of 
these approaches to the various presentations of diverticu-
lar disease including both chronic and acute forms. Special 
 consideration will be given to the management of intra-
abdominal abscesses.

Intra-abdominal Abscess

For a patient found to have an abscess, there is a large volume 
of clinical evidence supporting the advantages of percutane-
ous drainage and the conversion of an emergent operation 
with its attendant increased morbidity and mortality to the 
relative safety of an elective operation.48,98 An abscess not 
responding to medical management should be drained per-
cutaneously or transrectally as appropriate to its location 
(Figure 22-2).

If drainage cannot be accomplished nonoperatively, or 
if drainage is performed but fails to resolve systemic signs 
and symptoms, operation is indicated. Generally, the clini-
cal scenario in this situation would be that of an advanced 
Hinchey Class II. Although it is possible that intraoperative 
findings would support a resection with primary anastomosis 
with or without proximal diversion, it is more likely that a 
Hartmann’s resection will be required.

In a recent study of 511 patients diagnosed with 
 complicated diverticulitis, 99 were diagnosed by CT scan 
with abscess, and 16 of these underwent percutaneous drain-
age.99 Of these patients with continued nonoperative treat-
ment, even after percutaneous drainage a recurrence rate of 
42% was noted with an associated increased probability of 
emergent procedure. Based on these findings it is recom-
mended that all patients with complicated findings undergo 
at best an elective operation.99

This therapy of treating patients with percutaneous drain-
age and medical management until it was feasible to per-
form an elective operation has also been evaluated. Salem 
reviewed all hospitalized patients for the state of Washington 
and found after evaluating over 25,000 patients that percuta-
neous drainage was associated with a decrease in emergency 
operative interventions.

Ricciardi et al.100 evaluated the nationwide inpatient 
sample data from 1991 to 2005 analyzing the incidence of 
complicated diverticulitis admissions. Despite a significant 
decline in surgical treatment for diverticulitis during this 
time period, there was no change in the proportion of patients 
discharged with complicated diverticulitis.

Indications for Surgery for Acute Disease

The indications for surgery of acute disease include (1) fail-
ure of phlegmon or abscess to respond to nonoperative 
management with clinical deterioration (increasing fever, 
leukocytosis, tachycardia, hypotension, signs of sepsis, or a 
worsening physical examination), (2) free perforation with 
peritonitis, and (3) obstruction.  Perforation without peritoni-
tis may not require operation (Figure 22-3).

Figure 22-2. CT reveals pericolic abscess (Hinchey Stage I).

Figure 22-3. 3-Diverticulitis with localized perforation. The patient 
was treated with antibiotics and improved without the need for 
emergency surgery.
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Surgical Procedures

For acute disease, the choice of operation is highly  dependent 
upon the degree of inflammatory response encountered at 
the time of operation. Since most acute diseases can be man-
aged nonoperatively (including the percutaneous drainage of 
most abscesses), the fact that an operation has become nec-
essary suggests rather advanced pathology and the need to 
be conservative. In general, most Hinchey Class I and some 
Class II disease can be managed with a one-stage procedure 
(resection and anastomosis) if the patient is stable, the extent 
of contamination is limited and adequate bowel prepara-
tion is possible93,101 recognizing, however, the necessity of 
mechanical bowel preparation in colon resections has been 
questioned.102 Proximal diversion may be necessary. Most 
cases of Hinchey Class III and IV disease will require a two-
stage approach. Some recent evidence suggests a possible 
role for resection with primary anastomosis and proximal 
diversion in highly selected cases without gross fecal con-
tamination.100–106

In a recent review by Salem and Flum,106 who reviewed 98 
articles on the outcome of complicated diverticulitis based 
on the type of operation performed, 1,051 patients were 
identified who had a Hartmann procedure from 54 studies, 
and 569 patients who had a primary anastamosis from 50 
studies. Of the 569 cases, 16% had covering stomas and 10% 
underwent on-table lavage. The mortality rates were higher 
in the Hartmann group, 19.6% vs. 9.9% for primary anasta-
mosis. Anastomotic leak rate ranged from 6.3 to 19.3% in 
patients undergoing a primary anastamosis. When primary 
anastomosis was performed with a covering stoma, the low-
est rate of leak rate (6.3%) and the lowest wound infection 
rate (4%) was demonstrated. Wound infections were also 
more frequently seen in the Hartman group 24.2% vs. 9.6%. 
Hartmann patients also required a larger second operation 
than those who had a primary anastamosis with or without a 
covering stoma. The conclusion was the primary anastomo-
sis is no worse than a Hartmann and has several advantages 
including higher restoration of continuity rate, less hospital-
ization, and fewer infectious complications (Table 22-4).

A major disadvantage of a two-stage procedure is that 
35–45% of patients never have their colostomy closed.103 
However, in patients with preexisting incontinence, a Hart-
man’s pouch should be the procedure of choice. Women are 
more likely than men to not have closure.103,104 For patients 
who do not undergo closure of their stoma, it is critical that 
their rectal stump undergo scheduled surveillance for neo-
plasia as the remaining rectum maintains at the same risk for 
neoplasia as other patients of equal age.105

Hartmann Reversal

Reversal of a Hartmann’s colostomy carries significant risks 
that must be entertained when considering this operation for 
patients who will desire continuity in the future. Failure to 
reverse the colostomy has been reported in 20–50% 106 of 

patients and leak rates on reversal range from 2 to 30%.106,107 
Mortality has been reported anywhere from 0 to 10% and 
wound infection rates range from 12 to 50%.

Maggard et al.108 reviewed 1,176 patients who had a Hart-
mann’s procedure for diverticular disease, only 65% had a 
reversal at a mean of 143 days. Younger men were more likely 
to have their ostomy reversed as opposed to older patients 
and women. Patients with more comorbidities also had fewer 
reversals. When evaluating all patients, 35% never had their 
ostomy reversed during the 4-year study. The complication 
rate following Hartmann reversal was 57.4%, including 
infection (9.1%), aspiration pneumonia (8.7%), pulmonary 
edema (6%), and acute renal failure (4.9%).108

Complications from Surgical Resection

Predictors of complications after resection for diverticular 
disease include advanced age (greater than 70–75 years), 
two or more co-morbid conditions, obstipation at initial 
examination, the use of steroids, sepsis, and obesity.96,109,110 
Complications of resection include anastomotic leak and 
hemorrhage.111 The prevalence of leak from a low intraperi-
toneal anastomosis is generally considered to be between 2 
and 5%.112 Anastomotic leaks may lead to localized abscess, 
stricture, peritonitis and sepsis. The diagnosis is dependent 
upon a high index of suspicion on the part of the surgeon and 
quick response to any unusual signs of sepsis. Fever, vague 
abdominal pain, diarrhea, obstruction and sepsis all should 
raise the question of a leak. The diagnosis is most commonly 
confirmed by water soluble contrast enema or by CT scan 
with intravenous, oral and rectal contrast.

An anastomotic leak without an abscess can usually 
be managed with intravenous antibiotics and response 
assessed. Failure to respond to treatment within 24–48 h 
or initial severe sepsis or peritonitis requires exploration 
with resection of the anastomosis and proximal diversion. 
Repair of the anastomosis with proximal diversion is usu-
ally unsatisfactory because of the high risk for recurrent 
leak in this inflammatory setting. An exception would be a 
“pin-hole” leak with limited inflammatory response which 
may be managed with repair, colonic lavage, and proximal 
diversion.

Table 22-4. Outcomes of primary anastomosis and Hartmann’s 
procedure

Patients
Mortality  
(%)

Wound  
infection (%)

Leaks  
(%)

Hartmann  
procedure

1,051 18.8 24.2 NA

Primary  
anastomosis

295 8.1 16.4 19.3

Primary anastamosis 
with stoma

<109 9.2 4 9.6

Modified from: Salem L, Flum DR. Primary anastomosis or Hartmann’s 
procedure for patients with diverticular peritonitis. A systemic review. Dis 
Colon Rectum. 2004;47:1953–64.106
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An anastomotic leak resulting in an abscess can generally 
be managed with percutaneous or transrectal drainage. Again, 
failure to respond will require laparotomy, take down of the 
anastomosis and proximal diversion.

A colocutaneous fistula related to a diverticular resection 
will usually respond to nonoperative measures. Provided 
there is no distal obstruction, no foreign body, and no under-
lying Crohn’s disease, spontaneous closure should be antici-
pated. Important steps to facilitate closure of colocutaneous 
fistulas include draining any undrained abscess; maximizing 
nutrition; and delivering appropriate wound care, which may 
require the help of enterostomal therapy nurses.

Strictures are an unusual complication related to diver-
ticular resection, unless the underlying process is Crohn’s 
disease. In the rare instance when stricture does occur, the 
most likely etiologies include ischemia or localized sepsis 
due to confined leak. Such strictures can most commonly be 
managed by dilatation with a balloon or rigid proctoscopy 
but occasionally will require a formal resection with recre-
ation of anastomosis.

Ureteral injuries are reported to occur in 1–10% of abdom-
inal surgeries.112 Early identification of any injury is the key 
to preventing significant morbidity. Although ureteral stents 
have not been shown to decrease the rate of injury, they do 
improve intraoperative identification of the ureters and the 
early identification of any ureteral injury.113 The decision to 
place ureteral stents prior to operation should be a function 
of clinical suspicion and the extent of inflammation on CT 
scan.

General postoperative complications related to colon and 
rectal surgery and specifics related to the recognition and 
management of the specific complications mentioned above 
are discussed more thoroughly in Chap. 10.

Recurrence After Resection

Recurrence of diverticulitis or its symptoms following resec-
tion has been reported in 3–13% of elective cases.114 Factors 
contributing to recurrence of diverticulitis include shorter 
resection length and anastomosis to sigmoid colon rather than 
to rectum.114,115 Thaler et al.116 demonstrated that the level of 
the anastomosis is the only significant determinant of recur-
rence after laparoscopic resection for diverticular disease.

Treatment of Chronic and Recurrent 
Diverticulitis

Most patients who develop a first episode of symptomatic 
diverticulitis have been asymptomatic until 1 month prior to 
presentation. Most will respond to bowel rest and antibiotics 
as an outpatient. It is difficult to reliably estimate how many 
outpatients will have recurrence because outpatient data is 
generally not reflective of a primary care population. How-
ever, it has been reported that up to 10% of patients with a 
first episode who have responded to outpatient management 

will develop recurrent or persistent symptoms which will 
require hospitalization.59

Data is more readily available on recurrence for patients 
who were initially treated as inpatients. But our understand-
ing of the natural history continues to evolve as antibiotics 
become more effective and inpatient status reflects increas-
ingly severe disease. This makes historical data regarding 
these issues of less value. Presently, inpatients might be 
expected to be at a greater risk for recurrence. In fact, 20% 
or more of these patients will develop a recurrence.59 Some, 
but not all, will require a second hospitalization. The interval 
between acute events may be prolonged (median 5 years).117 
Following a second hospital admission, up to 70% will con-
tinue with symptoms and over half of those that require 
another admission will do so within 1 year. The more com-
plicated the attack, the higher the risk of recurrence.4,15,118–121

It has been estimated that up to 1% of all patients with 
diverticulosis will eventually require operative intervention.9 
However, with an increasing denominator in the number of 
individuals affected with diverticulosis and better antibiotics 
for managing infections, this estimate may now be too high.

The risk of recurrence following an attack of uncompli-
cated diverticulitis has been shown to be quite low. The range 
of recurrence following an attack is 1.4–18%.122–124 It has 
been estimated that only 1 in 2,000 patient/years of follow-up 
will require an urgent Hartmann’s procedure after resolution 
of diverticulitis.125 In the 1950s, it was reported that morbid-
ity and mortality were higher with recurrent attacks of acute 
inflammation, and early interval resection was a means of 
avoiding those problems.75,126–128 Recent studies have shown 
repeatedly that prophylactic operation to prevent the need of 
a colostomy is unfounded. In patients with uncomplicated 
diverticulitis, Chautems et al.75 followed 118 patients after a 
first uncomplicated attack of diverticulitis for 9.5 years. Of 
these patients, 71% had no recurrent episodes and of those 
who did, none required emergent surgery. More recently, 
Anaya and Flum129 with a large population-based study of 
over 20,000 patients admitted with nonoperatively managed 
diverticulitis, found that only 5.5% progressed to require an 
emergent colectomy or colostomy. Younger patients in this 
study were found to be at higher risk than their older coun-
terparts.129

Anaya and Flum129 published a review of 25,058 patients 
hospitalized for an initial episode of diverticulitis. Of the 
20,136 patients treated nonoperatively, 19% developed a 
recurrence, with those less than 50 years of age having a 
slightly higher incidence (27% vs. 17% P < 0.001). These 
numbers are significantly lower than previous estimations of 
recurrence rates greater than 30%.

Very few patients presenting and requiring an emergent 
operation had been previously diagnosed with diverticulitis. 
An estimated 75–96% of patients presenting with peritonitis 
requiring an emergent operation had never been diagnosed 
with diverticulitis. This supports the notion that operating to 
prevent complications of diverticulitis is ineffective at achiev-
ing the goal.8,130–132 Patients with multiple, recurrent episodes 
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of acute diverticulitis documented by CT scan should be 
 considered for resection. Traditional teaching with respect to 
diverticulitis dictated elective sigmoid resection for patients 
suffering more than one episode of uncomplicated diverticu-
litis. In fact, most of the consensus data on elective resection 
after two documented episodes comes from literature that 
was published prior to the use of CT scanning and modern 
day antibiotic therapy. Because of these and other studies, 
the American Society of Colon and Rectal Surgeons (ASCRS) 
revised its previous recommendations for resection of diver-
ticular disease. The 2006 revised practice parameters now 
reads as follows: “The decision to recommend surgery should 
be influenced by the age and medical condition of the patient, 
the frequency and severity of the attacks, and whether there 
are persistent symptoms after the acute episode.”133

Recent data has suggested that the recommendation for 
resection following two episodes of diverticulitis treated as an 
inpatient may result in too many patients undergoing resec-
tion, thereby increasing the total cost of health care. Perform-
ing resection after the third episode of diverticulitis results 
in significant cost savings.134 Performing  resection following 
four documented episodes rather than after two results in 
fewer deaths, fewer colostomies, and an additional cost sav-
ings of over $5,000 per patient in those less than 50 years of 
age.135 Others question the role of elective resection at all due 
to the high success rate of nonoperative management and the 
large percentage of patients presenting with urgent surgical 
disease that have no previous history of diverticulitis.130,136

The ultimate goal is to perform an operation electively 
rather than as an emergency. This requires correctly pre-
dicting those patients who are most likely to have serious 
complications as a result of their disease. CT evidence of 
complicated or “severe” disease has shown some promise in 
predicting risk. The risk of complications within 5 years of a 
first attack of diverticulitis exceeds 50% if CT shows severe 
diverticulitis at the initial episode.75 Mild findings on CT can 
be defined as localized thickening of colonic wall and inflam-
mation of pericolic fat. Severe findings are defined as abscess 
and/or extraluminal air and/or extraluminal  gastrograffin. 
Abscess, extraluminal air, and extraluminal gastrograffin 
have been associated with an increased risk of poor outcome 
from medical management regardless of age.76,77

Another approach is to identify specific groups of patients 
(other than age) who are at increased risk. Immunocompro-
mised patients are at particular risk for a poor outcome.35 The 
risk is due to a higher incidence of perforation and more severe 
inflammatory complications when perforation does occur.

Surgical Procedures

Patients undergoing resection for chronic disease will almost 
always be candidates for single stage resection with primary 
anastomosis. This includes patients returning for closure of 
a colostomy following initial diversion and drainage, diver-
sion with oversewing of perforation or diversion with resec-
tion via either Hartmann’s or a Mikulicz procedure.

Techniques for Appropriate Resection

The practice parameters of the ASCRS set out several general 
recommendations regarding resection of diverticular disease. 
For elective resections, all thickened, diseased colon but not 
necessarily the entire proximal diverticula-bearing colon 
should be removed. It may be acceptable to retain proxi-
mal diverticular colon as long as the remaining bowel is not 
hypertrophied. All of the sigmoid colon should be removed. 
When anastomosis is elected it should be made to normal 
rectum and must be free of tension and well vascularized.133 
The single most important predictor of recurrence following 
sigmoid resection for uncomplicated diverticulitis is an anas-
tomosis to the sigmoid colon rather than to the rectum.137 In 
urgent or emergent cases, resection and diversion are gener-
ally required. In selected cases where sepsis can be removed, 
definitive resection with anastomosis (with or without proxi-
mal stoma) may be appropriate. On-table colonic lavage may 
be a useful adjunct to resection and anastomosis.116

Laparoscopic Surgery

The role of laparoscopy in the management of diverticular 
disease is evolving. Recent data suggest decreased overall 
costs associated with laparoscopic resections when compared 
to open resections.137,138 Patients who are converted from lap-
aroscopic to open procedures are a concern with regard to 
added costs but conversion rates are below 20%,137–142 predict-
able141,143, and thus probably avoidable in many instances.140 
Higher conversion rates are associated with more complex 
disease.144 Recurrence rates match those for open proce-
dures.140,143,144 Laparoscopic resection results in a shorter 
length of stay137,138 and fewer complications.138 Hand-assisted 
laparoscopic colectomy has also been compared against 
straight laparoscopic colectomy and has been found to be 
equivalent in patient outcomes.145,146 Marcello et al.147 in a 
multicenter prospective randomized trial found the benefit 
of hand-assisted laparoscopic sigmoid resection compared to 
laparoscopic resection includes shorter operating time with 
similar length of hospital stay (Table 22-5).147

Table 22-5. Results of a multicenter prospective randomized trial 
of hand-assisted laparoscopic sigmoid resection compared to lap-
aroscopic resection in diverticular disease

HA (n = 33) LAP (n = 33) P value

Operative time (min) 175 ± 58 208 ± 55 0.021
Estimated blood loss (mL) 211 ± 160 198 ± 175 0.074
Ureteral stents 3 4 0.99
Incision size (cm) 8.2 ± 1.5 6.1 ± 2.1 <0.01
Passage flatus (days) 2.7 ± 1.6 2.9 ± 1 0.64
Length of stay (days) 5.7 ± 3.4 5.2 ± 2.6 0.55

HA hand-assisted colectomy, LAP straight laparoscopic colectomy. Data are 
means ± standard deviations.
Adapted from Marcello PW, Fleshman JW, Milsom JW. Hand-assisted lap-
aroscopic vs. laparoscopic colorectal surgery: a multicenter, prospective, 
randomized trial. Dis Colon Rectum. 2008;51:818–28.147
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Despite the recent eruption of literature and discussion 
of laparoscopic colectomies, only 5–10% of all colectomies 
are currently performed using a laparoscopic technique.145 
As data continues to accumulate, it appears that laparoscopic 
surgery is set to play a significant role in the management of 
diverticular disease.

A therapy unique to laparoscopic surgery is the use of 
laparoscopic lavage. A new approach has been described by 
Myers et al.148 from Ireland as an alternative to resection and 
Hartman’s pouch in perforated diverticular disease. They 
describe using laparoscopic peritoneal lavage for general-
ized peritonitis for perforated diverticulitis in 100 patients 
prospectively. They converted 8 patients to a Hartmann’s 
procedure who had feculent peritonitis, the remaining 92 
were followed with only a 4% morbidity and 3% mortality. 
Only two patients required additional procedures for pelvic 
abscesses and two patients had recurrent diverticulitis, one at 
12 months and the other at 84 months postprocedure. Addi-
tional studies are needed to determine what role this man-
agement option may play in acute diverticular disease.

Complications of Diverticular Disease

Bleeding

Bleeding is not recognized as a feature of diverticulitis. Bleed-
ing related to diverticulosis is discussed in Chap. 24.

Perforation

Perforation can occur at two levels. If an abscess forms and 
then ruptures, purulent peritonitis is the result. If a large 

 perforation occurs through the diverticulum directly into the 
peritoneum, fecal peritonitis is the result. Mixed fecal and 
purulent peritonitis may result from the rupture of an abscess 
which has an ongoing communication with the bowel lumen 
and then perforates. Clinically, the presentation is that of 
either abrupt onset of abdominal pain for a free perforation 
or an abrupt exacerbation of progressive localized pain in 
the case of a ruptured abscess. A pneumoperitoneum is seen 
on abdominal films or CT scan. Rapid progression to diffuse 
abdominal pain and rigidity can be expected.

Abscess

An abscess most commonly results from the mechanism 
described above. Small abscesses less than 1 cm in diam-
eter will frequently resolve with antibiotic therapy. Larger 
abscesses may require drainage. CT-guided percutaneous 
drainage is the preferred approach when possible as it can 
convert the high risks of an urgent operation to a much safer 
elective operation.

Fistula

The incidence of fistulization reported in the literature 
ranges from 5 to 33% depending largely upon the type of 
referral center making the report.47 Colovesical fistula is 
the most common fistula associated with diverticular dis-
ease and diverticular disease is the most common cause of 
colovesical fistula (Figure 22-4A and B). Other relatively 
common fistulas associated with diverticular disease include 
colocutaneous, colovaginal, and coloenteric. Most patients 
who develop a colovaginal fistula have had a  previous 

Figure 22-4. A/B CT scan reveals air in the bladder consistent with a colovesical fistula.
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 hysterectomy (Figure 22-5). Other fistulas have rarely been 
described and include colocolic, ureterocolic, colouter-
ine, colosaphingeal, coloperineal, sigmoido-appendiceal, 
colovenous, and even fistulas to the thigh (a variant of a 
colocutaneous fistula).

The diagnosis of diverticular fistula is generally  clinical. 
Many fistulas will not be identifiable by imaging  studies. 
Thus, excess efforts should not be undertaken to try to 
radiographically demonstrate a fistula. The primary aim of 
a  diagnostic workup is not to see the fistula but to deter-
mine the etiology (diverticulitis, cancer, IBD, etc.) so that 
appropriate therapy can be initiated. The general principle of 
management is resection of the colon, usually with primary 
anastomosis, with varying treatment for the organ involved. 
For the bladder, simple drainage of the bladder for 7 days is 
advised. No treatment of the vagina is required in most cir-
cumstances. Cutaneous fistulas will usually require cutane-
ous closure by delay or secondary intention. Enteric fistulas 
require closure or resection of the involved small bowel or 
colon. Ureteral drainage for fistulas to the ureter, observation 
or hysterectomy for uterine fistulas, salpingo- oophorectomy 
for fistulas to the fallopian tubes, and appendectomy 
for appendiceal fistulas are the most common treatments for 
uncomplicated  fistulas of the other named varieties. If there 
is any question of cancer, an en-bloc resection of a portion of 
the involved organ must accompany the resection.

Occasionally, nonoperative management is appropriate 
when symptoms are minor or when the patient is at other-
wise too great a risk for other health reasons. The use of 
long-term suppressive antibiotic therapy in selected patients 
with colovesical fistula has been shown to eliminate symp-
toms and prevent complications related to the fistula until 
death from other causes.149

Stricture

The development of a phlegmon with repeated attacks of 
acute disease or long-term persistent disease may result in 
a stricture. Although a relatively uncommon complication, 
patients will present with constipation, abdominal pain, and 
bloating. It is necessary to rule out carcinoma as the true 
cause of the stricture. Colonoscopy is the first choice to help 
make this distinction; however, it is not uncommon for asso-
ciated bowel angulation and fixation to prevent endoscopic 
visualization. Contrast studies may assist in the evaluation 
in such instances, but resection may be necessary to make a 
diagnosis.

Obstruction

On rare occasions complete obstruction may occur. If this is 
due to diverticular disease, most patients will respond to ini-
tial medical management allowing for an elective resection 
at a later date. Persistence of an obstruction may require a 
Hartmann’s procedure or primary anastomosis with proxi-
mal diversion for management. The successful use of colonic 
stents to relieve obstruction secondary to diverticulitis has 
been described. 150,151 In this setting, the colonic stent is used 
as a bridge to surgery with later elective resection. However, 
the use of stents in benign disease is not an indicated use. 
There is a high incidence of complications leading to emer-
gency surgery for removal of the stent and management of 
complications.152

Ureteral Obstruction

The ureter is infrequently involved with diverticular disease. 
When involved, it is most frequently the left ureter. Rarely, 
diverticular disease has been reported as fistulizing to the 
ureter. A stricture may occur but compression is more com-
mon. This can result from retroperitoneal fibrosis secondary 
to diverticular inflammation. Most commonly this resolves 
as the underlying diverticular disease process resolves, 
although occasionally ureterolysis has been advised.153

Phlegmon

A phlegmon represents an inflammatory mass without a 
surrounding central abscess. A phlegmon can significantly 
complicate the technical aspects of surgical resection. Many 
phlegmons will resolve with antibiotic therapy. If resection 
is planned due to recurrent episodes of disease, it is best to 
treat the acute phlegmon to resolution if possible, prior to 
resection. Occasionally, operation may become necessary in 
the face of an acute phlegmon. This situation may be the 
source of some descriptions of “malignant” diverticulitis as 
earlier described.

Figure 22-5. Colovaginal fistula occur almost exclusively in patient 
who have undergone prior hysterectomy.
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Colonic Volvulus
Jan Rakinic

Introduction

Volvulus, from the Latin volvere, means “to twist.” Volvulus 
may occur in any part of the gastrointestinal tract where 
there is sufficient length of gut to twist about a fixed point. 
Colonic volvulus is the cause of 10–15% of colon obstruction 
in USA.1,2 Colonic volvulus occurs when a mobile portion 
of the colon has a mesentery with a narrow, fixed base. The 
colonic segment twists around this fixed point, producing a 
closed loop obstruction. The mesenteric narrowing may be 
congenital or acquired, often by surgical scarring near the 
mesenteric root. As may be anticipated, the most common 
sites of colonic volvulus are the sigmoid colon and cecum, 
which are the most mobile parts of the colon. In a series 
of 546 cases of colonic volvulus in USA, the site-specific 
incidence was found to be cecum, 34.5%; transverse colon, 
3.6%; splenic flexure, 1%; and sigmoid colon, 60.9%.3 
A more recent Australian study had incidence as follows: 
cecum, 39%; transverse colon, 2%; and sigmoid colon, 
59%.4 Factors that place patients at elevated risk for colonic 
volvulus include chronic constipation, previous abdominal 
surgery, and megacolon.

More than half of the patients with colonic volvulus present 
acutely with crampy abdominal pain, marked tympanitic 
abdominal distention, and absence of flatus or stool. Some 
institutionalized patients may not complain of pain; rather, 
a caregiver may notice an unusually long interval between 
bowel movements associated with significant abdominal dis-
tention. There may not be a preceding history of worsening 
constipation or thinner stools, as can be seen with progres-
sive mechanical obstruction, since volvulus is a more acute 
process. Vomiting is an uncommon early symptom. Pain 
becomes more constant when ischemia worsens due to com-
pression of the vessels within the twisted mesentery. There 
is a group of patients who have recurring subacute episodes 
of volvulus, with often painless abdominal distention and 
tympany. These episodes resolve spontaneously with pas-
sage of copious amounts of liquid stool and gas, described as 
“explosive.” These patients should be evaluated for colonic 

dysmotility and megacolon, as these findings alter the 
surgical therapy. Total abdominal colectomy is the proce-
dure of choice if megacolon is found, due to the high risk of 
recurrent volvulus if abnormal colon is retained.5–8

In children, colonic volvulus is rare, with a male pre-
dominance. Recurrent subacute episodes are most common. 
Mortality varies, but is higher when gangrenous bowel is 
present. Many of the children who develop colonic volvulus 
have medical comorbidities or developmental abnormalities. 
A report from Turkey described 19 pediatric patients treated 
for sigmoid volvulus over a 36-year period. The mean age 
was 10 years; 90% were male; two (10.5%) had volvulized 
previously. Gangrenous bowel was found in 15 patients 
(79%). Mortality was 21% (4/19).9 A retrospective study 
from Texas over a 60-year span found 63 cases of colonic 
volvulus in children, with a median age of 7 years and a 
male:female ratio of 3.5:1. Of the 63 patients, 11 (17.5%) 
had Hirschsprung’s disease. A number of the children had 
recurrent preoperative symptoms consistent with repeated 
episodes of volvulus. Overall mortality was 6%; operative 
mortality was 8.1%.10 A series from England reported seven 
cases of pediatric colonic volvulus over a 6-year period; five 
of the children had cerebral palsy, and one had moyamoya 
disease with spastic paraplegia. Mean age was 8.3 years; 
six were female. Segmental resection was done in all cases; 
there was no mortality.11

Volvulus in the pregnant patient merits special consider-
ation. While intestinal obstruction is rare in pregnancy, nearly 
45% is caused by sigmoid volvulus, and it is estimated that 
10% of patients with reports of cecal volvulus are pregnant at 
presentation. It has been postulated that the enlarging uterus 
lifts the sigmoid colon and cecum out of the pelvis, and that 
these segments become more prone to torsion about the pel-
vic sidewall attachments.12,13 Volvulus in pregnancy carries a 
high mortality rate, often because diagnosis is delayed due to 
avoidance of radiography and because of similarity of symp-
toms to other clinical entities. A high index of suspicion for 
volvulus must be maintained when a pregnant patient pres-
ents with symptoms of “constipation” and abdominal pain. 
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Urgent intervention is often required in the setting of volvulus 
due to the risk to both mother and fetus.

Sigmoid Volvulus

Epidemiology/Pathogenesis

The sigmoid colon is the most common site for colonic 
volvulus in USA. American patients with sigmoid volvulus 
are generally elderly, institutionalized patients on psycho-
active medications with chronic constipation, and approxi-
mately 80% are male.14 In regions where a high fiber diet is 
the norm, including Africa, India, Pakistan, and the Middle 
East, the incidence of sigmoid volvulus is much higher than 
in the West, and patients are several decades younger, with 
persistence of male preponderance.15–18 An anatomic study 
of the sigmoid mesocolon showed the female mesosigmoid 
to be wider than long, or brachymesocolic, whereas the male 
mesosigmoid was more likely to be dolichomesocolic, or 
longer than wide. This finding may explain the male pre-
dominance seen in sigmoid volvulus.19

The geographic variation in the incidence of sigmoid 
volvulus is believed to be linked to the ingestion of a high 
fiber diet, which lengthens the sigmoid colon and its mes-
entery, fostering an anatomic predisposition to volvulize.20 
Perry observed that while the bowel elongates as it distends, 
the antimesenteric border of the bowel elongates by 30%, 
whereas the mesenteric border elongates only by 10%.21 In 
the setting of a long, narrow mesentery, distention of the 
bowel induces it to twist about the mesenteric axis. Several 
authors have described patients with other colonic disorders 
such as constipation and pseudo-obstruction developing sig-
moid volvulus.6,8 One researcher has suggested that sigmoid 
volvulus may itself be a variant of Hirschsprung’s disease, 
which is marked by the absence of parasympathetic ganglion 
cells in the intramural and submucosal plexuses.22 A VA 
study from 1996 investigated the density of ganglion cells in 
the Auerbach’s plexus in dilated and nondilated segments of 
colons resected for volvulus. Fewer ganglion cells per high-
powered field were found in the dilated portions. However, 
no correction was made for the acutely enlarged diameter 
of the affected colon segments.23 Furuya et al. studied gan-
glion cell density comparing volvulized and non-volvulized 
sigmoid colons, and found no difference after correcting for 
the acute dilation. There was also no difference in ganglion 
cell density comparing sigmoid colons resected at the first 
instance of volvulus, and those re-resected (N = 2) for recur-
rent volvulus after what was thought to be an adequate initial 
volvulus resection.24 This would seem to imply that there is 
no absolute loss of ganglion cells in sigmoid volvulus unac-
companied by megacolon.

The twist of the sigmoid volvulus is most commonly coun-
terclockwise around the mesocolic axis. Torsion must be at 
least 180° to produce clinically significant obstruction. The 
sigmoid colon can tolerate more intraluminal pressure than 

other parts of the colon, and so the bowel wall can remain 
viable for a few days; however, strangulation will eventually 
occur, first with venous occlusion and then, followed by 
arterial occlusion, thrombosis, and necrosis. Gangrene may 
occur much more quickly due to a sudden, tight compression 
of the mesenteric vessels caused by rapid distention of the 
colon lumen.

Diagnosis

Exploratory laparotomy is mandatory if peritonitis is pres-
ent. However, in the more usual presentation, the diagnosis 
is strongly suspected by history and physical examination. 
A plain abdominal film often confirms the clinical diag-
nosis, displaying the “bent inner-tube” or “omega loop” 
appearance of a massively distended bowel loop, with both 
ends closely adjacent in the pelvis (Figure 23-1). In up to 
40% of cases, the plain film can be equivocal: there may 
be superimposition of distended transverse colon or small 
bowel; the sigmoid loop may be transversely oriented; or a 
massively dilated small bowel may mimic a sigmoid loop. 

Figure 23-1. Plain abdominal X-ray of sigmoid volvulus indicating 
the “bent inner tube” sign.
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In these situations, a contrast enema or CT scan may clarify 
the diagnosis.

If a contrast enema is desired, it should be done with 
water-soluble contrast material, as the mortality with barium 
is very high if a perforation is encountered. A water-soluble 
contrast enema classically shows the contrast column end-
ing sharply in a “bird’s beak” shape at the site of torsion 
(Figure 23-2). The major differential diagnoses that must 
be considered are obstruction due to colonic neoplasm and 
colonic ileus, or Ogilvie’s syndrome, both of which can pres-
ent in a similar way. The contrast study is helpful in diagno-
sis clarification. In the case of neoplasm, there may be a wisp 
of contrast through the lesion; if the obstruction is complete, 
the appearance is distinctly different from the classic “bird’s 
beak” appearance. In Ogilvie’s syndrome, the water-soluble 
contrast enema will show that there is no obstruction, and 
may also be therapeutic.

Abdominal CT scan can be quite helpful in the identi-
fication of colonic volvulus. Much information has been 
written on the “whirl sign” indicating twisted mesentery 
and intestinal volvulus,25,26 although most reports refer 
to small bowel volvulus. More recent reports have noted 
that the “whirl sign” can be observed in settings other than 
intestinal volvulus 27,28 and so may not be pathognomonic 
for intestinal volvulus.

In the pregnant patient, the diagnosis of sigmoid volvulus 
is usually made clinically, with subsequent endoscopic con-
firmation, or intraoperatively due to patient deterioration. 
The size of the uterus presents a challenge for operating in 
the pelvis; this makes simple detorsion or sigmoidopexy 
appear more attractive when the sigmoid colon is viable, but 
exposes the patient to a high risk of recurrence and need for 
another, definitive operative procedure.

Treatment and Outcome

The first volvulus-specific maneuver in the stable patient 
with a sigmoid volvulus is attempted endoscopic detorsion. 
Successful detorsion converts a surgical emergency into an 
elective situation. If the patient is febrile or has localized 
tenderness over the distended loop, nonviable colon should 
be strongly suspected, and attempted detorsion should be 
abandoned. Attempted detorsion of nonviable bowel risks 
perforation and peritonitis, with the attendant complications 
thereof. While detorsion was historically done with the rigid 
proctoscope, the flexible sigmoidoscope or colonoscope 
has replaced it as the instrument of choice. Detorsion has 
also been described using a column of barium or a blindly 
passed rectal tube. Due to concern that the sigmoid could 
be gangrenous, only detorsion techniques that visualize the 
mucosa should be used. When decompression is successful, 
as it is in 60–80% of attempts,4,15,20,29,30 there is evacuation of 
significant flatus and stool with visible lessening of abdomi-
nal distention. A decompressing tube should be placed into 
the detorsed loop to allow continued decompression and to 
prevent retorsion. A plain abdominal film should then be 
obtained to confirm relief of volvulus and absence of intra-
peritoneal free air.

Decompression alone as a management choice bears the 
risks of recurrent volvulus and death, which are not always 
mutually exclusive. A large study from the VA reported that 
of 50 patients managed with endoscopic decompression 
alone, six (12%) died during the index admission, and ten of 
the remaining 44 (23%) developed recurrent volvulus requir-
ing treatment; two of those ten (20%) subsequently died.20 
Lau et al. reported 49 patients from Brisbane, Queensland, 
of whom 12 were treated initially with endoscopic decom-
pression alone. Six of these patients suffered seven recur-
rences within 32 days (one patient recurred twice), and 4 
(33.3%) required emergency operation.4 A study from Fin-
land reported results of endoscopic decompression as the 
initial therapy for 17 of 58 patients with sigmoid volvulus: 
mortality was 12% and recurrence rate was 29%.29 A Tai-
wanese study showed recurrence of sigmoid volvulus in 12 
of 14 patients (86%) who refused operation after successful 
endoscopic decompression.5 A study from Greece reported 
on 15 of 33 patients with sigmoid volvulus who were treated 
with endoscopic decompression and discharged. Five of 
these patients (33.3%) suffered recurrent volvulus requiring 
emergency operation; of these patients, three (60%) died.30 

Figure 23-2. Barium enema study of a sigmoid volvulus indicating 
the bird’s beak deformity and complete obstruction to retrograde 
flow of contrast.
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A study from Riyadh, Saudi Arabia, reported that of seven 
patients with sigmoid volvulus who were initially decom-
pressed endoscopically and then refused elective surgery, 
three recurred (43%); these underwent repeat decompression 
followed by elective resection.15 A recent study from Ireland 
reported a recurrent volvulus rate of 86.6% (13 of 15) in sig-
moid volvulus patients initially managed with endoscopic 
decompression alone who survived the initial hospitalization.31

The high rate of revolvulus after detorsion alone, cou-
pled with a mortality rate over 20% for emergent surgery 
compared to 6% or less with elective resection4,17,20,30, has 
prompted most surgeons to proceed with elective sigmoid 
resection during the same hospitalization for most patients. 
Complete colonoscopy should be performed prior to opera-
tion to rule out synchronous lesions that would alter manage-
ment. The standard elective surgical procedure is sigmoid 
resection with primary anastomosis, which may be accom-
plished with open technique, or laparoscopic technique if the 
colon is sufficiently decompressed.32,33 Patients successfully 
endoscopically decompressed prior to definitive resection 
have an incidence of recurrent volvulus close to zero.4,17,20,30 
However, in the setting of megacolon, total abdominal colec-
tomy is the recommended procedure; otherwise, the patient 
is at very high risk of recurrent volvulus. Ryan reported 66 
consecutive patients with sigmoid volvulus from Melbourne, 
six of whom had megacolon. He noted that in the non-mega-
colon group, flatus tube decompression was usually success-
ful, and sigmoid resection was curative of the volvulus. In the 
megacolon group, patients had recurrent episodes of volvu-
lus, tube decompression was less successful, and symptoms 
including revolvulus occurred after sigmoidectomy.7 Morris-
sey reported on the postoperative course of 29 patients after 
surgery for sigmoid volvulus. There was an overall recur-
rence rate of 36%. In patients who had an otherwise normal 
colon, the recurrence rate was 6%, but in those with megaco-
lon who had undergone resection of only the sigmoid colon, 
recurrence was 82%. Morrissey noted that no recurrence 
occurred in those with megacolon who had undergone sub-
total colectomy.6 Chung et al. reported on 35 patients from 
Singapore with sigmoid volvulus. Of patients who under-
went sigmoid resection, six had recurrent volvulus. Chung 
found that concomitant megacolon and megarectum were 
significant predictors of recurrence.5 Strom et al. reported a 
30-year experience with 129 patients suffering 163 episodes 
of sigmoid volvulus, noting that sigmoidectomy resolved 
volvulus “only if bowel atony was limited to the segment 
removed.” Megacolon required subtotal colectomy to avoid 
volvulus recurrence.8

A number of non-resectional techniques have also been 
described for the treatment of sigmoid volvulus. These 
include surgical detorsion without resection or fixation, or 
detorsion with methods of either sigmoid or mesenteric fixa-
tion. The described techniques of sigmoid fixation include 
extraperitoneal sigmoidopexy16; nonsurgical endoscopic 
sigmoidopexy with or without tube fixation34,35; parallel 

colopexy to the transverse colon (Figure 23-3);36 laparoscopic 
fixation;37 fixation of the sigmoid colon to the abdominal 
wall with bands of prosthetic with or without percutaneous 
colon deflation;38 and percutaneous endoscopic colostomy.39 
Mesenteric fixation techniques include mesosigmoplasty 
and mesenteric fixation (Figure 23-4A and B).40,41

All nonresectional techniques are associated with high 
morbidity and/or high recurrence rate. Hiltunen reported on 
58 patients from Finland with sigmoid volvulus, of which 21 
were treated with detorsion with or without fixation.29 This 
group had 24% recurrence, compared to 5% recurrence after 
sigmoidectomy. A 2007 report from Turkey cited 36% of 
recurrent volvulus after surgical detorsion as the only treat-
ment.18 Remes-Troche et al. reported 25 cases of sigmoid 
volvulus, of which 12 were treated with surgical fixation 
only. Recurrence after fixation was 38% at 12 months and 
69% at 24 months, with associated 50% mortality.42 In a 
large series from Turkey, 31 patients treated with mesosig-
moidopexy had a recurrence rate of 16.1%.18 A retrospec-
tive review from Varanasi, India, showed a recurrence rate of 
38.5% (5/13) after colopexy alone.43 In a recent report of 27 
patients who underwent percutaneous endoscopic colostomy 
(PEC) for a number of indications, no recurrence of sigmoid 
colon volvulus occurred in eight cases with a PEC tube in 
place. However, mortality was 26% in the overall group; 
two deaths were from fecal peritonitis. Morbidity was also 

Figure 23-3. Parallel colopexy as described by Mortensen.36
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 significant; 77% had episodes of infection which led to tube 
removal in 44%.39 The only prospective randomized trial in 
the literature comparing mesosigmoidopexy with resection 
and primary anastomosis in sigmoid volvulus without gan-
grene indicates that sigmoid resection bears the lowest risk 
of recurrence of sigmoid volvulus.44

It is important to understand that the search for alternatives 
to resection for sigmoid volvulus was based on historical 
rates of morbidity and mortality. Considering that modern 
surgical and anesthetic techniques have significantly reduced 
surgical complication rates, it seems clear that resection after 
decompression provides near-zero risk of recurrence with 
acceptable morbidity and mortality rates.17,20,30

If endoscopic decompression is unsuccessful or visualizes 
gangrenous mucosa, the situation is a surgical emergency 
and efforts at detorsion should be halted and preparation 
of the patient for surgery should be expeditiously done. 
Exploration should be done via a midline laparotomy inci-
sion, or potentially by laparoscopy if the patient is hemo-
dynamically stable. If the bowel appears viable or possibly 
viable, the twist should be reduced. While some surgeons 
advocate sigmoidopexy for a viable sigmoid, the recurrence 
rate is high and so most surgeons favor sigmoid resection. 
The decision for anastomosis versus Hartmann’s procedure 
should be based on standard surgical criteria: the presence 
of good blood supply, absence of (or minimal) peritoneal 
soilage, reasonable nutritional status, and absence of shock 
would suggest that anastomosis is reasonable. When consid-
ering stoma formation, it should be remembered that many 
of the stomas formed in this setting will be permanent, as 
infirm patients with other medical comorbidities will rarely 
become candidates for stoma closure. The usual maneuvers 

used for selecting stoma location are often difficult to employ 
 preoperatively, given the abdominal contour and urgency of 
the patient’s situation. The bowel is often quite dilated, and 
a large opening in the abdominal wall may be required for 
a colostomy. This leads to a higher incidence of parastomal 
hernia.

Both morbidity and mortality are higher for emergent 
operations for sigmoid volvulus, compared to those for the 
elective or semi-elective setting. Deaths and complications 
increase further if gangrenous colon is encountered. A study 
of volvulus in urban Australia showed a mortality of 36% in 
patients operated emergently for sigmoid volvulus.4 Gross-
man’s study of sigmoid volvulus in VA medical centers 
showed 24% mortality for emergency operations, compared 
to 6% for elective operations after decompression. Mortality 
was positively correlated with emergency surgery (p < 0.01) 
and necrotic colon (p < 0.05).20 In a report on 33 sigmoid 
volvulus patients from Greece, mortality after emergency 
operations was 40% and that after elective operations was 
5.9%. However, if the sigmoid colon is found to be viable, 
sigmoidectomy and primary anastomosis have a good out-
come and avoid the morbidity of a second surgery for stoma 
closure.30 A study from Guinea showed that emergency sig-
moid resection with primary anastomosis was well toler-
ated in the absence of gangrenous sigmoid, with mortality 
of 12.5%; however, in the presence of gangrene, the mortal-
ity rose to 33.3%.44 In a 2009 study from Ireland, six of ten 
patients undergoing emergency surgery for sigmoid volvulus 
without decompression had sigmoidectomy with primary 
anastomosis. There were no deaths, wound infections, or 
anastomotic leaks in this group.31 Oren’s study of sigmoid 
volvulus includes patients treated over a 38-year span. In this 
large group, 36 patients with gangrenous sigmoid colon had 
sigmoidectomy with primary anastomosis. While mortality 
in this group was 21.6%, Oren notes that all deaths occurred 
in the earliest years of the series.18 Kuzu et al. reported 106 
patients from Ankara, Turkey, who underwent emergency 
sigmoidectomy for volvulus without preoperative decom-
pression; 57 patients had a primary anastomosis performed. 
Mortality was 6.6%, but rose to 11% if the bowel was gangre-
nous. A higher rate of wound infection and intra-abdominal 
abscess was also seen in the group with gangrenous bowel.45 
These studies support that good outcomes can be achieved 
with primary anastomosis at the time of emergent sigmoidec-
tomy for sigmoid volvulus with careful patient selection.

Caring for the pregnant patient with sigmoid volvulus 
presents the challenge of managing two patients at once. An 
argument can be made for endoscopic detorsion in the first 
trimester if mucosa is viable, with an attempt to delay defini-
tive management until the second trimester, when the risk to 
the fetus is less. In the case of sigmoid volvulus in the third 
trimester, nonoperative therapy should be pursued when pos-
sible until fetal maturity; then delivery and definitive vol-
vulus management can be undertaken.12 Ischemic sigmoid 
colon is managed with Hartmann’s procedure.

Figure 23-4. Mesosigmoidoplasty. A A longitudinal peritoneal 
incision made in the elongated, narrow mesentery. B The incision is 
then closed transversely, broadening the mesenteric base and short-
ening the height of the sigmoid loop.
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Ileosigmoid Knotting

Epidemiology/Pathogenesis

Ileosigmoid knotting, also called “compound volvulus” or 
“double volvulus,” although these are now considered mis-
nomers, is unusual in the West. It is more common in certain 
areas of Africa, Asia, and the Middle East, although still quite 
rare. Patients with ileosigmoid knotting are younger than those 
with sigmoid volvulus, and the condition is more common in 
males.46–48 In this condition, loops of ileum and sigmoid colon 
wrap about one another, causing a double obstruction of both 
the ileum and the sigmoid. Four patterns of ileosigmoid knot 
formation have been described, which differentiate between 
an active or passive segment of bowel and the direction of 
rotation (Figure 23-5A–D).49,50 The ileum is most commonly 
the active component and wraps around the sigmoid.49,51 Less 
commonly, the sigmoid wraps around the ileum. In either 
instance, the direction of the wrap may be clockwise or 
counterclockwise. Endoscopic reduction attempts are always 
unsuccessful, and the diagnosis of ileosigmoid knot should be 
considered when endoscopic reduction has failed. Theories 
of pathogenesis center on the typical diet of the regions where 
ileosigmoid knotting is most common: a large volume diet 
high in bulk and carbohydrates, associated with large vol-
umes of concomitant liquid ingestion. It is postulated  that as 

the stomach  contents empty into the  jejunum, the weight pulls 
the bowel into the left paracolic gutter. Empty distal loops of 
small bowel are then displaced around a narrow based sig-
moid. Continued peristalsis leads to further rotation of the 
loop, internal herniation, and knot formation. Another theory 
suggests that relatively rapid ingestion of large amounts of 
food and liquid, as in regions where a single daily meal is 
the norm, allows the sigmoid colon to volvulize due to the 
abruptly increased weight of luminal contents.49,52

Diagnosis

Presentation is acute, with distention, nausea and vomit-
ing, and severe abdominal pain which may be colicky in 
nature. In contrast to other forms of volvulus, there is an 
absence of previous similar episodes. Patients often pres-
ent in shock with signs of an intra-abdominal catastrophe, 
including acidosis, hypotension, and tachycardia. Preopera-
tive diagnosis is difficult due to the rarity and complexity of 
the problem. Characteristic radiographic features have been 
described, consisting of a double obstruction with a dis-
tended obstructed sigmoid loop pulled toward the right and a 
proximal small bowel obstruction on the left.53 In practice, 
X-rays are often atypical and difficult to interpret. Only one 
of 15 patients in an Ethiopian review had radiologic findings 

Figure 23-5. Ileosigmoid knotting: these schematic illustrations indicate the four terms of knotting. The active ileum may rotate around 
the sigmoid colon in either a clockwise A or a counterclockwise B direction. Much more frequently, the sigmoid colon may act as the 
active loop and rotate in either a clockwise C or a counterclockwise D direction around the ileum.
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of combined small and large bowel obstruction,47 and only 
three of seven in an Indian series.54 A diagnostic triad has 
been proposed, consisting of a clinical small bowel obstruc-
tion, a radiographic colon obstruction, and the inability to 
pass a sigmoidoscope to decompress a suspected sigmoid 
volvulus.48 In practice, the diagnosis is made correctly in 
fewer than 20% of patients, and over 70% have gangrenous 
bowel at surgery.46–51

Treatment and Outcome

Patients who present in this manner should be urgently 
resuscitated and taken for exploration. Treatment recom-
mendations range from simple double detorsion to double 
resection. Advocates of enbloc resection without detorsion 
reason that attempts to untie the knot are time consuming 
and difficult, may contribute to systemic release of endotoxin 
with worsening of shock, and increase the risk of bowel per-
foration and peritoneal contamination. However, others have 
recommended detorsion if one or both segments are felt to be 
viable. Deflation of the involved segments has been shown to 
assist in detorsion and diminish the risk of perforation.47,48,55 
The data on recurrence after detorsion alone are conflicting. 
Some authors advocate sigmoid resection in all cases, even if 
the sigmoid is viable, to eliminate the risk of recurrent knot 
or simple sigmoid volvulus in future.46,48,56

Primary small bowel or ileocolic anastomosis is per-
formed in nearly all patients with gangrenous ileum. Histori-
cally, Hartmann’s procedure has been the most commonly 
performed operation when nonviable sigmoid colon is 
found,47,51,55 although more surgeons are now performing pri-
mary colonic anastomoses in this setting.48,50 There appears to 
be a risk of thrombosis of the superior rectal artery or inferior 
mesenteric artery, prompting some authors to recommend 
resection of the sigmoid well beyond the areas of twisting or 
gangrene to ensure adequate vascular supply.46,48,49,54

Overall surgical mortality ranges from 30 to 50%.49,50,55 
However, when the colon is not gangrenous, the mortality 
is lower, approximately10–30%. Several older studies have 
showed an inverse relationship between duration of symp-
toms and mortality,49,52 although a smaller, more recent study 
from India did not bear that out.48 In general, outcome is 
poorer when gangrenous colon is present. Finally, if exten-
sive gangrenous small bowel is found, leaving less than 
60 cm of viable small bowel, the mortality rate was 100%.49

Cecal Volvulus

Epidemiology/Pathogenesis

Cecal volvulus is the second most common site of colonic 
volvulus, and technically consists of volvulus of the termi-
nal ileum, cecum, and proximal right colon. Two variants 
exist: a true axial rotation of the terminal ileum, cecum, and 
proximal right colon around its mesentery (Figure 23-6A), 

and cecal bascule, which is an anteriosuperior folding of a 
mobile cecum over the proximal right colon without axial 
rotation (Figure 23-6B). The rotation of a cecal volvulus 
is most commonly clockwise around the mesenteric axis. 

Figure 23-6. A Schematic illustration of a cecal volvulus; B Schematic 
illustration of a cecal bascule.
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Cecal bascule accounts for approximately 10% of cases of 
cecal volvulus2 and is less likely to present with vascular 
compromise. Individuals with cecal volvulus are several 
decades younger than patients with sigmoid volvulus, with 
a female:male ratio of 1.4:1.57 While the gender ratio seems 
unchanged, more recent series have described a patient popu-
lation that is increasing in age. The mean age in a 1984 series 
was 46.7 years,58 whereas a 1990 series from Israel included 
patients of a mean age of 53 years.57 While the seven patients 
in a 2000 Taiwanese report had a mean age of 63.4 + 17.3 
years,59 more recently a series from France reported a mean 
age of 64 years in their 45 patients60 and a Spanish series of 
18 cases reported a mean age of 63.3 years.61

Mobility of the cecum is required, but that feature alone 
is not sufficient to cause a clinically apparent volvulus: a 
cadaver study revealed an 11% incidence of freely mobile 
right colons and a 26% incidence of cecal mobility sufficient 
to allow anterior folding.2 Previous abdominal surgery is 
felt to be a major risk factor for cecal volvulus: in published 
reports of cecal volvulus, 30–70% of patients had a history of 
abdominal surgery. Other risk factors include chronic consti-
pation, obstructing colon lesions, and malrotation. Upward 
displacement of the cecum by an enlarged uterus or other 
pelvic mass may also promote cecal volvulus. Several series 
have reported that 10% of patients with cecal volvulus are 
pregnant at presentation.

Diagnosis

As with sigmoid volvulus, presentation may be that of an 
acute obstruction or one of an intermittent, recurrent pat-
tern. Abdominal distention is generally less marked than 
that with volvulus of more distal colonic segments. The 
acute presentation is of a closed loop obstruction with 
vascular compromise. Abdominal pain, distention, obsti-
pation, nausea, and vomiting are common signs. If inter-
vention is not timely, ischemia may progress to gangrene. 
With the intermittent pattern, duration of symptoms may 
be relatively brief, and diagnosis may, therefore, be dif-
ficult to gain.

Diagnosis is most often made on the basis of clinical pre-
sentation and plain films. Plain abdominal radiographs may 
identify the classic “coffee bean” deformity directed toward 
the left upper quadrant (Figure 23-7). While nearly half of 
the plain films suggest the diagnosis,58,62 fewer than 20% are 
clearly diagnostic.57,60 Contrast enema increases the preop-
erative diagnostic rate, showing a “bird’s beak” type cutoff 
in the right colon (Figure 23-8), and may be employed in 
stable patients when the diagnosis is in question. CT scan 
has become much more common in the setting of nonspe-
cific abdominal pain and distention (Figure 23-9). CT scan 
findings in cecal volvulus include the location of the cecum 
within the abdomen, the “bird’s beak” cutoff, and the “whirl 
sign” of mesenteric torsion.63 However, about half of the 
patients with cecal volvulus have the diagnosis made in the 
operating room.

Figure 23-7. Plain abdominal X-ray of a cecal volvulus with “cof-
fee bean” deformity evident in the left upper quadrant.

Figure 23-8. Barium enema study of a cecal volvulus revealing a 
bird’s beak deformity.
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Diagnosis of cecal volvulus in the pregnant patient is most 
often made in the operating room after clinical deterioration. 
Radiologic studies normally performed in the evaluation of 
most patients with abdominal pain are often deferred. A case 
can be made for judicious use of radiologic evaluation of 
the pregnant abdomen when trying to diagnose the cause 
of abdominal pain and vomiting in the pregnant patient.64,65 
Diagnostic laparoscopy is also a viable alternative when the 
pregnant patient has an acute abdomen.64

Treatment and Outcome

While less efficacious than endoscopic detorsion of more 
distal colonic volvulus, colonoscopic reduction of cecal 
volvulus has been reported with some success. Reasons 
cited for limited use of this approach include difficulty in 
traversing the unprepared bowel to reach the right colon, 
difficulty in performing the detorsion, lack of clear diag-
nosis, and a higher rate of ischemia in cecal volvulus.2,42,66 
Some authors feel that this approach simply delays defini-
tive surgical management and places the patient at higher 
risk for perforation. Proponents feel that when success-
fully employed, there may be a relatively low rate of 
recurrence, and the subsequent need for surgery may be 
debatable.67

Cecal gangrene mandates resection, and in most cases 
 primary anastomosis can be safely done. In the circumstance 
of a malnourished and/or anemic patient or in the presence 
of other factors that may adversely affect healing, ileostomy 
with or without mucus fistula may be appropriate. Resection 
carries no risk of recurrence, and postoperative morbidity is 
similar to the morbidity following fixation techniques.60 In 
a series of 45 patients from France, 51% had gangrenous 

colon. All 45 patients underwent right colectomy and 43 of 
these had a primary anastomosis. Mortality was 6.6% and 
morbidity was 20%, including two anastomotic leaks.60

If the cecum is viable, detorsion with or without fixation 
may be considered. Detorsion alone carries a recurrence 
rate as high as 25%.58 Fixation is generally performed by 
cecopexy and/or cecostomy tube placement (Figure 23-10). 
Cecopexy is done by raising a flap of peritoneum along 
the length of the right colon and suturing it to the serosa 
of the anterior right colon, effectively placing the right 
colon in a partially retroperitoneal position, eliminating 
the abnormal mobility. Tube cecostomy both anchors the 
cecum and provides a vent for the distended colon. Propo-
nents of cecostomy find it easy to perform, and note that 
spontaneous closure of the cecocutaneous fistula is com-
mon after tube removal. However, the rate of recurrent 
cecal volvulus after cecostomy is significant, and manage-
ment of the tube and its complications can be troublesome. 
Rabinovici’s review of cecal volvulus cited a 12–14% rate 
of volvulus recurrence after operative detorsion, cecopexy, 
or cecostomy.57 He also noted that patients undergoing 
cecostomy had a mortality rate of 32% – triple the rate of 
mortality after cecopexy (10%) or detorsion alone (13%). 
Ostergaard found a higher mortality after detorsion alone 
(14.2%), and also after cecostomy alone (66.6%) compared 

Figure 23-9. Typical CT findings in cecal volvulus include bird’s 
beak cutoff and location of the cecum on the left side.

Figure 23-10. Cecopexy and cecostomy for cecal volvulus.
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to that after cecal resection (7.2%). There were no deaths 
after cecopexy alone. He concluded that resection gave the 
best long-term results.68

Transverse Colon and Splenic Flexure Volvulus

Epidemiology/Pathogenesis

Volvulus of these colonic segments is exceptionally rare. 
Transverse colon volvulus is estimated to account for 1–4% of 
all colonic volvulus, and splenic flexure volvulus for approx-
imately 1–2%. Patients with these disorders are younger than 
patients with cecal or sigmoid volvulus, with a two- to three-
fold female predominance.2,66,69 Common historical points in 
patients with transverse colon volvulus include chronic con-
stipation, previous abdominal surgery, institutionalization, 
high fiber diet, and recurrent distal obstruction. In patients 
with splenic flexure volvulus, previous abdominal surgery 
is common, and chronic constipation is also felt to increase 
risk, possibly by leading to redundancy and elongation of 
the colon. Reports in the literature speculate on associations 
with malrotation, Hirschsprung’s disease, and Chilaiditi 
syndrome. Demetrius Chilaiditi first described hepato-dia-
phragmatic interposition of bowel in 1910 as an incidental 
radiographic finding. This radiographic entity is known as 
Chilaiditi’s sign. When this interposed bowel is symptom-
atic, it is termed Chilaiditi syndrome. Chilaiditi syndrome is 
more prevalent in men, the elderly,70 and perhaps the obese.71  
A retrospective study of 850 abdominal CT scans found 
hepato-diaphragmatic interposition of bowel in ten patients 
(0.12%). Eight of the ten patients were men; five had a BMI 
greater than 28.5, and three had had a BMI between 25 and 
27.5 sometime in their lives. There are a number of case 
reports of Chilaiditi syndrome with transverse colon and 
splenic flexure volvulus in the surgical literature, cautioning 
a high index of suspicion for volvulus when this radiographic 
finding is noted in symptomatic patients.72

Clinical presentation of volvulus of the transverse colon 
or splenic flexure is that of a large bowel obstruction. As 
with sigmoid and cecal volvulus, presentation may be acute 
and fulminating, or may be a subacute recurring process, as 
is seen in up to 50% of patients. In the acute form, there 
is less distention than is seen in the subacute form, pain is 
more marked, and vomiting is usually present. Clinical dete-
rioration is rapid in this setting. The subacute form usually 
has a gradual onset with milder pain, but significantly more 
abdominal distention, perhaps due to colon elongation from 
repeated episodes; vomiting is usually absent.

Diagnosis

Plain films are rarely diagnostic and may reveal a distended 
proximal colon with decompressed distal colon, and two air-
fluid levels, representing the right colon or right transverse 
colon, and the left transverse colon.73 More often, the films 

may be misinterpreted as a sigmoid volvulus due to the 
variable position of the transverse colon. Patients may then 
undergo colonoscopy with no clear transition point seen in 
the sigmoid colon. In this situation, further attempts to iden-
tify a transition point should be terminated, and a contrast 
study should be obtained. Contrast enema will show a bird’s 
beak deformity at the site of the twist. However, definitive 
management of an acutely ill patient should not be unduly 
delayed to obtain these studies.

Treatment and Outcome

Successful endoscopic decompression has been reported 
with both transverse colon and splenic flexure volvulus. 
However, as with cecal volvulus, there are the same con-
cerns of  difficulty in traversing unprepared bowel, difficulty 
in  performing detorsion, and the possibility that the diagno-
sis may not be clarified. There is a risk of excessive insuf-
flation causing cecal distention and vascular compromise. 
Also, based on the outcomes of endoscopic detorsion else-
where in the colon, it may be assumed that a high risk of 
post-decompression recurrence remains.

Operative procedures include resection, and detorsion 
with or without colopexy. Resection is mandatory if gangre-
nous bowel is found. Most authors recommend either trans-
verse colectomy or extended right colectomy as definitive 
treatment for transverse colon volvulus, as this resection 
eliminates virtually all risk of recurrence. Mortality has been 
reported as high as 33% in the presence of gangrenous colon, 
but in most reports, it is much lower.74,75 If the colon is viable, 
mortality is approximately 6%,66 similar to that seen follow-
ing resection of other volvulus of other colonic segments. 
The affected colon in splenic flexure volvulus is more likely 
to be redundant and dilated than in transverse colon volvu-
lus. For this reason, patients with splenic flexure volvulus 
may be best served with an extended resection and ileosig-
moid or ileorectal anastomosis.76 Stomas should be reserved 
for cases in which perforation and peritoneal contamination 
are encountered, or for other high-risk cases.
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24
Lower Gastrointestinal Hemorrhage
Craig A. Reickert and Melissa Times

Lower gastrointestinal bleeding (LGIB) is defined as measurable 
bleeding from a source distal to the ligament of Treitz. LGIB 
is a broad term used to encompass the spectrum of symptoms 
ranging from minimal bleeding noticed on bathroom tissues 
associated with hemorrhoids to massive bleeding encoun-
tered with diverticular hemorrhage. Etiologies range from 
the rare small-bowel tumors to the frequently identified diver-
ticular sources. To complicate matters further, the bleeding 
may be intermittent, leading to a challenging diagnostic and 
management dilemma.

Epidemiology

A population-based study examining the inpatient hospital 
records of 2,115 patients from 1990–1993 in a California 
health maintenance organization found the annual incidence 
rate of LGIB was 22.5 per 100,000 (0.02% of hospitaliza-
tions).1 The three most common etiologies were diverticu-
losis (41.6%), colorectal malignancy (9.1%), and ischemic 
colitis (8.7%). The largest study and only nationwide analysis 
of LGIB is an examination of the Department of Veteran 
Affairs discharge data from 1988 to 1991 that found 17,941 
patients or 0.7% of all discharges were for LGIB. The three 
most common etiologies were diverticulosis (60%), inflam-
matory bowel disease (13%), and anorectal sources (11%).2

Increasing age is cited frequently as a risk factor for LGIB 
with many studies reporting mean age greater than 60.3–7 The 
common etiologies of LGIB such as diverticular disease are 
seen more frequently with advancing age.8 Male gender is an 
inconsistent demographic factor with studies showing both a 
predominance of males with LGIB1,9,10 and no statistical dif-
ference between males and females with LGIB.7,11,12 Race 
has not been noted to be a predisposing factor for LGIB.9,11,13 
However, in the population-based study by Longstreth, The 
Acute Lower Gastrointestinal Bleeding Retrospective Anal-
ysis (ALGEBRA), and the American College of Gastroenter-
ology Bleeding Registry, demographic information on race 
was not reported.1,5,14

Etiology

Diverticular Disease

The prevalence of diverticulosis at age 40 is less than 10% 
and increases to 50–66% at age 80.15 LGIB from diverticu-
losis is noted in up to 17% of patients based on a review of 
over 6,000 patients with diverticular hemorrhage.16 Diver-
ticular bleeding as a source of LGIB occurs in 20–60% of 
cases.2,8 In 75% of patients, bleeding will cease spontane-
ously.17 Rebleeding rates after the first episode are 25%18 and 
increase to 50% after two episodes.19

Diverticular bleeding relates to the development of pseudo-
diverticula in areas of weakness in the colonic wall where the 
vasa recta, the intramural branches of the marginal artery, 
course through the muscular layers to the mucosa and sub-
mucosa. At the site of the diverticulum, the vasa recta travel 
in the serosa with no significant tissue between the mucosa, 
the vasa recta, and the lumen of the bowel. Asymmetric and 
eccentric rupture of the vasa recta leads to intraluminal, and 
not peritoneal, hemorrhage.20 Anecdotally, bleeding diver-
ticula are attributed to mostly right-sided disease despite the 
greater propensity to have left-sided diverticula. However, 
it is difficult to find overwhelming support for this assump-
tion. McGuire’s17 article from 1994 found nine patients with 
bleeding diverticula proximal and nine patients with bleeding 
distal to the splenic flexure. Longstreth’s population-based 
study noted four patients with proximal bleeding and eight 
patients with left-sided colonic bleeding.1 Information 
regarding location of diverticular bleeding is frequently not 
included in studies examining diverticular and lower gastro-
intestinal bleeding.9,12,21,22

Anorectal

Anorectal sources commonly include hemorrhoids, anal  
fissures, and rectal ulcers. They are the etiology of LGIB 
in 11–17% of patients.2,6,7 Hemorrhoids were noted in 21% 
of patients with LGIB in an urban emergency medical center.9 
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Bleeding from hemorrhoids or fissures is uncommonly 
associated with hemodynamic instability or large volumes 
of blood loss. Rectal ulcers can cause severe hemorrhage 
associated with hemodynamic instability, with almost half 
of them being identified by stigmata of recent hemorrhage,23 
although the etiology of the ulcers is multiple and not fre-
quently defined in the literature in bleeding patients. Careful 
historical elucidation of radiation treatment, sexually trans-
mitted diseases (STDs), anorectal trauma, nonsteroidal 
anti-inflammatory drugs (NSAIDs) exposure, liver disease 
associated with rectal varices, and other uncommon etiolo-
gies must be included in evaluations.

Hemorrhoids are sinusoids and do not have muscular 
walls.24 They are present at birth, and over time, the anal 
support weakens, causing internal hemorrhoids to move 
distally in the anal canal. The skin and mucosa are stretched 
causing growth of new fibrous and sinusoidal tissue. Eventu-
ally, the internal hemorrhoids slip past the anal verge and are 
subjected to trauma, which can lead to disruption of the sinu-
soids and arterial bleeding.25,26 Hemorrhoidal bleeding is gen-
erally limited to bleeding with bowel movements, although 
patients may describe spraying or splattering of blood in the 
bowel (see Chap. 11).

Angiodysplasia

Studies from the late 1980s demonstrated rates of docu-
mented angiodysplasia varying from 15 to 27% of patients 
with LGIB.27–30 However, more recent and larger studies have 
reported lower rates of angiodysplasia as an etiology of LGIB. 
A study of 1,112 patients in an urban setting reviewed the 
etiology of LGIB during two periods: 1988–1997 and 1998–
2006. The rate of angiodysplasia decreased from 4.76% 
in the earlier period to 2.3% in the most recent period.9  
In the Veteran Affairs study, angiodysplasia was the source 
of LGIB in only 3% of patients.2

Angiodysplasias are vascular ectasias that can occur in 
the small- and large-bowel mucosa and submucosa. Small-
bowel angiodysplasia is a common source of obscure gas-
trointestinal bleeding with up to a third of patients having 
this diagnosis.31–33 Colonic angiodysplasia has a prevalence 
of 1% in the general population34 with a tendency for right-
sided lesions.35–37 Angiodysplasia had been thought to be 
associated with aortic valvular disease and renal failure, but 
these associations have not been found in more statistically 
rigorous studies.38,39

Malignancy

Colorectal cancers are a source of LGIB in 9.1–13.6% of 
patients1,2,9 and are associated with ulcerated tumors. As a 
symptom, rectal bleeding is seen in 6.5–17% of patients 
diagnosed with rectal cancer.40,41 Colorectal cancer and ade-
nomas greater than 1.0 cm were found in 13.3 and 20.5% 
of 405 patients who underwent a colonoscopy for bleeding,42 

although benign polyps are not commonly associated with 
bleeding and are simply identified during workup.

Ischemic Colitis

Ischemic colitis as an etiology of LGIB occurs in 9–18% of 
patients.1,43,44 The annual incidence of acute large-bowel isch-
emia in a California-based HMO was 15.6/100,000 patient 
years with increasing incidence associated with age. Patients 
presented with abdominal pain (87%) and bloody bowel 
movements (84%) without diffuse peritonitis. There are 
multiple etiologies of ischemic colitis that affect both young 
and old patients: shock, autoimmune diseases, coagulopa-
thies, long-distance running (with associated dehydration), 
mesenteric venous thrombosis, acute arterial thrombosis, 
emboli, small vessel disease, and cocaine use.45,46 Despite 
the multitude of etiologies, the typical patient with colonic 
ischemia is either an elderly patient or a patient with mul-
tiple comorbidities such as cardiovascular disease, hyperten-
sion, and renal failure.45,47,48 Further support for the typical 
patient description was noted in Longstreth’s population-
based study of gastrointestinal ischemia where the average 
age was 69 and patients who were admitted for another dis-
ease process had an odds ratio of 7.48 (95% CI 2.19–25.54) 
for developing severe lower gastrointestinal ischemia after 
admission.1 Other hospitalized patients with increased risk 
for ischemic colitis are patients undergoing open and endo-
vascular abdominal aortic aneurysm repair for nonruptured 
aneurysms. These patients have an incidence of ischemic 
colitis of 2–3% in open procedures and 1.3–2.9% in endo-
vascular interventions.49–54

In the literature, the described location of ischemic colitis 
is variable: right-sided, 8–14%, splenic flexure 23–28%, and 
left-sided, 50–87%.55–57 Knowledge of the arterial blood sup-
ply and areas of collateral circulation is necessary to under-
stand the potential areas for insult and the high likelihood 
of anatomic variations. In a cadaver study by Nelson et al.58 
only 22, 24, and 16% of dissected specimens had the typi-
cal branching of the celiac, superior mesenteric, and inferior 
mesenteric arteries respectively. In addition, colonic blood 
supply is dependent on interconnection of the perfusing ves-
sels by the marginal artery of Drummond, which connects 
the superior and inferior mesenteric arteries through a series 
of arcades. At the splenic flexure, there is an area without 
vasa recta in 11% of individuals, which makes the area more 
susceptible to ischemic insult. The arc of Riolan is an artery 
connecting the left branch of the middle colic artery to the 
inferior mesenteric artery. It is present in only 7% of indi-
viduals but can allow acceptable perfusion in the absence 
of other collaterals. The highly variable arterial anatomy of 
the colon makes it susceptible to ischemia as a complication 
of surgical and angiographic procedures used to treat LGIB, 
which can compound the management considerations.

Acute mesenteric ischemia (small-bowel ischemia) can 
be either occlusive or nonocclusive. Occlusive mesenteric 
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ischemia due to either embolization or thrombosis constitutes 
50 and 25% of the cases of acute ischemia, whereas nonoc-
clusive mesenteric ischemia and venous thrombosis account 
for 20 and 5% of the cases. Differentiating between occlu-
sive and nonocclusive disease is imperative, since occlu-
sive disease is managed emergently with surgery.59 Massive 
bleeding from small-bowel ischemia is not likely to resolve 
spontaneously and may be a manifestation of transmural 
ischemia of the small bowel.

Other Colonic Etiologies

Postpolypectomy bleeding after colonoscopy ranges from 
0.08 to 0.87% with mortality in a large Canadian study of 
over 97,000 colonoscopies estimated at 1/14,000.60,61 Post-
polypectomy bleeding accounted for 4.1% of cases in Long-
streth’s population-based study.1 In the large VA and urban 
emergency medical center studies, postpolypectomy bleed-
ing was not reported as a source of LGIB.2,9

Bleeding from a colorectal anastomosis requiring endo-
scopic therapy or surgery is rare with a rate of 0.5–1.8%.62–64 If 
bleeding persists after resuscitation, transfusion, and correc-
tion of any coagulopathy, endoscopy should be used to iden-
tify and stop the bleeding. Therapeutic interventions include 
cautery, endoclips, and epinephrine injection. If these mea-
sures fail, surgical management should be undertaken.

Gastrointestinal bleeding is a common presenting symp-
tom in ulcerative colitis and Crohn’s disease. However, acute 
hemorrhage with hemodynamic compromise is atypical. The 
studies evaluating gastrointestinal hemorrhage in inflamma-
tory bowel disease have small numbers of patients with the 
largest study including 38 patients reflecting this unusual 
event. Acute hemorrhage occurs in 0.9–6% of patients with 
Crohn’s disease65–67 and 1.4–4.2% for patients with ulcerative 
colitis.68–70 As a percentage of patients presenting with LGIB, 
Crohn’s disease accounts for 2.3–13% of cases with increas-
ing percentages associated with higher volume studies.1,2,9,69 
Bleeding occurred in both young and older patients and was 
not related to the duration of disease.70,71 Acute hemorrhage 
was the initial presentation of Crohn’s disease in 16–23.5% 
of patients and is generally associated with areas of active 
inflammation.72,73 Malignant lesions must also be considered 
in patients with long-standing history of inflammatory bowel 
disease (IBD) and LGIB.

Patients with human immunodeficiency virus (HIV)/
acquired immune deficiency syndrome (AIDS) have 
additional etiologies for LGIB. Two studies with 1,003 
HIV+ patients found the most common etiologies to be 
HIV-associated diseases: cytomegalovirus (CMV) coli-
tis, idiopathic colonic ulcers, lymphoma, and idiopathic 
colitis.74,75 Recurrent bleeding occurred in 17.6–22% of 
patients with mortality rates as high as 54.5%. Overall, the 
30-day mortality rate was three times higher (14.4 versus 
5%) for patients with HIV and LGIB than for the routine 
population.

NSAIDs commonly cause complications in the upper  
gastrointestinal tract. Documented adverse effects of NSAIDs 
on the lower gastrointestinal tract include increased gut 
permeability (44–70%), gut inflammation (60–70%), mal-
absorption (40–70%), and blood loss and anemia (30%).76 
A systematic review demonstrated the blood loss from 
NSAIDs and aspirin 325 mg was 1–2 ml/day, which was 
increased from the baseline level of 0.5 ml/day;77 5% of 
patients taking NSAIDs lost at least 5 ml/day. The MEDAL 
study was a randomized comparison of a cyclooxygenase 
(COX)-2 selective NSAID and a traditional NSAID with 
the primary gastrointestinal endpoint being lower gastroin-
testinal clinical events.78 Over 34,000 patients with osteoar-
thritis and rheumatoid arthritis were followed for 18 
months. Lower gastrointestinal bleeding was noted in 
0.27% of patients. A quarter of these patients had lesions 
presumed to be caused by NSAIDs such as ulcers, colitis, 
and enteritis. Diverticula were the most common source of 
bleeding. There was no placebo group in this large study, 
so the ability to estimate the increase in adverse events 
with NSAID use versus placebo was not available. A sys-
tematic review of 47 studies examining the use of NSAIDs 
and lower gastrointestinal (LGI) events found an increase 
in LGI events with NSAID use.79 However, the studies 
included in the review were varied; some were not origi-
nally designed to address the proposed hypothesis of the 
systematic review, and the studies of LGIB and NSAID 
use were either case-controlled or were unable to demon-
strate a relationship due to the small sample size.79 NSAID 
use is common, and physicians should be cognizant of the 
potential harmful effects of their use on the lower gastroin-
testinal tract.

Rectal injury due to pelvic radiation usually presents as 
bleeding and occurs in 95% of patients within 1 year from 
treatment. In most patients, bleeding will resolve, but in 
the minority of patients who go on to develop chronic 
radiation proctitis (5%), management is problematic and 
repetitive. Thermal coagulation with argon or Nd:Yag 
laser have been used with positive results.80,81 Topical for-
malin in 3, 4, and 10% also has been successful for ces-
sation of bleeding.82,83 Three or four percent formalin is 
instilled in 50-ml aliquots for a total of 500 ml. Due to 
the associated rectal discomfort, this method is usually 
employed with some type of analgesia. After each appli-
cation, the rectum is irrigated with normal saline. Another 
option (“Dab” method) is to use 16 Fr cotton-tipped appli-
cator that is soaked in 10% formalin. This is applied to 
the rectal mucosa through an anoscope or a proctoscope. 
The Dab method can be performed in the office without 
analgesia.

Success rates in both procedures range between 75 and 
90%. Surgical management is used as a last resort with high 
morbidity (65–80%) and mortality rates (6.7–13%).84–86  
 Surgical options include diverting stoma and limited 
 resections.87
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Obscure Gastrointestinal Bleeding

Obscure gastrointestinal bleeding (OGIB) is the bleeding not 
identified during colonoscopy or esophagogastroduodenos-
copy (EGD). OGIB accounts for 1.19–9% of LGIB with 
lower rates noted in larger studies.1,9,31,88 Angiodysplasia, 
small-bowel tumors, and ulcers/erosions are the three most 
common etiologies of OGIB.31,88,89 When diagnosing the 
source, patients with OGIB undergo more procedures than 
patients with upper gastrointestinal and colonic bleeding, 5.3 
versus 1.5 and 2.1, respectively (Table 24-1).89

The diagnosis of OGIB was limited to upper and lower 
endoscopy and conventional radiography until 2001, when 
capsule endoscopy and double balloon enteroscopy (DBE) 
were introduced. Prior to these two technical advances, 
intraoperative enteroscopy was used to identify bleeding in 
the small bowel. Indications for capsule endoscopy include 
OGIB, unexplained iron-deficiency anemia, and suspected 
Crohn’s disease, small-bowel tumors, or refractory malab-
sorptive syndromes.90 Contraindications are related to the 
structure and transmission signal of the capsule as well as 
the need for normal peristalsis for capsule efficacy. There-
fore, patients with swallowing disorders, pacemakers or 
implanted devices, obstruction, fistula, or stricture are not 
candidates for capsule endoscopy. Entrapment of the capsule 
occurs in 3.3% of procedures and is associated with Crohn’s 
disease, radiation, and NSAID-induced strictures.91,92 Indi-
cations for DBE include a positive capsule endoscopy and 
a high suspicion of a small-bowel source in the setting of a 
normal capsule study.93–96 DBE has the ability to perform 
therapies such as sclerotherapy, polypectomy, dilations, and 
clippings. DBE can be performed from anterograde (oral) 
or retrograde (rectal) approach. Patients undergoing the 
anterograde approach require a 6–8 h fast prior to the pro-
cedure, while those having a retrograde exam need a bowel 
preparation.

The diagnostic yield of capsule endoscopy and DBE is 
38–83% and 58%, respectively.97–99 Two meta-analyses com-
paring capsule endoscopy and DBE found similar diagnos-
tic yields.100,101 Recent articles have supported the position 
that the techniques are complementary and should be used 
together to identify small-bowel sources of bleeding.102,103 

Positive capsule endoscopy can direct the DBE approach 
(oral or rectal) depending if the lesion is in the proximal 
or distal small bowel based on capsule transit time.104 Cur-
rently, capsule endoscopy should be the first study ordered 
for OGIB. DBE is relatively new, not widely available, and 
associated with higher complication rates than diagnostic 
colonoscopy.105–107

Clinical Presentation, Physical Exam,  
and Management

LGIB has many presentations reflecting the diverse pathol-
ogy found in the upper and lower gastrointestinal tract. The 
variety of presentations creates a diagnostic and management 
quandary. Adding to the quandary is the variability noted in 
studies regarding the presentation, workup, and manage-
ment. The lack of randomized trials regarding diagnosis and 
management compounds the variability encountered with 
the presentation of LGIB.

Evaluation of a patient’s hemodynamic stability upon 
presentation is imperative. Patients presenting with syn-
cope, chest pain, pallor, shortness of breath, tachycardia, and 
changes in blood pressure with positioning are hemodynami-
cally unstable. Tachycardia and hypotension represent acute 
hemorrhagic shock associated with a blood loss of more than 
500 ml, or 15% of the total blood volume.108 These patients 
require two large bore IVs or central venous access for resus-
citation if peripheral access cannot be obtained. Continuous 
monitoring of vitals and urine output with a urinary bladder 
catheter are standard. Nasogastric tube (NG) placement has 
been recommended routinely to rule out an upper gastrointes-
tinal source of bleeding. In a retrospective cohort study, 220 
patients without hematemesis had a NG placed.109 Only 2% 
of patients had bright red blood, greater than 450 ml of blood, 
or difficulty clearing the gastric lavage. Eight patients had an 
aspirate of bile, which was considered negative. However, 
5 of these eight patients were found to have an upper gas-
trointestinal source of bleeding. The largest study (n = 1,190) 
evaluating NG tube aspirate found that 60% of patients with 
a negative aspirate had a lower gastrointestinal source.110 
However, 39% of patients with a negative aspirate were clas-
sified as having an unknown source of bleeding. Despite the 
results of these two studies, NG placement is a fast and inex-
pensive diagnostic test that if positive (clots, coffee ground 
emesis, blood), can quickly direct the workup toward identi-
fication of an upper gastrointestinal source. Upper gastroin-
testinal sources are seen in 11% of patients who present with 
a LGIB.111 The NG tube can be left in and used for the bowel 
preparation if an urgent colonoscopy is needed.

After intravenous access has been obtained, resuscita-
tion should start immediately. However, there are no sys-
tematic reviews, and only one randomized controlled trial 
evaluating the role of transfusions in gastrointestinal bleed-
ing is available.112 A Cochrane systematic review evaluating 

Table 24-1. Diagnosis by etiology for patients admitted to an urban 
emergency medical center, 1998–2006 8

Etiology N (%)

Diverticulosis 227 (37.34)
Hemorrhoids 128 (21.05)
Neoplasia  72 (11.84)
Colitis  65 (10.69)
Inflammatory bowel disease  33 (5.43)
Vascular ectasias  14 (2.30)
Other colonic disease  40 (6.58)
Small-intestine disease   8 (1.32)
Unknown  21 (3.45)
Total 608 (100)
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the resuscitation of trauma, burn, and surgical patients with 
either crystalloid or colloids found no survival benefit using 
colloids instead of crystalloids.113 Despite the lack of large, 
randomized trials evaluating transfusion requirements in 
patients with LGIB, there is mounting evidence that limit-
ing or eliminating transfusions lead to improved outcomes 
such as decreased mortality and morbidity.114–118 The trauma 
literature has demonstrated that blood transfusions are an 
independent predictor of infection, multisystem organ fail-
ure, increased intensive-care length of stay, and death.119–121 
Patients who managed nonoperatively for blunt splenic 
and hepatic injuries have increased mortality rates if they 
are transfused.122 A recent, risk-adjusted prospective study 
demonstrated a dose-dependent relationship between blood 
products transfused (blood, fresh frozen plasma, platelets) 
and increased mortality and infection.123 Based on studies in 
the medical and surgical literature, transfusion practices in 
LGIB should be evaluated, and the decision to transfuse a 
patient should occur after the risks and benefits are analyzed.

The patient’s history should be taken simultaneously with 
the placement of intravenous access and monitors if the 
patient is hemodynamically unstable. Important aspects of 
the history that should be elucidated are given as follows: 
frequency, volume, color and duration of bloody stools, 
comorbid conditions such as liver and cardiovascular disease, 
medication use such as clopidogrel, warfarin, and NSAIDs, 
and date of last colonoscopy/EGD.

Visual inspection of the perineum for prolapsed or throm-
bosed hemorrhoids, anal fissures, or masses are the first part 
of the anorectal exam. After visual inspection, digital rectal 
exam and anoscopy are performed. It is imperative to assess 
the anus, anal canal, and distal rectum prior to further diag-
nostic tests. Anoscopy can be performed efficiently at the 
bedside, and if a source is found, such as internal hemor-
rhoids, therapy can be provided.

Laboratory studies should include a chemistry panel, 
complete blood count, coagulation profile, and a type and 
cross. Any identified coagulopathies must be corrected with 
appropriate factors or products. Patients with cardiovascular 
disease should undergo an electrocardiogram, and if it turns 
out to be abnormal, cardiac enzymes are obtained.

After the initial clinical evaluation and review of labora-
tory values, the volume of hemorrhage can be classified into 
one of the following three groups: (1) minor and self-limited, 
(2) major and self-limited, and (3) major and ongoing.124 
Patients with minor and self-limited lower gastrointesti-
nal bleeding with no or minimal change in hematocrit are 
unlikely to be hemodynamically unstable. These patients 
can undergo a colonoscopy during their admission or as an 
outpatient. Patients with massive, ongoing bleeding who 
remain hemodynamically unstable after initial resuscitation 
need urgent diagnosis and treatment either with angiography 
or with surgery. Patients in the middle of the spectrum with 
major bleeding who are stable or their bleeding has ceased 
are the patients at the core of the diagnostic dilemma 

surrounding LGIB. The three common diagnostic tests that 
can be employed for identifying the etiology of a LGIB are 
colonoscopy, angiography, and nuclear scintigraphy.

Colonoscopy

Colonoscopy can be both diagnostic and therapeutic. 
The likelihood of identifying the source of bleeding with 
colonoscopy ranges from 45 to 95% with the majority of 
studies with greater than 100 patients showing diagnostic 
yield rates of 89–97%.8 The timing of colonoscopy is debat-
able. Urgent colonoscopy has been performed within 24 h, 
within 12 h, and after a fast oral purge, making comparison 
between studies challenging.13,21,43,88,111,125,126 In some stud-
ies, early colonoscopy has been associated with decreased 
length of stay.12,44 All studies evaluating urgent colonoscopy 
except one had patients undergo a bowel preparation, which 
would improve visualization and decrease the difficulty 
of the procedure and any endoscopic therapy. Endoscopic 
interventions were performed in 10–15% of patients who 
underwent an urgent colonoscopy.127 Interventions include 
heater probes, argon plasma coagulation, bipolar coagula-
tion, topical and intramucosal epinephrine, and endoclips 
(Figure 24-1). Overall complication rate of colonoscopy in 
LGIB is 1.3%.128

Patients with major, self-limited hemorrhage who have 
been resuscitated should undergo a bowel preparation with 
a polyethylene glycol solution and colonoscopy within 24 h. 
The goal of colonoscopy is to identify a source of bleeding 
and if possible, treat it endoscopically. If a bleeding source 

Figure 24-1. Clip applied to bleeding diverticular vessel.
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is noted, the area should be marked, and the patients who 
rebleed require emergent surgery. Anatomic localization 
during endoscopy has known limitations and errors, and 
without a definitive mark (clip or tattoo) resection can be 
prone to error.

Angiography

Angiography can be both diagnostic and therapeu-
tic (Figure 24-2). Angiography has both broad positivity 
(27–77%) and sensitivity (40–86%), with specificity being 
100%.18,128,129 For angiography to be positive, bleeding must 
occur at 0.5 ml/min or faster. Small, single-institution ret-
rospective studies have shown blood pressure less than 90, 
transfusion requirement greater than 5 units, and a blush 
within 2 min on nuclear scintigraphy to be associated with 
positive angiograms.130,131 Superselective embolization is the 
preferred treatment for positive angiograms. Recent studies 
have demonstrated success rates from 60 to 90%, rebleed-
ing rates of 0–33%, and significant ischemia of less than 
7%.132,133 In addition, a meta-analysis found embolization 
of diverticular disease was three to four times more effective 
than embolization of nondiverticular sources.132 Superselective 

embolization occurs at the level of the vasa recta or mar-
ginal artery.134 Materials used for embolization include 
microcoils, polyvinyl alcohol particles, and gelfoam. They 
may be used individually or in combination. Microcoils are 
permanent materials with multiple sizes that are easily vis-
ible during fluoroscopy.133,135 Polyvinyl alcohol particles are 
also permanent and will be carried by the circulation to the 
bleeding site which has the least resistance to flow.136 These 
particles have decreased selectivity and are poorly visual-
ized. Gelfoam is not a permanent agent with vessel recan-
nulization in days to weeks.137,138 but it is not routinely used. 
Material choice is decided by location, angiographer exper-
tise, and microcatheter position in relation to the bleeding 
vessel.139–142 Technical aspects that can lead to failure or 
inability to embolize are atherosclerosis, vascular tortuos-
ity, and vasospasm.134,139,143

Patients with major, ongoing hemorrhage or patients who 
rebleed need angiography. Similar to colonoscopy, the goal of 
angiography is to localize the source of bleeding and provide 
directed therapy. If superselective embolization is unable to 
be performed, but a bleeding site is localized, angiographers 
can inject methylene blue into the artery providing a tempo-
rary marker for the surgeon.144,145 Another option is highly 
selective, intra-arterial vasopressin infusion. The potent arte-
rial contraction may reduce or halt the hemorrhage. Infusion 
rates of vasopressin being at concentrations of 0.2 U/min 
may progress to 0.4 U/min. The systemic effects and cardiac 
impact of vasopressin may limit maximizing the dosage. 
Vasopressin controls bleeding in as many as 91% of patients. 
However, bleeding may recur in as many as 50% of patients 
once the vasopressin is tapered.

In patients who have negative upper and lower endoscopy 
with continued evidence of bleeding, angiography can be 
used to localize the source. However, superselective embo-
lization for sources other than diverticuli has higher failure 
rates.132

Since most LGIB is sporadic, it is not uncommon to be 
unable to localize the source, even after an EDG, a colonos-
copy, and an angiography. Provocative angiography, which 
uses anticoagulants, vasodilators, or fibrinolytics to induce 
bleeding, can be used in these cases. Agents used in these 
procedures include urokinase, streptokinase, and tissue plas-
minogen activator. Studies evaluating provocative angiogra-
phy are small and from single institutions with identification 
of the bleeding source varying from 20 to 80%.146–148 If a 
bleeding site is identified, superselective embolization can 
be used for treatment.

Radionuclide Scintigraphy

Nuclear scintigraphy or the radioactive labeling of red blood 
cells is used to evaluate patients with LGIB (Figure 24-3A and 
B). In comparison to colonoscopy or angiography, it does 
not have any therapeutic capabilities. However, it is not 
invasive, does not require a bowel preparation, or require 

Figure 24-2. Angiogram demonstrating extravasation (hemor-
rhage) in cecum.
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specialists to be called in to perform the study. Bleeding 
at rates as low as 0.1 ml/min can be detected. Red blood 
cells are labeled with technetium or sulfur colloid. Techne-
tium-labeled red blood cell (TRBC) scanning is positive in 
16–91% of patients.8,128 A number of studies have attempted 
to define characteristics of positive TRBC scans.130,149,150 
Scans that are positive early have shown increased posi-
tivity on angiography and accuracy rates in some studies, 
but not in others.130,150–154 The largest study examining the 
predictive value of scintigraphy retrospectively reviewed  

249 scans and 271 arteriograms. Using a positive scintigraphy  
as a requirement for angiography led to an increase in 
positive angiograms from 22 to 53%.154 Common clinical 
parameters such as hemodynamic instability and the num-
ber of blood transfusions are not associated with a positive 
TRBC scan.149,151,155 A more reliable indicator than the over-
all number of blood transfusions may be the number of units 
transfused within the 24 h preceding scintigraphy.156 Multi-
variate analysis confirmed that patients who received more 
than 2 units of packed red blood cells within 24 h prior to 
the scan were twice as likely to have a positive study.

The role of radionuclide scintigraphy in the manage-
ment of LGIB continues to be poorly defined. In patients 
who have major, self-limited hemorrhage and are stable to 
go to radiology, this test, if positive early, can direct further 
workup and management. However, if radionuclide scin-
tigraphy is negative, rebleeding rates are not negligible. One 
advantage of TRBC is that rebleeding within 24 h can be 
restudied promptly without a second labeling procedure. 
This can allow a repeat study if the clinical condition changes 
during the evaluation period. A study from the Oschner 
Clinic where scintigraphy is the first diagnostic modality 
used after anoscopy/proctoscopy noted a rebleeding rate of 25% 
after a negative TRBC scan.157 Colonoscopy performed after 
a negative scan found potential bleeding etiologies in 89% of 
patients.130 More important than the rate of recurrent bleed-
ing is the inability of scintigraphy to adequately localize the 
bleeding source to enable surgeons to reliably operate.158–160 
Surgical resection based on radionuclide scintigraphy is not 
recommended.

Multidetector Row CT

Multidetector row computed tomography (MDCT) may 
have an increasing role in the diagnostic workup of LGIB. 
In porcine models, blood flow can be detected at 0.3 ml/min, 
which is still less than those in angiography.161 MDCT 
is considered positive when vascular contrast material is 
extravasated into the bowel lumen.162 A meta-analysis of 
94 patients demonstrated that 85% of MDCT abnormali-
ties correlated with lesions identified during surgery and 
that 72% of patients who underwent angiography had 
confirmed bleeding sources.163 Similar to angiography, 
scintigraphy, and colonoscopy, MDCT positivity and con-
firmation vary by study due to different inclusion crite-
ria (upper and lower gastrointestinal bleeding versus only 
lower), number of CT slices (16 or 64), and sample size 
(all less than 60).162–167 There are no randomized controlled 
or multicenter studies. Despite these limitations, MDCT 
offers the following advantages over radionuclide scintig-
raphy: (1) it is easy to perform and readily available in 
emergency rooms with CT scanners, (2) accurate local-
ization of the bleeding site, which allows for a directed 
angiogram and less contrast use, (3) identification of other 
pathologies.162,166

Figure 24-3. Selected images from a 99mTc-labeled RBC gas-
trointestinal bleeding study in a patient with known diverticulosis. 
Images acquired at 1 min A and 14 min B. Abnormal increased 
isotopic activity developed in the proximal transverse colon, which 
progressed antegrade to the descending colon.
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Surgery

Emergent surgery is necessary in hemodynamically unstable 
patients who have massive ongoing bleeding and are unre-
sponsive to the initial resuscitation, patients who have had 
the source of bleeding localized but no therapeutic mea-
sures were performed or they failed, and patients who have 
required at least 6 units of packed red cells within 24 h.124 
The need for emergent, exploratory surgery without a local-
ized source of bleeding is uncommon, occurring in 4.8% of 
patients with LGIB at an urban medical center.9 In Long-
streth’s study, 16% of patients underwent surgery.1 Taking 
into account the patient’s clinical status, comorbidities, and 
localization studies, the surgeon can devise an operative 
strategy to fit the patient.124 Prior to surgery, ileostomy and 
colostomy sites should be marked when possible.

An open laparotomy through a midline incision that 
allows access to both the upper and lower gastrointestinal 
tract should be performed. Examination of the entire intra-
abdominal gastrointestinal tract is required with focus on 
identifying blood within the bowel lumen. The stomach, 
duodenum, small bowel, and colon are visually examined 
and palpated.124

If there is no identifiable bleeding source and localization 
was not successful, push intraoperative enteroscopy (IOE) 
can be considered. Transillumination of the bowel may iden-
tify a source such as angiodysplasia or small tumors. IOE 
is technically challenging and time-consuming. The identifi-
cation of bleeding pathology occurs in 70–87% of patients. 
However, rebleeding rates are 19–30%.168–171 If a source of 
bleeding is identified, then resection is warranted.

If no bleeding site is identified in the upper gastrointestinal 
tract or small bowel and the source is presumed to be colonic, 
then a total abdominal colectomy should be performed.  
If the patient was on vasoactive medication or is hemody-
namically unstable, then an end ileostomy should be created. 
Post operatively, these patients will require further resuscita-
tion and possibly continued or intermittent pressor use, which 
can jeopardize a bowel anastomosis. In addition, the majority 
of patients with LGIB are elderly with multiple comorbidities 
augmenting the complexity of their management.

The aim of the preoperative diagnostic workup is to localize 
the source of bleeding. If a colonic source is localized, then a 

segmental rather than subtotal colectomy can be performed. 
Nonlocalized segmental colectomy based on a clinical “best 
guess” is not a safe or reliable option. Mortality can be as 
high as 50% and rebleeding rates as high as 75%.19,172,173 Mor-
tality rates associated with segmental and subtotal colectomy 
for LGIB are 4–14% and 0–40%, respectively.18

Outcomes in Lower Gastrointestinal 
Bleeding

The heterogeneity of patients with LGIB and the lack of 
randomized data concerning the diagnostic workup have led 
to studies attempting to characterize prognostic indicators 
(Table 24-2). The following clinical data are independent 
predictors of severity in LGIB: initial heart rate greater than 
or equal to 100, initial systolic blood pressure less than or 
equal to 115 mmHg, initial hematocrit less than or equal to 
35%, gross blood on rectal exam or rectal bleeding within 
the first 4 h of evaluation, aspirin use, and more than two 
active comorbid conditions.4,9 Severe LGIB was defined by 
one or more of the following clinical characteristics: transfu-
sion of greater than or equal to 2 units of blood, decrease of 
hematocrit by greater than or equal to 20% in the first 24 h, 
and recurrent rectal bleeding after 24 h of stability coincid-
ing with a further decrease in hematocrit of greater than or 
equal to 20%, more transfusions, and readmission within 
1 week of discharge.174 Patients were considered high risk 
if they had greater than 3 risk factors and low risk if they 
had no risk factors. High-risk patients had increased rates 
of surgery and death, increased number of transfusions, 
and longer hospital stays.174 Prognostic factors for urgent 
surgery are hypotension on arrival (systolic blood pressure 
70–80 mmHg) and the etiology of the bleeding.7 Urgent sur-
gery and associated comorbidities (neuropathies, diabetes, 
hepatic, cardiovascular and pulmonary disease) were risk 
factors for morbidity and mortality.7 Postoperatively, only 
transfusion needs greater than ten units predicted mortal-
ity and morbidity after multivariate analysis.3 The average 
number of units transfused prior to surgery in this study was 
9.3. These findings support an earlier study from 1991 where 
patients who received less than ten units had a 7% mortality 

Table 24-2. Mortality of lower gastrointestinal bleeding by etiology124

Investigator [ref] Diverticulosis (%) Angiodysplasia (%) Cancer/polyp (%) Colitis/ulcer (%) Anorectal (%) Other (%) Mortality (%)

Jensen and Machicado 
1997111

23 40 15 12 5  4 NA

Longstreth 19971 41  3  9 16 5 14 3.6
Bramley et al. 19966 24  7 10 21 9  4 5.1
Richter et al. 19957 48 12 11  6 3  6 2
Rossini et al. 198930 15  4 30 22 0 11 NA
Jensen and Machicado 

198828

20 37 14 11 5  5 NA
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rate and patients who received greater than ten units had a 
mortality rate of 27%.173

The literature has shown that there are multiple options 
in the workup of LGIB that can be used interchangeably 
with adequate results. Urgent endoscopy can be performed 
as the first diagnostic step, followed by other localizing 
studies if not successful, but evaluation with TRBC fol-
lowed by selective angiography if TRBC is positive can 
also be successful for localization. Studies have shown 
clearly that segmental colon resection after radionuclide 
scintigraphy alone is ill-advised and that blind resec-
tions have high rebleeding rates and lead to worse patient 
outcomes. The steps in the workup remain variable but 
should be tailored to a physician’s expertise and hospital 
resources.

Billingham’s175 description, in 1997, of LGIB as a 
conundrum with five main problems continues to reflect 
the current management issues. First, bleeding can be 
from any location in the gastrointestinal tract. The second 
problem faced by surgeons is the sporadic nature of lower 
gastrointestinal bleeding. The third problem is the neces-
sity of surgical intervention prior to localization. Fourth, 
rebleeding after extensive resections remains a concern. 
Finally, there are few consensus statements regarding 
diagnosis and management. Certainly, the conundrum has 
not been solved. However, a variety of new technologies 
and evolving methods of treatment are allowing clini-
cians to make progress with less dramatic interventions 
for patients. New imaging techniques such as MDCT may 

be able to efficiently identify sources of bleeding and 
guide management with less delay and better anatomic 
definition. Superselective angiography can provide safe 
and accurate diagnostic and therapeutic options. Cap-
sule endoscopy can assist in locating obscure bleeding 
sources and has become the standard of care for workup 
in a nonacute setting. DBE will become more available 
and may provide multiple therapeutic options for lesions 
not reached by traditional endoscopic techniques, but is 
not advocated in the urgent or emergent setting at this 
time. Acceptance and practice of urgent colonoscopy 
and superselective angiography provide opportunities to 
identify the source prior to surgery and even avoid sur-
gery entirely. In addition, the diagnostic and therapeutic 
options available with colonoscopy, capsule endoscopy, 
DBE, and superselective angiography offer a variety of 
options to localize and treat the source with minimal risk 
compared to emergent surgery. Nevertheless, LGIB can 
be a challenging event for the patient and physician. Suc-
cessful treatment of LGIB requires the ability to perform 
massive resuscitation, expeditious workup, and skilled 
surgical assessment with prompt operative intervention 
when required. An algorithm summarizing the manage-
ment is provided in Figure 24-4.

Acknowledgment. This chapter was written by Frank G. 
Opelka, J. Byron Bathright, and David E. Beck in the first 
edition of this textbook.

Figure 24-4. Algorithm summarizing the management options of lower gastrointestinal bleeding.
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Endometriosis
Michael J. Snyder

Introduction

Endometriosis is a disease characterized by the presence of 
endometrial glands and stroma outside the uterine cavity.  
It is one of the most common conditions requiring surgery for 
women during their reproductive years. Endometriosis, while 
not fatal, may be associated with disabling pain and intracta-
ble infertility. The degree of symptoms varies widely and does 
not always correspond to the extent of pathology encountered 
at surgery. Small lesions may cause severe pain and infertility, 
while larger lesions may be asymptomatic and be found only 
incidentally during surgery for other diagnoses. Diagnosis is 
typically made or confirmed at laparoscopy or during laparo-
tomy. Colon and rectal surgeons often become involved in the 
management of patients with intestinal endometriosis. This 
involvement may occur as a result of a combined procedure 
with a gynecologist or in the management of an endometri-
oma masquerading as a neoplastic or inflammatory lesion. 
Treatment for endometriosis is usually multimodal and may 
require surgery in those patients with infertility, pelvic pain, 
obstruction, or a poor response to hormonal suppression. 
While advances in diagnostic tests and therapy have been 
made, endometriosis remains a frustrating and incompletely 
understood disease for both the patient and her physicians.

Epidemiology

The true prevalence of endometriosis is unknown. There is 
no noninvasive screening test for endometriosis, and its diag-
nosis depends on the visual or pathologic identification of 
implants during laparoscopy or laparotomy. Various authors 
have estimated that up to 15% of all women of reproductive 
age and one-third of infertile women have endometriosis.1,2  
A study by Houston et al. is the only population-based study 
of endometriosis.3 After reviewing the medical records 
for Caucasian women in Rochester, Minnesota during the 
1970s, they estimated that 6.2% of premenopausal women 
have endometriosis.

While endometriosis is primarily a disease of the repro-
ductive years, the widespread use of exogenous estrogens 
and increasing obesity in our society have made it more 
prevalent in postmenopausal women. Conversely, there is 
a decrease in the incidence of the disease when women use 
oral contraceptives or experience multiple pregnancies.4 
These observations coupled with the fact that the incidence 
of endometriosis increases over time after a woman’s last 
childbirth suggest that uninterrupted menstrual cycles 
predispose susceptible individuals to the development of 
endometrial implants.5 There is no racial predilection for 
endometriosis other than in Japanese women who have 
double the incidence of the disease than do Caucasian 
women.6

Etiology

The precise etiology that completely explains the cause 
and pathogenesis of endometriosis is unknown. The two 
most popular theories as to its etiology are coelomic meta-
plasia and the implantation of viable endometrial cells from 
retrograde menstruation through the fallopian tubes. Coelo-
mic metaplasia, postulated by Meyers, suggests that under 
the correct hormonal milieu, the coelomic epithelium will 
undergo metaplastic changes and transform into endometrial 
tissue.7 He based his theory on studies demonstrating that 
the peritoneum and uterine endometrium both originate from 
embryonic coelomic epithelium. While this theory offers a 
good explanation for endometriosis in men and nonmenstru-
ating women, it does not adequately address the anatomical 
distribution and clinical pattern of endometriosis. The vast 
majority of endometriosis occurs in the pelvis, but the perito-
neum at risk with this theory is evenly distributed throughout 
the abdominal cavity. In addition, metaplasia should worsen 
with age and endometriosis clearly does not.

Retrograde menstruation, first proposed by Sampson,8 
remains the most plausible explanation for the distribution of 
endometrial implants. This theory postulates that endometriosis 
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arises from retrograde menstruation through the fallopian 
tubes and into the peritoneal cavity. Viable endometrial 
tissue has been demonstrated in menstrual effluent, and 
endometriosis has been induced both in primates, with arti-
ficially produced retrograde menstruation,9 and in women 
volunteers who permitted injection of menstrual tissue into 
their peritoneum.10 This theory, however, is probably only 
part of the answer.

While retrograde menstruation is very common, occurring 
in virtually all women, endometriosis affects only a small 
minority. Clearly other factors must be involved to permit 
the implantation and growth of endometrial tissue. Several 
studies indicate a possible genetic aspect to endometrio-
sis. Simpson et al.11 demonstrated that the disease appears 
to occur more commonly within families. He found a 7% 
relative risk for blood relatives of affected individuals as 
opposed to a 1% relative risk for non-blood controls. Addi-
tionally, the clinical manifestations of the disease were more 
severe among the related group. It appears that the inheri-
tance pattern is polygenic or a combination of genetic and 
environmental factors. This conclusion is consistent with the 
clinical associations with delayed childbearing and uninter-
rupted cyclic menstruation.

Dmowski et al.12 have theorized that the genetic factor may 
involve the immune system. They demonstrated depressed 
cellular immunity in monkeys with spontaneous endo-
metriosis. Other investigators have confirmed alterations 
in both cellular and humoral immunity in humans.13,14 The 
most striking change observed in cellular immunity is the 
high concentration of activated macrophages and decreased 
functional capacity of natural killer cells. The most signifi-
cant abnormality in humoral immunity is the presence of 
autoantibodies against different cellular components. These 
changes have been observed in both the peritoneal cavity 
and the systemic circulation, suggesting that endometriosis 
may be a systemic disease. It is still unclear whether these 
changes represent manifestations of the disease or a subse-
quent reaction to it. This research, however, suggests that 
mild subclinical immunosuppression may subsequently lead 
to endometriosis many years later.

Clinical Manifestations

The most common sites where endometriosis occurs are 
summarized in Table 25-1. The most frequent of these are 
in the pelvis. Potential sites of implantation in the abdomen 
include the appendix, small bowel, and diaphragm. Rarely, 
implantation may occur in the inguinal canal (in patients 
with hernias), surgical incisions, the vulva, vagina, cervix, or 
systemically in the lungs, bronchi, or kidneys.

As the majority of women have disease confined to the 
pelvis, the most common presenting complaints relate to 
menstrual irregularities, pelvic pain, and infertility. Many 
women with endometriosis may be completely asymptomatic 

and the natural history of the disease in these patients has 
never been well defined. In studies with placebo arms, a few 
interesting observations have been made. A trial involving 
infertile women with otherwise asymptomatic endometrio-
sis revealed that laparoscopic scoring of the severity of the 
disease increased over the length of the study in almost 50% 
of the placebo group.15 Another study compared pain scores 
in women receiving placebo versus gonadotropin-releasing 
hormone (GnRH) analogs.16 The cumulative dysmenor-
rhea rate and severity of pain were significantly lower in 
the treatment group suggesting a progressive course of the 
disease. Other studies on infertile women revealed that mild 
endometriosis can spontaneously resolve and that medical 
therapy may only suppress the disease until hormonal stimu-
lation resumes.17

Pelvic Pain and Dysmenorrhea

Pain is the most common symptom of endometriosis, 
 affecting up to 80% of patients subsequently diagnosed with 
the disease. Endometriosis has been discovered in 30–50% 
of women undergoing laparoscopy for pelvic pain.18 Pelvic 
pain associated with endometriosis presents as dysmenor-
rhea, dyspareunia, or chronic noncyclic pelvic pain. There are 
women, however, with extensive endometriosis who experi-
ence little or no pain. Moreover, total lesion volume does 
appear to correlate directly to the degree of pain.19 Instead, 
symptoms seem related to the depth of penetration of the 
lesion, the type of lesion, and its location. Implants involving 
the uterosacral ligaments and rectovaginal  septum are most 
often implicated. The pain is typically most intense just prior 
to menstruation and lasts for the duration of  menstruation. 
The pain is often associated with back pain, dyschezia, and 
levator muscle spasm and is more severe with advanced 
stages of endometriosis.

Table 25-1. Sites and incidence 
of endometriosis 42

Common
Ovaries 60–75%
Uterosacral ligaments 30–65%
Cul-de-sac 20–30%
Uterus 4–20%
Rectosigmoid colon 3–10%
Less common
Appendix 2%
Ureter 1–2%
Terminal ileum 1%
Bladder <1%
Abdominal scars <1%
Rare
Diaphragm
Inguinal canal
Liver
Spleen
Kidney
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Dysmenorrhea occurs in most women with endometriosis. 
The association is not well understood, and some have 
hypothesized that high uterine pressures cause dysmenor-
rhea with retrograde menstruation a consequence of these 
elevated pressures.20 Other investigators, however, have 
failed to show an increase in the prevalence of dysmenorrhea 
with early stage endometriosis.21

Dyspareunia, deep pelvic pain with vaginal penetration, is 
usually a symptom of advanced endometriosis. Dyspareunia 
is most pronounced just prior to menstruation and is associ-
ated with specific coital positions. The presence of dyspare-
unia is often indicative of the degree of fixation of the pelvic 
organs, especially in the cul-de-sac of Douglas, the utero-
sacral ligaments, and the rectovaginal septum.

Chronic noncyclic pelvic pain is pain present for longer 
than 6 months and may be intermittent or continuous. The 
pain is often associated with both perineural inflammation 
and uterosacral ligament involvement with endometriosis.22 
Gastrointestinal and urinary complaints may accompany 
the pain.

Pain in the shoulder during or just preceding menstruation 
may be due to endometrial implants involving the diaphragm. 
The diaphragm should always be viewed during laparoscopy, 
so these diaphragmatic deposits can possibly be treated with 
laser vaporization. Differentiation from adhesions associ-
ated with pelvic inflammatory disease (Fitz Hugh Curtis 
syndrome) is usually not difficult unless the two pathologies 
coexist.

The pathophysiology of pain arising from endometriosis is 
not completely clear. Pain may occur from the cyclic growth 
and subsequent increase in pressure within the capsule sur-
rounding the implant. Alternatively, extravasation of men-
strual debris into the surrounding tissue may occur with 
subsequent edema and release of inflammatory mediators. 
As the implant matures with surrounding unyielding scar 
tissue, the stretching of this scar by the products of the endo-
metrial glands may produce pain. This scenario is probably 
particularly true for deeper implants. A study by Cornillie 
et al.22 discovered that all women with implants deeper than 
1 cm experienced severe pelvic pain.

Adhesions, very common in endometriosis, may also 
be associated with pain. Adherence of the colon and small 
bowel along with retroflexion of the uterus from extensive 
posterior adhesions may occur. Such retroflexion and fixa-
tion of the rectosigmoid can result in pressure on the sacrum 
with consequent back and rectal pain.

Since the 1960s, multiple investigators have attempted 
to define the role of prostaglandins in the pathogenesis of 
pelvic pain.23,24 Macrophages are responsible for the removal 
of foreign material such as the endometrial implants. They 
are present around the endometrial implants and are potent 
producers of inflammatory mediators such as the prosta-
glandins. Both prostacyclin (PGI-2) and prostaglandin E-2 
are able to sensitize pain receptors to chemical mediators. 
Leukotriene B-4, another macrophage product, is a potent 

chemotactic agent and leukocyte activator. These factors are 
thought to explain some of the pelvic pain, but not all the 
studies agree.24 The relative transient nature of prostaglandin 
action and the inherent difficulty in measuring pain compli-
cates attempts to quantify the impact of chemical mediators.

Infertility

The relationship between endometriosis and infertility is 
also unclear. Some studies have demonstrated a high per-
centage of infertile patients with endometriosis.25 Certainly, 
those reports comparing rates of endometriosis for women 
undergoing elective laparoscopic sterilization versus lap-
aroscopy for infertility have demonstrated a fourfold or 
greater increase in the infertile group. In women with known 
endometriosis, the infertility rate is 30–50%. Whether endo-
metriosis causes infertility or is the product of uninterrupted 
menstruation is still hotly debated.

There is little disagreement that moderate-to-severe disease 
with mechanical distortion of the fallopian tubes, ovaries, and 
peritoneum can potentiate infertility. Pelvic endometriosis 
and the resulting inflammatory response can produce dense, 
fibrotic adhesions that may significantly interfere with both 
the oocyte release from the ovary and the ability of the fal-
lopian tube to pickup and transmit the oocyte to the uterus. 
Blockage of the tube may produce a hydrosalpinx, and in 
one recent study, endometriosis was the etiology in 14% of 
patients undergoing tubal reconstruction for occlusion.26 In 
moderate or severe endometriosis, the pregnancy rates fol-
lowing surgery are 50 and 40%, respectively, compared with 
only 7% when expectant management is practiced.27,28 Surgi-
cal treatment of these patients is clearly beneficial.

Treatment of infertile patients with mild endometrio-
sis is more problematic. A study by Inoue et al.29 on 2,000 
infertile women with mild endometriosis did not reveal any 
improvement in fertility with either medical or surgical 
therapy when compared with expectant management. Other 
studies have demonstrated a lower pregnancy per cycle rate 
in patients with endometriosis compared with those free of 
the disease.30

Intestinal Symptoms

Although some women with intestinal endometriosis may 
be asymptomatic, some degree of intestinal complaints are 
found in most women with moderate-to-severe disease. 
Bowel involvement occurs in 12–37% of cases of endo-
metriosis. Depending on the site of involvement, the symp-
toms of endometriosis may vary somewhat. In patients 
with intestinal endometriosis, the rectosigmoid is involved 
in over 70%, followed by the small bowel and appendix. 
Rectosigmoid disease often results in alterations in bowel 
habits such as constipation, diarrhea, a decreased caliber 
of the stool, tenesmus, or, rarely, rectal bleeding. Such 
symptoms appear more often around the time of menses. 
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Colonic endometriosis can present with obstruction and may 
be difficult to differentiate from other causes of large bowel 
obstruction, such as Crohn’s disease or neoplasm. This diffi-
culty is of particular concern in the postmenopausal woman 
on hormone replacement therapy.

Intestinal perforation may occur with endometriosis. 
Colonic perforation has been reported during pregnancy 
from endometriosis.31 Perforation also occurs with transmu-
ral appendiceal endometriosis.

For those patients with asymptomatic intestinal endometri-
osis, the natural history appears to be benign. Prystowsky 
et al.,32 who followed 44 patients with known intestinal 
endometriosis for a period of 1–12 years, found that only 
one patient developed clinically significant gastrointesti-
nal symptoms. Consequently, intestinal resection in these 
asymptomatic patients is probably unwarranted.

Confusion between small bowel endometriosis and Crohn’s 
disease is common, as both can produce similar endoscopic 
and even histologic findings (Figure 25-1). Small bowel 
implants involving the terminal ileum are often noted inciden-
tally at the time of laparoscopy and may often be asymptom-
atic. When symptoms occur they are usually nonspecific such 
as recurrent abdominal pain and bloating. Occasionally, acute 
or chronic small bowel obstruction develops from extensive 
fibrotic adhesions which are due to endometriosis.

The next most frequent site of intestinal endometriosis 
is the appendix. Endometrial implants are not infrequently 
found when the appendix is removed incidentally. The clini-
cal significance of appendiceal endometriosis is less than 
that involving the small bowel and colon. Although endo-
metrial implants may produce acute appendicitis with right 
lower quadrant abdominal pain, nausea, fever, and leukocy-
tosis, historically most abdominal explorations for presumed 
acute appendicitis with a subsequent diagnosis of endometri-
osis have been due to ruptured endometrial cystic implants 

involving the ovary. Endometriosis of the appendix may also 
produce a chronic obstruction of the intestinal lumen with 
formation of a mucocele or periappendiceal inflammatory 
mass that is difficult to distinguish from a neoplasm. Finally, 
endometrial implants of the appendix and cecum may serve 
as lead points for an intussusception.

Malignant Transformation

Malignant transformation of endometriosis is an uncommon 
complication of the disease. Almost 80% of the tumors are 
ovarian and two-thirds are endometriod carcinomas. Patients 
with ovarian neoplasms arising from endometriosis are 
younger than the typical ovarian cancer patient with most 
tumors occurring in the fourth decade of life.33 Symptoms of 
pelvic pain and an enlarging pelvic mass are the most com-
mon symptoms. In women with known endometriosis, a cyst 
larger than 10 cm, cyst rupture, or a change in the nature of 
the chronic pelvic pain is potential signs of malignancy.

The rectosigmoid colon is the most common site for 
extragonadal tumors arising from endometriosis. Prolonged 
unopposed estrogen exposure is a significant risk factor, and 
rectal bleeding is the most common symptom. Recurrent 
symptoms of pelvic endometriosis following hysterectomy 
and bilateral salpingo-oophorectomy can be possible signs 
of malignant degeneration. Endometrial carcinoma is the 
most common tumor type. Histologically, the tumor must be 
shown to arise from the colon rather than invading it from 
another source. The diagnosis also requires that endometrio-
sis or premalignant changes in endometrial glands be found 
contiguous with the invasive neoplasm.34

Treatment of both ovarian and extragonadal tumors is 
based on the particular stage of the tumor. The prognosis 
is generally good with tumors confined to the ovary or an 
extragonadal site having 5-year survivals greater than 60%. 
Even if a locally extensive tumor is encountered, there may 
be a benefit from aggressive local resection.

Diagnosis

Physical Examination

Patients with mild cases of endometriosis may have a nor-
mal physical examination and the diagnosis may not even 
be suspected unless the patient undergoes laparoscopy. For 
patients with pelvic pain, careful bimanual and rectal exami-
nation may reveal nodularity or induration especially in the 
uterosacral ligaments or cul-de-sac of Douglas. Fixed tender 
retroversion of the uterus in a patient without previous pelvic 
surgery may raise suspicion for endometriosis. Palpation of 
the ovaries may reveal an ovarian mass. As these ovarian 
masses are generally soft and cystic, those less than 5 cm in 
diameter may be difficult to palpate. Cyclical pain or bleed-
ing from any location, especially coinciding with menses, Figure 25-1. Endometriosis involving the small intestine.
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should be adequately investigated for endometriosis. The 
inguinal canal, previous incisions, umbilicus, and lungs can 
all be potentially involved with endometrial implants.

Laboratory Evaluation

CA-125, an antigen expressed on tissues derived from human 
coelomic epithelium, is elevated in women with moderate-to-
severe endometriosis. However, the sensitivity and specific-
ity of this test is poor as the antigen may be mildly elevated 
in other diseases and within the normal range in women with 
mild endometriosis. The concentration of CA-125 does cor-
relate with the severity of the disease and is probably most 
useful in gauging response to medical therapy. It may also be 
of value in following women post-resection who had elevated 
levels preoperatively and are again exhibiting symptoms of 
endometriosis. No other serum markers are commercially 
available, but assays of antiendometrial antibodies and endo-
metrial secretory protein PP14 are currently being evaluated 
for clinical relevance.35

Endoscopy

As the lesions begin on the outside of the intestine, endo-
scopic evaluation of the large bowel is often normal except in 
severe disease or infiltrating nodular endometrial implants. 
Occasionally, serosal involvement with adhesions can lead to 
obstruction. Endoscopically, the mucosa is generally intact, 
occasionally associated with significant luminal narrow-
ing. Infiltration of the submucosa, while uncommon, may 
produce nodularity and distortion of the overlying mucosa 
(Figure 25-2). These findings may be difficult to visually 
differentiate from Crohn’s disease, ischemia, or malignancy. 
Pressure against these areas of distorted bowel may produce 
pain that suggests the diagnosis of endometriosis. In addition, 
biopsies of the mucosa, taken in areas of endometriosis, can 
resemble solitary rectal ulcer or prolapse syndromes. Rarely 
is the diagnosis of endometriosis definitively confirmed by 

endoscopy or from endoscopic biopsies. Colonoscopy is, 
however, useful in excluding colon cancer from the differen-
tial diagnosis, especially in older patients presenting with a 
rectosigmoid mass while on hormone replacement.

Rigid proctoscopy is very helpful in predicting the depth 
of rectosigmoid involvement in patients with severe endo-
metriosis of the cul-de-sac of Douglas. After two enemas are 
given to remove any fecal debris, the rigid proctoscope is 
deployed above the rectosigmoid and slowly withdrawn with 
care to maintain adequate insufflation. The mucosa is often 
fixed over area of submucosal or deep muscular involvement 
with tethering or puckering and loss of the normal mucosal 
mobility. In our experience, these mucosal findings have cor-
related with significant intestinal wall invasion by the endo-
metrial implant and often a need for intestinal resection.

Imaging Techniques

Imaging techniques used to facilitate the diagnosis of endo-
metriosis include ultrasonography, barium enema, computer-
ized tomography (CT), magnetic resonance imaging (MRI), 
and immunoscintigraphy. Many of these tests are obtained 
for the evaluation of chronic pelvic pain and/or bleeding 
from the reproductive tract or colon. They are primarily 
utilized to rule out more common conditions, but there are 
some findings that may strongly suggest the diagnosis of 
endometriosis before visual or pathologic confirmation by 
laparoscopy or laparotomy.

Transvaginal ultrasound has been used for several years to 
evaluate ovarian endometriomas. It is a sensitive test and in 
experienced hands provides specificity greater than 90% for 
ovarian endometriosis. Ultrasound of the pelvis, however, is 
not very sensitive in detecting focal nonovarian endometrial 
implants. Endometriosis has been termed “the great mim-
icker” because the appearance on ultrasound is highly vari-
able with some lesions being nearly sonolucent and others 
quite echogenic.

Endorectal ultrasound is a potentially valuable tool to 
determine rectal wall invasion by endometrial implants in 
the cul-de-sac. Chapron and colleagues36 studied the reliabil-
ity of endorectal ultrasound in assessing the depth of bowel 
invasion with rectovaginal endometriosis. In 17 patients with 
proven deep pelvic endometriosis, the ultrasound revealed 
infiltration of the bowel wall and suggested the need for intes-
tinal resection. The ultrasound findings were subsequently 
confirmed at laparoscopy and evaluation of the pathologic 
specimen in 16 patients. Twenty-one other patients with 
endometriosis of the cul-de-sac of Douglas whose ultra-
sounds did not show infiltration of the rectal wall did not 
require intestinal resection and were able to have complete 
removal of the endometriosis with laparoscopic techniques 
without complications. The accuracy of ultrasound was 
recently confirmed by Doniec and colleagues who deter-
mined both the sensitivity and specificity of preoperative 
staging of rectal wall involvement by endometriosis to be Figure 25-2. Polypoid endometrial implant of the colon.
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97%.37 The only real concern in evaluating patients having 
cul-de-sac endometriosis by endorectal ultrasound is the sig-
nificant discomfort experienced by the patient when rectal 
distention from the balloon probe compresses the implant.

Barium enema examination is another imaging technique 
often obtained by gynecologists for the intestinal complaints 
associated with deep pelvic endometriosis. The lateral and 
prone cross-table views of the rectum offer excellent evaluation 
of the cul-de-sac of Douglas as long as care is taken in ensur-
ing that the balloon is kept in the distal rectum (Figure 25-3). 
Studies in patients without bowel wall involvement are either 
normal or reveal smooth extrinsic compression with normal 
mucosa. Deep invasion of the bowel wall by endometriosis 
produces a variety of appearances on barium enema. Irregulari-
ties of the rectal wall such as tethering or even polypoid lesions 
may be difficult to distinguish from inflammatory bowel dis-
ease or neoplasm. Strictures of the rectosigmoid may also be 
identified on barium enema.

Computerized tomography is the imaging technique prob-
ably used most frequently for the evaluation of abdominal 
and pelvic pain. Unfortunately, there is no standard CT 
appearance for a mass caused by endometriosis to clearly 
differentiate it from pelvic masses due to other causes. Cys-
tic lesions are more commonly seen on the ovaries while 
deeper pelvic disease usually consists of either solid lesions 
or mixed cystic/solid lesions. CT evaluation of the pelvic 

sidewall for endometrial implants is better than ultrasound, 
but there is still significant overlap between infectious and 
malignant pathology. CT scanning is probably most useful 
for patients with pelvic pain and a negative ultrasound to 
assess the musculoskeletal boundaries of the pelvis and the 
rectosigmoid colon.

When pelvic endometriosis is strongly suspected, MRI 
is more useful than CT scanning because of the benefit of 
imaging in multiple planes and the lack of ionizing radia-
tion. MRI may be the best noninvasive modality for imaging 
suspected endometriosis. Colorectal involvement on MRI 
is strongly suspected when there is disappearance of the fat 
plane between the rectum and the vagina, loss of the hypoin-
tense signal of the anterior bowel wall on T2-weighted 
images, and a contrast enhanced mass on T1-weighted 
images involving the bowel wall.38 Sagittal images are par-
ticularly valuable in imaging the cul-de-sac of Douglas. MRI 
is superior to CT scanning for extraperitoneal lesions and 
the evaluation of pelvic masses.39 Identification of endome-
trial implants is dependent on the hemorrhage that occurs in 
these lesions. The time between imaging and the most recent 
hemorrhage may determine in which weighted images the 
masses are most intensely seen. The sensitivity and specific-
ity of MRI for detecting and adequately evaluating colorectal 
endometriosis is approximately 78 and 98%, respectively.38

Immunoscintigraphy with radioactive iodine-labeled CA- 
125 monoclonal antibodies has been studied to clarify the 
extent of pelvic endometriosis, particularly in the face of 
severe pelvic adhesive disease.40 In such a study of 28 women, 
22 had a positive test with 16 confirmed to have endometrio-
sis. Two of five women had a negative test despite having 
histologically confirmed endometriosis. As such, immunos-
cintigraphy is not currently recommended for screening and 
remains primarily a research tool.

Laparoscopy

The diagnosis of endometriosis usually requires direct visual 
and/or tactile assessment of the abdomen and pelvis. Lap-
aroscopy is currently the initial approach to many patients 
suspected of having endometriosis and has revolutionized 
both its diagnosis and treatment. Most patients with severe 
pelvic pain and many patients with refractory infertility 
undergo laparoscopy. The timing of laparoscopy in relation 
to the menstrual cycle is unimportant except in patients being 
evaluated for infertility. In these patients, the procedure is 
performed in the luteal phase to provide additional valuable 
information concerning ovarian function.

The technique of diagnostic laparoscopy has become 
widespread in both the surgical and gynecologic literature. 
A camera, often attached to a video monitoring system with 
photographic and recording capabilities, is introduced at 
the level of the umbilicus or upper abdomen, while a sec-
ond instrument is placed in a suprapubic location to allow 

Figure 25-3. Barium enema demonstrating a rectosigmoid stricture.
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manipulation of the pelvic and abdominal viscera. A thorough 
examination of the entire abdomen and especially the pelvis 
is critical to enable complete assessment of the disease. Both 
ovaries should be mobilized to evaluate the pelvic peritoneum, 
and the uterus should be manipulated to allow complete visu-
alization of the cul-de-sac of Douglas, uterosacral ligaments, 
sigmoid colon, and ureters. It is important to view the base of 
the appendix as well as the distal small bowel.

Obtaining a complete assessment of the abdominal and 
pelvic viscera can be technically demanding. The accuracy 

of laparoscopy is completely dependent on the surgeon’s 
visual evaluation of the abdomen and pelvis. The findings 
of endometriosis can be very subtle, and several studies 
have demonstrated that visually normal peritoneum may 
have microscopic evidence of endometriosis.41 The extent of 
endometriosis should be carefully documented and staged. 
The current staging system has been formulated primarily 
for infertility and was revised by the American Society for 
Reproductive Medicine in 1998 (Figure 25-4).42 This revi-
sion is certainly an improvement over previous staging systems 

Figure 25-4. Revised American Society for Reproductive Medicine 1996 classification of endometriosis.
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that were more concerned with adhesions than with implants. 
Virtually all patients with intestinal lesions requiring resec-
tion are Stage IV, especially if they have cul-de-sac involve-
ment.

The current classification system, however, is often not 
useful for the gastrointestinal surgeon. The more critical 
information for the surgeon is the identification and location 
of intestinal lesions. There is no uniform type of endometrial 
lesion. The classic implant is nodular with a variable degree 
of fibrosis and pigmentation. The color may be black, white, 
brown, blue, or even red. The appearance of the lesion may 
be vesicular, popular, or hemorrhagic (Figure 25-5). Glan-
dular tissue is found in the great majority of these lesions. 
Lesions may change color or consistency over time, with 
red lesions noted early in the course of the disease and blue/
black ones typical of older implants. Healed implants appear 
as fibrotic nodules. There are also a wide variety of atypi-
cal lesions occasionally associated with positive biopsies. 
The inability to definitively identify endometriosis through 
purely visual means necessitates pathologic confirmation of 
the disease before a definitive diagnosis can be made, espe-
cially in mild disease.

Implants in the cul-de-sac of Douglas, which occur in 
nearly 20% of women with endometriosis, were initially 
described by Cullen in 1920. Ninety percent of these rep-
resent an important variant that is especially relevant for the 
intestinal surgeon. Histologically, these lesions are character-
ized by desmoplastic tissue composed of fibrous and smooth 
muscle cells with strands of endometrial glands and stroma. 
The major component of the lesion is the fibromuscular tis-
sue and not the endometrial tissue typical of other locations. 
These implants are both proliferative and infiltrating and 
more than 25% extend at least 5 mm in depth.43 The depth of 
invasion may be difficult to assess laparoscopically, and the 
full extent of the implant may not be appreciated until lapa-
rotomy. The progressive fibrosis leads to narrowing of the 
intestinal lumen and occasionally to bowel obstruction.

These rectovaginal implants also behave differently during the 
menstrual cycle. There is poor to absent secretory changes 
during the luteal phase. Vasodilatation and not necrosis 
and bleeding occur at menstruation. Resistance to medical 
therapy is common with several studies demonstrating no 
significant decrease in mitotic activity in rectovaginal endo-
metriosis after GnRH agonist treatment.44 This resistance is 
thought to be due to estrogen receptor inactivity, inadequate 
drug access, or genetic programming that is only secondarily 
affected by estrogen.

Treatment

Treatment options for women with endometriosis are cur-
rently based upon the severity and type of symptoms.  
Currently, the prevention of endometriosis is not yet pos-
sible, and therefore treatment is primarily begun to ame-
liorate symptoms. Some women with endometriosis are 
completely asymptomatic and the implants are found inci-
dentally at the time of surgery for other reasons. A study 
by Martin et al.45 revealed that 25% of women undergo-
ing elective tubal ligation had asymptomatic endome-
trial implants. This finding strongly suggests that not 
all women with endometriosis require treatment. Other 
authors have analyzed the prevalence of endometriosis 
in these asymptomatic women with regard to the time 
from their last pregnancy. They discovered that the odds 
of having endometrial implants increased significantly at 
10 years following the last pregnancy.5,46 Consequently, as 
the natural history appears unclear, long-term follow-up of 
these patient cohorts may demonstrate late development 
of symptoms and the need for more aggressive medical or 
surgical management.

Before the introduction of diagnostic laparoscopy in 
the 1960s, exploratory laparotomy was the only modality 
available for the diagnosis and treatment of endometrio-
sis. Laparoscopy revolutionized the diagnostic evaluation 
of these women and allowed patients with limited disease 
to undergo medical therapy. With improvements in lap-
aroscopic techniques and equipment in the past decade, 
notably the development of laparoscopic laser techniques, 
many if not most early endometrial lesions can now be 
ablated at the time of diagnosis. Even complex excisional 
surgery involving the bowel and ureter can be occasion-
ally performed safely via a laparoscopic approach in 
many patients. As advanced laparoscopic techniques have 
become more widespread, the indications and use of medical 
therapy is also evolving.

Medical Management

Medical therapy is designed to treat the symptoms of endo-
metriosis, notably pelvic pain. As pelvic pain may have 
causes other than the endometriosis seen during laparoscopy, 

Figure 25-5. Endometrial implants with hemorrhagic centers and 
fibrosis.
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a trial of ovarian suppression is often used to help determine 
the contribution of the pain from the endometrial implants. 
In those patients with infertility, with or without pelvic 
pain, the primary goal is an intrauterine pregnancy. After 
other causes of infertility have been excluded, ovarian sup-
pression may allow for laparoscopic removal of smaller 
endometrial lesions with optimal preservation of ovarian 
tissue.

Despite the many advances in the surgical treatment of 
endometriosis, there are still some significant advantages 
to medical therapy. Surgery can remove only lesions that 
are both visible and accessible. Microscopic disease or 
disease on vital structures is often left behind. Subsequent 
recurrence is not surprising. Additionally, there are com-
plications associated with ablative surgery in the pelvis, 
especially if the woman requires multiple attempts at con-
trol of her disease. For infertile women, the adhesions that 
can form after any pelvic surgery may further impair the 
ability to conceive. In addition, laser destruction of ovarian 
implants may destroy germinal tissue and conceivably limit 
the reproductive potential from the involved ovary. In lim-
ited disease, medical therapy is comparable with surgery 
in terms of relief of symptoms, recurrence of disease, and 
subsequent pregnancy rates. Finally, medical therapy does 
not require specialized training or equipment and is much 
less costly than surgery.

Medical therapy alone also has significant potential disad-
vantages. All the hormonal therapies subsequently discussed 
have side effects and often require prolonged treatment. For 
example, medical therapies manipulate the hormonal envi-
ronment to suppress the cyclic secretion of ovarian estrogen 
and progesterone, and this suppression induces atrophy of 
the ectopic endometrium so that over several months the 
implants regress. Advanced lesions, especially those with 
a nodular, proliferative histology will often only partially 
regress. No current hormonal regimen can completely eradi-
cate these lesions, and upon cessation of therapy, the lesions 
may again become symptomatic.

Oral Contraceptives

The first effective medical therapy for endometriosis was 
introduced by Kistner. He proposed the administration 
of high dose, continuous estrogen/progestogens in 1958. 
These agents result in the induction of pseudo-pregnancy 
with hyperhormonal amenorrhea. Pituitary and ovarian 
function is thereby suppressed, and in the later stages of 
the treatment regimen, endometrial implants resorb and 
resolve. The usual treatment regimen consists of daily 
administration of a tablet for 6–9 months. When Vercellini 
and colleagues47 compared oral contraceptives with GnRH 
agonists, they found that deep dyspareunia and pelvic 
pain were reduced in both groups, with fewer side effects 
experienced by the oral contraceptive women. Pain relief 
appeared similar in the two groups at 1 year. Side effects 

rarely cause cessation of treatment, but exacerbation of 
endometriotic symptoms may occur early in the course of 
treatment.

Another drug regimen used for the treatment of endo-
metriosis involves the administration of synthetic pro-
gestogens alone. This may induce a pseudo-pregnancy 
by acting in concert with endogenous estrogens. Ovarian 
suppression is often inconsistent. Both oral and depot 
preparations are available. In patients who do not desire 
pregnancy and in whom surgery is contraindicated, depot 
progestogens have been effective in ameliorating pelvic 
pain with equivalent efficacy to danazol.48 Side effects 
include breakthrough vaginal bleeding, weight gain, and 
fluid retention.

Danazol

Danazol was first used extensively for endometriosis in 
the mid-1970s, and until the introduction of GnRH ago-
nists (GnRH-a), was the most widely used drug for sup-
pression of the ectopic endometrium. Danazol lowers 
peripheral estrogen and progesterone levels by a direct 
effect on ovarian steroidogenesis and pituitary production 
of FSH and LH. Danazol also binds directly to endome-
trial cellular receptors leading to atrophy and suppression 
of proliferation. In addition, danazol is a potent immu-
nomodulator with beneficial effects on both humoral and 
cellular immunity.49

The side effects of danazol necessitate discontinuation 
in less than 5% of patients for short courses, but are poorly 
tolerated for long-term suppression.50 Predictable manifesta-
tions of menopause are most common. Danazol also raises 
free testosterone levels and produces a hyperandrogenic 
state, especially at lower doses. Hirsutism, acne, weight 
gain, and deepening voice changes may occur. In addition, 
since danazol alters lipid metabolism and liver function, it 
should not be used in women with elevated liver enzymes, 
liver disease, or complications of atherosclerosis.

Gonadotropin-Releasing Hormone Agonists

The introduction of GnRH-a as a new treatment modality 
for endometriosis has improved results primarily by a reduc-
tion in side effects. GnRH-a is synthetic molecules derived 
from the ten peptide long GnRH. Continuous administration 
of GnRH-a completely suppresses pituitary release of FSH 
and LH. Administered either by injection or intranasally 
beginning in the mid-luteal phase of the menstrual cycle, 
the current recommended length of therapy is 6 months. 
Pain relief is complete in over 50% of women and signifi-
cantly decreased in over 90%. Laparoscopic evaluation after 
6 months of treatment indicates resolution or a significant 
decrease in size of the lesions in the majority of patients. 
Studies comparing danazol and GnRH-a indicate similar 
clinical efficacy.51
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Side effects of GnRH-a are predictably, due to the some-
times, profound hypoestrogenic state many of these women 
experience. Cessation of therapy for side effects is uncom-
mon. The degree of bone loss that can occur with the typi-
cal 6-month treatment regimen is unclear, but GnRH-a is not 
recommended for women with osteoporosis. Interestingly, a 
potentially serious complication can result when GnRH-a is 
inadvertently administered at the wrong point in the men-
strual cycle, and a brief period of hypersecretion of FSH 
and LH occurs. Rarely, this upsurge in gonadotropin activ-
ity may precipitate an acute exacerbation in endometriotic 
symptoms, occasionally necessitating emergency surgical 
intervention.52

Surgical Management

Surgical treatment of endometriosis has evolved signifi-
cantly over time. Before the advent of laparoscopy and sup-
pressive medical therapy, most operations were performed 
for advanced disease and consisted of radical removal of 
the uterus and ovaries. While the most effective treatment 
of pelvic pain still consists of surgical castration along with 
resection of the endometrial implants, many of these young 
patients strongly desire to maintain their options for preg-
nancy. Currently, surgery is considered conservative only 
when reproductive potential is preserved. Therefore, the 
major goal of surgical therapy for endometriosis is to com-
pletely excise or ablate the endometrial implants. Second-
ary goals include the preservation of ovarian function and 
minimizing postoperative adhesion formation. Currently, we 
approach these patients in concert with gynecologists expe-
rienced with treating ovarian endometriosis to completely 
remove all gross disease, restore normal anatomy, and opti-
mize fertility.

General Principles

Endometriosis is an invasive disease that can extend deeply 
into the retroperitoneum and is often surrounded by a rim of 
fibrosis that may make it difficult to completely assess the 
true extent of the implant. Removal of the lesions requires 
sharp excision or vaporization with electrocautery and/or the 
CO

2
 laser. Both techniques have the potential for iatrogenic 

injury to the intestinal or urinary tracts. Recognizing when 
a lesion is completely ablated is highly dependent on sur-
gical technique and the expertise of the surgeon. Utilizing 
techniques that minimize injury to the surrounding tissue, 
such as a cutting current to outline lesions to be removed 
by electrocautery and high-power density settings with the 
CO

2
 laser are desirable. Laparoscopic hydrodissection is also 

very useful in identifying normal surrounding tissue.
Meticulous hemostasis and frequent irrigation are criti-

cal to maintaining good visualization of the operative field 
in both open and laparoscopic surgery. Tissue planes are 
often distorted, especially in the cul-de-sac of Douglas, and  

intraoperative instrumentation of the vagina or proctoscopic 
evaluation of the rectum may help to avoid iatrogenic injury 
to these structures. Finally, minimizing tissue trauma with 
gentle handling will decrease adhesions and maximize 
potential fertility.

All patients undergoing surgery for advanced endometrio-
sis, either by an open or laparoscopic approach, should have 
a full mechanical and antibiotic bowel preparation. Prophy-
lactic antibiotics and other appropriate practices for patients 
undergoing major abdominal or pelvic surgery are standard. 
Patients are positioned in the low-lithotomy position with 
access to both the vagina and rectum for instrumentation. 
Ureteral stents are liberally used and are especially useful in 
women with severe obliterative disease in the cul-de-sac and 
in reoperative pelvic surgical procedures.

Provided that complete removal of the endometriosis is 
performed, no specific technique or approach has been proven 
to be superior. With endometriosis, the surgeon’s experience 
and skill are paramount. In experienced hands, laparoscopic 
removal of extensive endometriosis can be accomplished. 
However, removal of deep lesions in the rectovaginal sep-
tum necessitating bowel resection still often requires open 
laparotomy to safely and completely excise the endometrial 
implant with restoration of intestinal continuity.

The management and techniques concerning the surgical 
treatment of ovarian and ureteral endometriosis are exten-
sively discussed in the appropriate gynecologic and urologic 
literature. This discussion on surgical therapy will concen-
trate on management of intestinal lesions.

Rectovaginal Endometriosis

Endometriosis of the cul-de-sac of Douglas that extends into 
the rectovaginal septum is the most common site of intesti-
nal involvement and may require intestinal resection. These 
lesions are often deep fibrotic nodules that extend from the 
posterior vagina and anterior rectum to the uterosacral liga-
ments (Figure 25-6). Small superficial lesions involving the 

Figure 25-6. Deep infiltrating endometrial implant of the recto-
sigmoid.
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intraperitoneal rectum may be vaporized with the CO
2
 laser 

or electrocautery. When using either technique, it is criti-
cal to initially outline the lesion to be removed to ensure 
complete extirpation, because distortion of the planes and 
tissue can otherwise make it difficult to assess the complete-
ness of excision. Cutting current as opposed to coagulating 
current is preferred. The former technique minimizes car-
bonization that can make it challenging to recognize when 
an adequate depth has been achieved by the appearance of 
normal tissue. After the lesion is removed, the bowel wall 
is carefully assessed. Since most of these superficial lesions 
can be removed without entering the mucosa, the defects 
can be closed with interrupted transversely placed Lembert 
stitches.

Surgical treatment of the deeper lesions is more contro-
versial. Removal of the rectosigmoid with reanastomosis is 
technically demanding and should be performed by skilled 
intestinal surgeons to minimize complications in these young 
patients. As experience has grown, there has been a shift to 
more aggressive therapy, usually in conjunction with gyne-
cologists who remove endometrial deposits on the ovaries, 
fallopian tubes, and uterosacral ligaments. Medical treat-
ment has not proven adequate for infiltrating intestinal or 
urologic lesions, so it is no surprise that castration alone has 
also proven ineffective.53 Many of these women suffer from 
chronic pain or partial colonic obstructive symptoms follow-
ing bilateral salpingo-oophorectomy when the endometrial 
implant is not resected. As a result, excision of the implant 
either with a disk of rectal wall or a formal anterior resec-
tion is recommended for women with symptoms related to 
the endometriosis. Both procedures can occasionally be per-
formed laparoscopically, if the endometriosis is completely 
removed. Unfortunately, laparoscopy may miss lesions that 
are not visually apparent and discernible only by palpation. 
It should be noted, however, that for severe disease laparo-
scopic ablation, when possible, had similar crude pregnancy 
rates in comparison to laparotomy, and both techniques were 
clearly superior to medical management alone.54

The infiltrating nodular endometrial implants involving 
the rectovaginal portion of the cul-de-sac often invade both 
the vagina and rectum. Since the removal of the implant 
will require resection of a portion of the rectal wall, dis-
section of the lesion from the vagina allows for en bloc 
removal of the lesion with the rectal wall. There is often no 
discernible plane between these lesions and the walls of the 
rectum or vagina. Care must be taken to avoid the penetra-
tion of the vaginal wall with possible injury to the cervix, 
especially in women desiring eventual pregnancy. Often it 
is advantageous to mobilize the rectum in the posterior and 
lateral tissue planes to adequately define the lesion before 
attempting the anterior dissection. Blunt dissection of the 
rectovaginal plane below the area of involvement may help 
clarify the distorted anatomy and avoid inadvertent entry 
into the bowel lumen. After careful dissection of the lesion 
from the vagina, the normal rectovaginal plane is reached, 

and the fixed, hard mass may suddenly become mobile and 
amenable to resection.

Disk excision of the anterior rectal wall, by either lap-
aroscopic or open technique, is performed for single lesions 
usually less than 3 cm in diameter (Figure 25-7A–D). After 
marking the lesions circumferentially with electrocautery, 
stay sutures are placed on either side of the endometrial 
implant. Full-thickness bowel wall excision is then per-
formed with the cutting current electrocautery. Interrupted 
transverse absorbable sutures are subsequently placed to 
close the resulting defect. It is critical that a rim of normal 
bowel wall be removed with the lesion to ensure complete 
removal of the lesion. Remorgida et al.55 in 2005 evaluated 
full-thickness disk excision of bowel implants and discov-
ered that 40% were incomplete. They postulated that not all 
endometriotic lesions are surrounded by fibrosis and conse-
quently not included in the specimen.

Segmental resection of the rectosigmoid is performed for 
larger lesions or when neoplasia is a concern. Margins are to 
grossly normal colon, and unless there are multiple lesions, 
a large colonic resection is not required. High ligation of 
the sigmoid vessels is also unnecessary, and the anastomo-
sis may be either hand-sewn or stapled. When resection is 
performed laparoscopically, the involved segment may be 
removed by extending one of the port sites. Nezhat and col-
leagues56 have described a technique of prolapsing the lesion 
outside the anus for resection. Redwine et al.57 described a 
transvaginal approach for specimen removal. Open or lap-
aroscopic excision of these deeply infiltrating rectovaginal 
lesions is very technically demanding. The lack of discern-
able tissue planes, the intimate association of the rectum and 
vagina, and the frequent occurrence of distal infiltration of 

Figure 25-7. Disk excision of an endometrial implant.
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endometriosis down to the mid-to-lower rectum makes lap-
aroscopic resection possible only by surgeons very experi-
enced in complex intestinal laparoscopy. Even in the hands 
of experienced laparoscopists, rectovaginal fistula requiring 
ileostomy has been reported to occur following these resec-
tions.56 In fact, Darai et al.58 in 2007 recommended that a 
protecting ileostomy be performed when combined resection 
of the vaginal and rectal walls is performed laparoscopically 
to minimize the high risk of anastomotic complications. Our 
current approach is to place omentum between the rectum 
and the vagina, if the suture lines are in contact. Proctoscopic 
insufflation to assess for leak is practiced routinely by the 
authors with all rectal anastomoses, whether performed open 
or laparoscopically.

Small Bowel and Appendiceal Endometriosis

While endometriosis involving the small bowel or appendix is 
much less common than rectosigmoid disease, careful inspec-
tion of these organs is critical in patients with advanced endo-
metriosis to ensure complete removal of all gross disease and 
to minimize recurrence. Superficial small bowel implants may 
be treated with sharp excision, electrocautery, or the laser, as 
described above. Deeper implants may require small bowel 
resection, and, if within 5 cm of the ileocecal valve, may 
need an ileocecectomy. Appendiceal endometriosis is treated 
with appendectomy. Occasionally, a surgeon will encounter 
a patient with an endometrial implant while operating for 
another condition. While the lesion may exhibit a classic visual 
appearance consistent with endometriosis, a biopsy to confirm 
the diagnosis and exclude malignancy is important. Several 
studies have suggested that few patients with small asymp-
tomatic endometrial implants of the appendix will become 
symptomatic, but no study has yet defined the natural history 
of these lesions. As a result, for those patients with asymp-
tomatic endometriosis observation is probably sufficient, but 
hormone replacement therapy should be avoided.

Results After Surgical Therapy

Recurrence of endometriosis after surgical excision is dif-
ficult to assess because of a wide variability in the operative 
approach to endometriosis by various authors and the obvi-
ous need for postoperative laparoscopy to document asymp-
tomatic recurrence. While there are no long-term prospective 
studies to date, the larger studies suggest a histologically 
confirmed rate of recurrent endometriosis of approximately 
19%.59 Gauging the response to surgery by the resolution 
of preoperative pelvic pain or infertility is easier to mea-
sure. The largest series of intestinal resections for advanced 
intestinal endometriosis by Bailey et al.60 found that 86% of 
patients had complete or near complete relief of their pre-
operative pelvic pain. In addition, a 50% crude pregnancy 
rate was achieved which was comparable with rates found 
when treating much lower stages of disease. These results 
in over 130 cases with a median follow-up of 5 years were 

achieved with minimal morbidity, no anastomotic leaks, and 
no documented instance of recurrent colorectal endometrio-
sis. Laparoscopic series of intestinal resections performed 
for extensive endometriosis have reported similar pregnancy 
rates albeit with smaller number of cases, higher complica-
tion rates, and shorter long-term follow-up.

Combined Medical and Surgical Therapy

Both medical and surgical therapies for endometriosis have 
potential reasons why each treatment alone may not be suc-
cessful in eradicating the disease and minimizing recurrence. 
Medical therapy affects endometrial implants variably, and 
there is a high instance of recurrence following cessation of 
therapy. Surgery may not remove microscopic disease, and 
postsurgical adhesions may contribute to postoperative pel-
vic pain and infertility. For these reasons, combination ther-
apy either pre- or postoperatively has been used for several 
years, although with a paucity of prospective randomized 
data to conclusively prove long-term improvement in recur-
rence and symptoms.

The rationale for preoperative medical therapy conducted 
over a period of 3–6 months is principally to decrease the 
inflammation and possibly the size of the endometrial 
implants. Presumably, this therapy will allow easier exci-
sion with diminished adhesion formation. Medical therapy 
may also reduce the vascularity of endometrial implants. 
A prospective study by Buttram et al.61 in 1985 revealed 
an improvement in pregnancy rates with 6 months of dana-
zol given preoperatively with all stages of endometriosis. 
The optimal length of therapy and long-term (and not just 
delayed) recurrence rates must still be elucidated. Postopera-
tive treatment with danazol and oral contraceptive pills has 
not been shown to have durability, and the initial excitement 
over improved recurrence rates at 12 months has not been 
duplicated after longer follow-ups. Our current use of com-
bined therapy is a 3–6 month course of a GnRH-a prior to 
definitive surgery.

Conclusion

The diagnosis and management of intestinal endometriosis 
has evolved tremendously over the last 20 years with the 
widespread availability of laparoscopy and a clear under-
standing of the necessity to remove all endometrial implants 
in symptomatic patients. With the advent of stapling devices 
that facilitate low pelvic anastomoses, the intestinal sur-
geon should be able to resect the endometrial implants and 
restore bowel continuity in virtually all patients with mini-
mal morbidity and preserved fertility, when desired. Further 
improvements in outcomes will probably not occur until a 
better understanding of the precise etiology and growth of 
the endometrial implant is discovered.
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Trauma of the Colon and Rectum
David B. Hoyt and Michael E. Lekawa

Colon Injuries

Optimal management of colon injuries continues to be an 
evolving and controversial topic. Despite the dramatic 
reduction of colon-related mortality from about 60% during 
World War I to about 40% during World War II to about 10% 
during the Vietnam War and to lower than 3% in the last 
few decades, the colon-related morbidity remains high. The 
abdominal sepsis rate has remained significant at about 20% 
in a large prospective study in 2001 (Table 26-1).1–6 No other 
organ injury is associated with a higher septic complica-
tion rate than colon injury. In the subgroups of patients with 
colon injuries with a Penetrating Abdominal Trauma Index 
(PATI) ³25 or with multiple blood transfusions, the incidence 
of intraabdominal sepsis has been reported to be as high as 
27%.7 In patients with destructive colon injuries requiring 
resection, the reported incidence of abdominal complica-
tions is about 24%.6 Many studies have attempted to identify 
risk factors for complications and create an  optimal manage-
ment strategy.

Epidemiology

The vast majority of colon injuries are due to  penetrating 
trauma. In American urban centers, firearms are by far 
the most common cause of injury. In anterior or posterior 
abdominal gunshot wounds, the colon is the second most 
commonly injured organ after the small bowel, and it is 
involved in about 27% of cases undergoing laparotomy.8,9 In 
anterior abdominal stab wounds, the colon is the third most 
commonly injured organ after the liver and small bowel, and 
an injury is found in about 18% of patients undergoing lapa-
rotomy. In posterior stab wounds, the colon is the most com-
monly injured organ and is injured in about 25% of patients 
undergoing laparotomy.10 In abdominal gunshot wounds, the 
transverse colon is the most commonly affected segment. In 
stab wounds, the left colon is the most commonly injured 
segment, probably due to the predominance of right-handed 
assailants.

Blunt trauma to the colon is uncommon and is diagnosed 
in about 0.5% of all major blunt trauma or in 10.6% of 
patients undergoing laparotomy.11,12 Most of these injuries 
are of partial thickness, and only 3% of patients undergo-
ing laparotomy have full-thickness colon perforations.11,13 
Motor-vehicle trauma is the most common cause of blunt 
colon injury. Deceleration injuries may cause avulsion of the 
colon from the mesentery, resulting in ischemia but blow-
out perforations due to transient closed loop formation may 
occur as well. Seat belts increase the risk of hollow viscous 
perforations, and the presence of a seat-belt mark sign is a 
predictor of hollow viscous injury. In rare cases, colonic wall 
hematoma or contusion may result in delayed perforation, 
several days after the injury. The left colon is the most com-
monly injured segment followed by the right colon and the 
transverse colon.11

Diagnosis

The diagnosis of colon injury is almost always made intra-
operatively. However, with the introduction of selective 
nonoperative management of penetrating abdominal trauma, 
there has been a concern of missing colon injuries. This is 
particularly important in penetrating injuries of the back 
because small retroperitoneal colon injuries may not give 
early clinical signs. A rectal examination may show blood 
in the stool, especially in cases with distal colon or rectal 
injuries. A preoperative upright chest film may show free air 
under the diaphragm. The colon can reliably be evaluated by 
water-soluble contrast enema studies or abdominal CT scan 
with soluble rectal contrast. Retroperitoneal gas or contrast 
extravasation is diagnostic and an exploratory laparotomy 
should be performed. Otherwise, one trial from Grady 
Memorial Hospital found that all significant injuries were 
clinically evident within 18 h.14 Other investigations such as 
ultrasound or diagnostic peritoneal lavage are unreliable in 
the evaluation of suspected colon injuries due to its retroperi-
toneal location. The preoperative diagnosis of colon injury 
following blunt trauma can be a major challenge, especially 
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if the patient is unevaluable due to  associated head injuries. 
The diagnosis may be suspected by the presence of free 
air or thickened colonic wall on the routine abdominal CT 
scan. In some cases, the diagnosis may be delayed by many 
days with catastrophic consequences. Intraoperatively, every 
paracolic hematoma due to penetrating trauma should be 
explored and the underlying colon should be evaluated care-
fully. Failure to adhere to this important surgical principle 
may lead to serious complications. Paracolic hematomas 
due to blunt trauma should not undergo routine exploration 
unless there is evidence of colon perforation.

Colon Injury Scale

The American Association for the Surgery of Trauma 
(AAST) developed a grading system for organ injuries to 
have objective criteria for the classification of the severity of 
the injury and enable reliable comparisons of results. On the 
basis of the injury grade, an abbreviated injury score (AIS) 
is assigned and may be used for the calculation of the injury 
severity score (ISS). The AAST colon injury scale is shown 
in Table 26-2.

Operative Management

Historical Perspective

The first guidelines regarding the management of colon inju-
ries were published by the United States Surgeon General 

in 1943 and mandated proximal diversion or exteriorization 
of all colon wounds.15 This unusual directive was initiated 
because of the very high mortality of colorectal injuries dur-
ing the early years of World War II. The mortality in both 
civilian and military reports exceeded 50%.16,17 Although 
these guidelines were not based on any scientific evidence, 
they were credited for the significant reduction of mortality 
in the last years of the war. However, during this period, 
many other major changes in trauma care took place. Faster 
evacuation from the battlefield and early definitive care, 
improved resuscitation protocols, and the introduction of 
penicillin and sulfadiazine could all have contributed to the 
reduction of mortality. The policy of mandatory colostomy 
for all colon injuries remained the unchallenged standard of 
care until the late 1970s. Stone reported the first major sci-
entific challenge of this policy in 1979.18 In a prospective 
randomized study, which excluded patients with hypoten-
sion, multiple associated injuries, destructive colon injuries, 
and delayed operations, the authors concluded that primary 
repair was associated with fewer complications than colos-
tomy. The exclusion criteria were perceived as risk fac-
tors for anastomotic leak and were absolute indications for 
diversion.

With mortality rates due to colon-related complications 
improving over the next few years, surgeons challenged 
the validity of the “standard” contraindications for pri-
mary repair or resection and anastomosis. A few prospec-
tive randomized studies with no exclusion criteria (class I 
evidence) confirmed the safety of primary repair, at least in 
nondestructive colon injuries. Another alternative to primary 
repair or colostomy was exteriorized repair, which was intro-
duced in the 1970s. With this technique, the sutured colon 
was exteriorized and observed for 4–5 days. If the repair 
remained intact during this period of observation, the colon 
was returned to the abdominal cavity. If the repair leaked, it 
was converted to a loop colostomy.19,20 The enthusiasm for 
this approach waned in the 1980s due to the overwhelming 
evidence of the superiority of primary repair.

In the 1990s and 2000s, primary repair became the 
 standard of care in most cases, although there is still some 
skepticism by many surgeons, especially in the presence 
of certain risk factors such as destructive colon injuries, 
severe contamination, multiple injuries, and delays in 
 treatment.

Nondestructive Colon Injuries

There is now enough class I evidence (prospective random-
ized studies) supporting primary repair in all nondestructive 
colon injuries (injuries involving <50% of the bowel wall 
and without devascularization, i.e., AAST Grade I or II, irre-
spective of risk factors.) In a randomized study of 56 patients 
with no exclusion criteria, Chappuis et al. concluded that pri-
mary repair should be considered in all colon injuries irrespec-
tive of risk factors.2 In another landmark study, Sasaki et al. 

Table 26-2. American Association for the Surgery of Trauma (AAST) 
colon injury scale

Grade Injury description

I (a) Contusion of hematoma without devascularization
(b) Partial thickness laceration

II Laceration £50% of circumference
III Laceration >50% of circumference
IV Transection of the colon
V (a) Transection of the colon with segmental tissue loss

(b) Devascularized segment

Table 26-1. Incidence of abdominal septic complications in colon 
injuries (prospective studies)

Author, year Number of patients Abdominal sepsis (%)

George, 19891 102 33
Chappuis, 19912 56 20
Demetriades, 19923 100 16
Iratury, 19934 252 17
Gonzalez, 19965 114 24
Demetriades, 20016 297 24
Overall 921 22
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randomized 71 patients with colon injuries to either primary 
repair or diversion, without any  exclusion criteria.21 The 
overall complication rate was 19% in the  primary repair 
group and 36% in the diversion group. In addition, the com-
plication rate for colostomy closure was 7%. The authors 
concluded that primary repair is the method of choice of 
treatment of all penetrating colon injuries in the civilian 
 population despite any associated risk factors for adverse 
outcome.

In 1996, Gonzalez et al.5 published another important 
prospective study in which 109 patients were randomized to 
primary repair or diversion, independent of any risk factors. 
The sepsis-related complication rate was 20% in the primary 
repair group and 25% in the diversion group. In the presence 
of certain risk factors, such as severe fecal contamination, 
shock on admission, blood loss of 1,000 ml, or more than 
two associated organ injuries, the diversion group still had 
a higher complication rate, although this difference did not 
reach statistical significance. The authors continued their 
study until the series increased to 176 patients with penetrat-
ing colon injury and concluded again that in civilian trauma, 
all penetrating colon injuries should be primarily repaired.22

Overall, collective review of all available prospective ran-
domized studies (class I evidence) identified 160 patients 
with primary repair and a 13.1% incidence of abdominal 
sepsis complications. In the group of 143 patients treated 
with diversion, the abdominal sepsis complication rate was 
21.7% (Table 26-3). In addition to the available class I evi-
dence, numerous prospective observational studies (class 
II evidence) demonstrated the superiority of primary repair 
over diversion in nondestructive injuries.1,3,4,23 In conclusion, 
there is sufficient class I and II data to support routine pri-
mary repair of all nondestructive colon injuries, irrespective 
of risk factors for abdominal complications. No study has 
ever shown that colostomy is associated with better results 
than primary repair.

Despite the available scientific evidence, there is still 
some skepticism about liberal primary repair, and many sur-
geons still consider colostomy as the procedure of choice in 
many colon injuries. In a survey of 317 Canadian surgeons in 
1996, 75% of them chose colostomy in low-velocity gunshot 
wounds to the colon.24 In a 1998 survey of 342 American 
trauma surgeons, members of the AAST, a colostomy was 

the procedure of choice in 3% of colon perforations with 
minimal spillage, in 43% of perforations with gross spillage, 
in 18% of colon injuries involving >50% of the wall, and in 
33% of cases with colon transection.25 More recently, in a 
review of 99 colon injuries treated at one center from 1996 to 
2006, 31% of patients have been treated with diversion.26 It 
is obvious that dogma still plays a significant role in modern 
trauma surgery.

Destructive Colon Injuries

Until recently, there was no sufficient class I or II data regard-
ing the management of destructive colon injuries requiring 
resection (loss of >50% of bowel wall or devascularization). 
Until the last decade, the available prospective randomized 
studies included only 36 patients with colon resection and 
anastomosis. The overall incidence of anastomotic leak was 
2.5% and no deaths occurred. All these studies recommended 
primary anastomosis irrespective of the presence of any risk 
factors for abdominal complications.2,21,22 In a 1998 prospec-
tive, but not randomized, study on colon injuries by Corn-
well et al.,7 there were 25 patients with destructive colon 
injuries treated by resection and anastomosis and two patients 
treated by resection and colostomy. All patients had a 
PATI ³ 25 or were transfused with ³6 units of blood, or the 
operation was delayed by ³6 h from the time of injury. There 
were two anastomotic leaks (8%) and both were fatal. The 
study concluded that some high-risk patients with destruc-
tive colon injuries might benefit from diversion. Unfortu-
nately, the study did not include enough patients with 
diversion for comparison with the primary anastomosis 
group. There are two retrospective studies, which included 
only destructive colon injuries requiring resection: Stewart 
et al.27 analyzed 60 patients, 43 of which were managed by 
resection and anastomosis and 17 by diversion. The overall 
anastomotic leak rate was 14%, and in the subgroup of 
patients with blood transfusion >6 units the leak rate was 
33%. The authors suggested that primary anastomosis should 
not be performed in patients receiving massive blood trans-
fusions or in the presence of underlying medical illness. 
Another retrospective study from Los Angeles analyzed the 
complications in a series of 140 patients with destructive 
colon injuries requiring resection.28 The incidence of intraab-
dominal sepsis was similar in the groups with primary anas-
tomosis or diversion. Univariate analysis identified PATI ³ 25 
or hypotension in the emergency room to be associated with 
increased risk of anastomotic leak. The study suggested that 
a diversion procedure might be appropriate in these high-risk 
subgroups of patients.

In summary, until 2000, the available prospective random-
ized studies, which include only a small number of cases, 
recommend resection with anastomosis irrespective of risk 
factors. Two large retrospective studies advocate diversion 
in the subgroups of patients with certain risk factors such as 
PATI ³ 25, multiple blood transfusions, or  associated  medical 

Table 26-3. Primary repair versus diversion: prospective random-
ized studies with no exclusion criteria

Study

Primary repair Diversion

No. of 
patients

Abdominal septic 
complications (%)

No. of 
patients

Abdominal 
 complications (%)

Chappuis2  28  4 (14.3)  28  5 (17.9)
Sasaki21  43  1 (2.3)  28  8 (28.6)
Gonzalez22  89 16 (18)  87 18 (21)
Total 160 21 (1,301) 143 31 (21.7)
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illness.27,28 Subsequently, the guidelines of the  Eastern 
 Association for the Surgery of Trauma (EAST) published 
in 1998 supported resection and primary anastomosis in the 
subgroups of patients with destructive colon injuries if they 
(a) are hemodynamically stable intraoperatively, (b) have 
minimal associated injuries (PATI < 25, ISS < 25), (c) have 
no peritonitis, and (d) have no underlying medical illness. 
The guidelines suggest that patients with shock, significant 
associated injuries, peritonitis, or underlying disease should 
be managed with resection and colostomy.29 However, these 
guidelines were based on class III evidence. In their review 
of the literature, there were only 40 patients in class I studies 
with resection and anastomosis, and the anastomotic leak 
rate was 2.5% without mortality. In class II studies, there 
were only 12 patients who underwent resection and anasto-
mosis, and the leak rate was 8.3% without mortality. In class 
III retrospective studies, there were 303 patients with a leak 
rate of 5.2% and three deaths (1%) due to the leak.

In view of the lack of large prospective studies in the lit-
erature, the AAST sponsored a prospective multicenter study 
to evaluate the safety of primary anastomosis or diversion 
and identify independent risk factors for colon-related com-
plications in patients with destructive colon injuries requir-
ing resection.6 This study, published in 2001, included 297 
patients with penetrating injuries requiring colon resection 
(rectal injuries were excluded) that survived at least 72 h. The 
overall colon-related mortality was 1.3% (4 deaths) and all 
deaths occurred in the diversion groups (P = 0.01). The over-
all incidence of abdominal complications was 24%, and the 
most common complication was an intraabdominal abscess 
(19% of patients) followed by fascia dehiscence (9%). The 
incidence of anastomotic leaks was 6.6%. Multivariate anal-
ysis identified three independent risk factors for abdominal 
complications: severe fecal contamination, ³4 units of blood 
transfusions within the first 24 h, and single-agent antibi-
otic prophylaxis. If all the three risk factors were present, the 
incidence of abdominal complications was about 60%; if any 
two factors were present, the complications rate was 34%; if 
only one factor was present, this figure was about 20%, and 
with no risk factors it was 13%. The method of colon man-
agement, delay of operation >6 h, shock at admission, site of 
colon injury, PATI > 25, ISS > 20, or associated intraabdomi-
nal injuries were not found to be independent risk  factors. 

In a second analysis, the group of patients with primary 
 anastomosis was compared with the group with diversion, 
using multivariate analysis that controlled for PATI > 25, 
transfusion >6 units of blood, >6 h delay of operation, shock 
at admission, and severe fecal contamination. These factors 
have been described in previous studies as significant risks 
for abdominal complications. With colon diversion serving 
as reference (RR 1.00) for comparison, the adjusted relative 
risk of primary anastomosis was exactly the same (1.00).

In a similar analysis according to subgroups with ileocolos-
tomy, colocolostomy, ileostomy, and colostomy, the adjusted 
relative risk of abdominal complications was similar. In another 
analysis, all patients were classified into either a high-risk 
group (if any of the following factors was present: hypoten-
sion at admission, blood transfusions >6 units, delay of opera-
tion >6 h, severe peritoneal contamination, or PATI > 25) or a 
low-risk group if none of the above risk factors was present. 
These risk factors are considered by many surgeons as strong 
indications for diversion. The colon-related mortality in the 
high-risk patients was 4.5% (4 of 88 patients) in the diver-
sion group and no deaths in the 121 patients who underwent 
primary anastomosis (P = 0.03). Multivariate analysis showed 
that the adjusted relative risk of abdominal complication in 
patients with primary anastomosis or diversion was similar, 
in both the low-risk and high-risk patients (Table 26-4). There 
was a trend toward shorter ICU and hospital stay in the pri-
mary anastomosis group. The study concluded that “in view 
of these findings and the fact that colon diversion is associated 
with worse quality of life and requires an additional operation 
for closure, colon injuries requiring resection should be man-
aged by primary repair, irrespective of risk factors”.6

Damage control procedures with abdominal packing and 
temporary closure of the abdominal wall with a prosthetic 
material pose a special dilemma regarding the management 
of destructive colon injuries. No studies have ever addressed 
this issue, and the existing practices are based on personal 
beliefs and experience. The authors advocate primary anas-
tomosis because of the theoretical disadvantages of having 
a colostomy, which is an open source of fecal material, near 
an open abdomen. The only conditions for which there is 
agreement for colostomy are the presence of severe colon 
edema or a questionable blood supply of the colon. In these 
situations, theoretically, a diversion procedure should be 

Table 26-4. American Association for the Surgery of Trauma (AAST) colon resection study: comparison 
of abdominal complications between primary anastomosis and diversion in high- and low-risk patients

Patient population
Primary anastomosis: 

abdominal complications (%)
Diversion: abdominal 

complications (%)
Adjusted relative  

risk (95% CI) P value

All patients 22 27 0.81 (0.55–1.41) 0.69
Low-risk* patients 13  8 1.26 (0.21–8.39) 0.82
High-risk* patients 28 30 0.90 (0.53–1.40) 0.67

* High-risk patients were those with PATI > 25, severe fecal contamination, 6 h from injury to operation, transfusion of >6 
units of blood preintraoperatively, or systolic blood pressure £90 mmHg. 
* Low-risk patients were those without any of the above risk factors.
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a safe option. Despite this evidence, the move away from 
 colostomy formation is slow and ongoing.26

Risk Factors for Abdominal Complications

The abdominal complication rate in colon injuries is very 
high, with a sepsis rate of about 20% (Table 26-1). In destruc-
tive colon injuries requiring resection, the prospective AAST 
colon resection study of 298 patients recorded an overall 
incidence of 24% of abdominal complications. Many studies 
attempted to identify risk factors for complications and, on 
the basis of these risks, to modify the treatment.

Left- Versus Right-Colon Injuries

For many years and until recently, there was an anecdotal per-
ception that left-colon injuries are associated with a higher 
risk of anastomotic leaks and septic complications than right 
colon injuries. This perception was based on theoretical rea-
sons (different anatomy and blood supply, higher concen-
tration of bacteria, and poorer healing properties in the left 
colon) rather than clinical evidence. This perception led sur-
geons to advocate liberal primary repair of right colon wounds 
and colostomy in left-colon wounds. However, no clinical or 
experimental study has ever demonstrated any healing dif-
ferences between the two sides of the colon or any evidence 
that the two anatomical sides should be treated differently. 
Experimental work in baboons, which have very similar anat-
omy and bacteriology to humans, showed no difference of 
the healing properties between the right and left colon.30 The 
study involved resection of a 10-cm segment of right colon 
and a 10-cm segment of left colon and primary anastomosis, 
without any mechanical or chemical preparation of the colon. 
The healing of the anastomosis was assessed at autopsy  
7 days postoperatively for complications (leak, local abscess), 
mechanically by measuring the breaking strength of the anas-
tomosis and biochemically by measuring the hydroxyproline 
concentrations at the anastomotic site. The study showed 
identical healing properties of the two sides of the colon.

In another study using the same model, one of the authors 
evaluated the effect of hypovolemia (blood loss of 20 ml/kg) 
on healing of the left and right sides of the colon, and again 
no differences were found (Figures 26-1 and 26-2).31

Associated Abdominal Injuries

Early studies suggested that because multiple or severe associ-
ated intraabdominal injuries (PATI > 25) are associated with a 
high incidence of septic complications, they were considered 
to be contraindications for primary repair of the colon.4,7 This 
factor was considered even more critical in destructive colon 
injuries and was suggested as an indication for diversion.29 
However, class I and II studies have shown that although mul-
tiple associated intraabdominal injuries are significant risk 
factors for intraabdominal sepsis, the method of colon manage-
ment does not affect the incidence of abdominal sepsis.3,5–7,32 

Some studies have suggested that the creation of an ostomy 
in these high-risk patients may independently contribute to 
abdominal sepsis.32 The current class I and II literature sup-
ports primary repair or resection and anastomosis in patients 
with severe or multiple associated abdominal injuries.

Military Wounds

Recent results from colon injuries incurred during the con-
flict in South Asia reflect a continued reliance on temporary 
stoma creation. This is due to a number of issues, including 
the destructive nature of the injuries, and time to transport to 
tertiary care centers in Europe and the USA. This illustrates 

Figure 26-1. Hydroxyproline concentration (biochemical marker 
of wound healing) are similar in both sides of the colon R right 
colon, L left colon (values in mg/mg). (Adapted from Sofianos C, 
Demetriades D, Oosthuizen MM, et al. The effect of hypovolemia 
on healing of the right and left colon. An experimental study. S Afr 
J Surg. 1992;30:42–3.31).

Figure 26-2. Breaking strength of the right and left colon are 
 similar: R right colon L left colon (values in N/mm2). (Adapted 
from Sofianos C, Demetriades D, Oosthuizen MM, et al. The effect 
of hypovolemia on healing of the right and left colon. An experi-
mental study. S Afr J Surg. 1992;30:42–3.31).
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the continued difficulty with translation of clinical practice 
to military practice, and vice versa.33–35

Shock

There is now sufficient class I and II evidence that preopera-
tive or intraoperative shock is neither an independent risk 
factor for abdominal sepsis nor a contradiction for primary 
colon repair or anastomosis.3,5,6,30

Blood Transfusions

Multiple blood transfusion (³4 units of blood within the first 
24 h) has been shown to be a major independent risk factor 
for abdominal septic complications.6,32 In a large prospec-
tive AAST study of 297 patients with penetrating destruc-
tive colon injuries requiring resection, blood transfusion was 
the most critical independent factor for abdominal sepsis 
(adjusted RR 2.0; 95% CI, 1.31–2.83; P = 0.001). However, 
the method of colon management did not influence the com-
plication rate in this group of patients, and primary anasto-
mosis was recommended.6

Injury Severity Score

The injury severity score (ISS) is not an independent risk 
factor for abdominal sepsis, and high ISS (>15) is not a con-
traindication for primary repair or anastomosis.3,6

Fecal Contamination

Severe fecal contamination of the peritoneal cavity is a major 
independent risk factor for abdominal sepsis.1,6,11,28,32,36,37 
This finding led some studies to suggest that the presence 
of severe contamination should be a contraindication for pri-
mary repair or anastomosis.1,11,36,37 However, all prospective 
randomized studies and recent large prospective observa-
tional studies have shown that the method of colon manage-
ment in this group of patients does not influence the septic 
complication rate and have recommended primary repair or 
anastomosis.2,5,6

Specific Associated Abdominal Injuries

There is class III evidence that the combination of colon 
injuries with pancreatic or ureteric injuries is associated with 
an increased incidence of septic complications.38,39 How-
ever, there is no evidence that the presence of any of these 
injuries is a contraindication for primary repair or anasto-
mosis.6 Common sense may dictate that the colon anastomo-
sis should be physically separated from the intraabdominal 
injury, if possible.

Time from Injury to Operation

The length of delay of surgical repair over which the sep-
tic complication rate increases is not well defined. Some 

 studies suggest ³6 h while others have suggested ³12 h 
as the critical delays associated with an increased risk of 
infections.7,23,28,40 It seems that the degree of contamination 
is much more important than the delay in surgical manage-
ment, and the time delay in itself should not be used as a cri-
terion for primary repair or diversion. In a prospective study 
of 297 destructive colon injuries, the incidence of abdominal 
complication was 11.4% (4/35) in the group of patients with 
preoperative time >6 h and 26.1% in patients with preopera-
tive times £6 h. Multivariate analysis failed to identify time 
delay as an independent risk factor.6

Retained Missiles

Missiles that passed through the colon and remained lodged 
in the tissues are not associated with increased risk of local 
sepsis, and they should be removed only if the removal 
is technically easy and does not prolong the operation. In 
a study of 84 patients with gunshot wounds of the colon, 
the bullet remained in the body in 40 and was removed in 
44. The incidence of local septic complications was 5% in 
patients with retained bullets and 7% in those without.41

Temporary Abdominal Wall Closure

Damage control laparotomy and temporary abdominal wall 
closure with prosthetic material seem to be associated with 
increased incidence of abdominal septic complications. The 
crude relative risk of abdominal sepsis in patients with tem-
porary abdominal wall closure has been reported to be 2.12 
(1.32–3.40; P = 0.005) in a study of 297 of destructive colon 
injuries requiring resection. However, multivariate analysis 
failed to identify this method as an independent risk factor.6 
A recent evaluation of delayed primary anastomosis dur-
ing damage control laparotomy by Miller et al. illustrated 
that 11 colon resections treated after damage control lapa-
rotomy with primary anastomosis had no suture line break-
down. They concluded that scheduled primary anastomosis 
is safe.42 The Denver group also illustrated the safety of 
delayed primary anastomosis after damage control laparo-
tomy.26 Another recent retrospective review by Weinberg 
et al.43 found that patients who underwent damage control 
laparotomy have a trend toward higher complications and 
anastomotic dehiscence than in single laparotomy patients. 
While this should give pause in making an absolute recom-
mendation for anastomosis after damage control laparotomy, 
the trend away from colostomy continues in most centers. 
The anastomosis is usually done on the first return to the 
operating room.

Anastomotic Leaks

Colon leaks remain the most serious complication in repaired 
or anastomosed colons. The overall incidence of suture line 
failures is fairly low. In a collective review of 35 prospective 
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or retrospective studies with 2,964 primary repairs, Curran 
reported 66 (2.2%) leaks.44 In prospective studies including 
534 patients with colon repair or resection and anastomosis, 
there were 17 (3.2%) leaks.44 The leak rate after resection and 
anastomosis is significantly higher than in simple repairs. In 
a 1999 collective review of 362 patients with resection and 
anastomosis, the overall incidence of anastomotic leak was 
5.5%.44 The same year, in another large retrospective study 
of 112 patients with penetrating or blunt colonic injuries 
treated by resection and primary anastomosis, Murray et al.28 
reported a leak rate of 9%. In a more recent multicenter pro-
spective study of 197 patients with penetrating colon injuries 
who underwent resection and primary anastomosis, the leak 
rate was 6.6%.6

The risk factors for anastomotic leak are not well defined. 
It seems that colocolostomies are associated with a higher 
incidence of anastomotic leaks than ileocolostomies.  Murray 
et al.28 reported a leak rate of 4% in 56 patients with ileo-
colostomies and 13% in 56 colocolostomies. Univariate 
analysis identified PATI ³ 25, ³6 units of blood transfusion 
and hypotension in the emergency room as risk factors for 
anastomotic leak. A multicenter prospective AAST study 
reported a leak rate of 4.2% for ileocolostomies and 8.9% 
for colocolostomies.6 The leaks occurred in patients with or 
without multiple blood transfusions, severe contamination, 
and multiple associated injuries. No significant independent 
risk factors could be identified.

Many cases of anastomotic leak that do not result in dif-
fuse peritonitis can be managed safely nonoperatively with 
a low-residue diet. In most cases, the leak results in a fecal 
fistula, which heals spontaneously within a few days. In 
other cases, the leak results in a local abscess which can 
be drained percutaneously. However, in some patients, 
the colonic leak causes severe intraabdominal sepsis, and 
a proximal diversion procedure may be required. Curran 
reported no deaths in a collective series of 66 patients 
who underwent repair for leaks.44 However, Murray et al.28 
reported 2 colon-related deaths in a group of ten patients 
with anastomotic leak. The AAST multicenter study 
reported no deaths in the 13 patients with anastomotic 
leaks. The overall mortality due to colon leak-related com-
plications in a collective review of 3,161 trauma patients 
treated with primary repair or resection and anastomosis 
was only 0.1%.6,44

In summary, colonic leaks occur more commonly in 
patients with colocolostomies than in patients with ileoco-
lostomies. External fecal fistulas can safely be managed non-
operatively with low-residue diet. Localized abscesses are 
best drained percutaneously by interventional radiology, and 
the ensuing fecal fistula almost always closes spontaneously. 
Reexploration of the abdomen and creation of fecal diver-
sion with or without resection of the leaking colon should 
be reserved only for patients with generalized peritonitis or 
failed percutaneous drainage.

Technique of Colon Repair

In nondestructive injuries, repair of the injured colon should 
be performed after debridement of the perforation. This step 
is critical in gunshot wounds when failure to debride may 
result in breakdown of the suture line. In destructive inju-
ries,  resection to normal and well-perfused edges should 
be performed, and the anastomosis should be tension-free. 
The method of anastomosis, hand-sewn or stapled, does not 
influence the incidence of abdominal complications or leak 
rate and it should be the surgeon’s preference. In a prospec-
tive AAST study of 207 patients with penetrating destructive 
injuries who underwent resection and anastomosis, 128 cases 
were managed by hand-sewn anastomosis and 79 cases by 
stapled anastomosis. The incidence of anastomotic leak was 
7.8% and 6.3%, respectively. Multivariate analysis adjusting 
for blood transfusions, degree of fecal contamination, and 
antibiotic coverage showed identical complication rates (sta-
pled anastomosis adjusted RR = 0.99).45 Further protection 
of the anastomosis with adjacent omentum is recommended 
whenever possible.

Rectal Injuries

The management of rectal trauma has undergone many 
changes in the same manner as colon injuries, with many of 
the principles of management evolving from wartime experi-
ences. The mortality related to rectal trauma has decreased 
dramatically from 67% during World War I down to today’s 
civilian reports of 0–10%.46–51 Likewise, the morbidity, which 
was as high as 72% during the Vietnam War, is now as low as 
10%.51,52 The components of management, developed from 
lessons learned from combat experiences, have remained 
controversial and include (1) diversion of fecal stream, (2) 
distal rectal washout, (3) presacral drainage, and (4) debride-
ment and closure of wounds when possible. Because of the 
paucity of class I and class II data, no consensus has been 
achieved with respect to the optimal management of rectal 
trauma.

Anatomy

The anatomy of the rectum makes it difficult to apply the 
principles of colon trauma management. The majority 
of the rectum is completely surrounded by the bony pel-
vis, making injuries infrequent and exposure difficult. The 
rectum varies in length from 12 to 15 cm, with only the 
upper two-thirds anteriorly and the upper one-third laterally 
covered by peritoneum (intraperitoneal rectum). The lower 
third of the rectum completely lacks peritoneal covering 
(extraperitoneal rectum), which makes exposure and repair 
of injuries difficult. Finally, the rectum is easily accessible 
from the anus, with the anterior peritoneal reflection only 
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approximately 6 cm from the anal verge. This results in a 
not uncommon finding of intraperitoneal injury from rectal 
foreign bodies.

Epidemiology

For various anatomical reasons, injuries to the rectum occur 
infrequently and are usually the result of penetrating trauma. 
In most series, gunshot and shotgun wounds account for 
80–85% of injuries, and stab wounds for 3–5%.46,53,54 In a 
series of 59 patients with gunshot wounds to the buttocks, 
only 3.4% had rectal injuries.55 In another series of 192 
patients with gunshot wounds to the back, 2.6% had a rec-
tal injury.9 Interestingly, in a series of 309 anterior abdomi-
nal gunshot wounds and a series of 37 transpelvic gunshot 
wounds, no rectal injuries were identified, reiterating the 
infrequency of this injury.8,56

Other causes include iatrogenic injuries from urologic and 
endoscopic procedures, sex-related trauma, and anorectal 
foreign bodies. Blunt trauma accounts for 5–10% of cases, 
and it is usually the result of pelvic fractures or impale-
ment.46,49,53,54,57 Rectal injuries have been reported in nearly 
2% of all pelvic fractures.58

Diagnosis

The diagnosis of intraperitoneal rectal injury, similar to 
colonic injuries, is usually made intraoperatively. Extrap-
eritoneal rectal injuries may not always be obvious. A high 
index of suspicion is necessary with both blunt and penetrat-
ing mechanisms to avoid missing an injury. The cornerstone 
for diagnosing an extraperitoneal injury is the combination 
of a digital rectal exam and rigid proctoscopy. In most series, 
the diagnostic accuracy of the digital rectal exam and rigid 
proctoscopy ranges from 80 to 95%.46,51,54,59–61 However, the 
false-negative rate of the two has been reported to be as high as 
31%.47 For this reason, any suggestion of a rectal injury, even 
with a normal rectal and proctoscopic exam, should prompt 
further evaluation. In hemodynamically stable patients with 
a mechanism suspicious for a rectal injury (gluteal, perineal, 
and transpelvic gunshot wounds, pelvic fractures, and for-
eign body insertion), a digital rectal exam and a rigid proc-
toscopy must be performed, and in the appropriate cases, 
further evaluation by means of a water-soluble contrast study 
should be considered. In mechanisms of injury other than 
foreign body insertion, intraluminal blood on proctoscopy 
should generally be considered positive for rectal injury, as 
the actual injury may be obscured in an unprepped rectum. 
The first pass of the proctoscope is the critical view, as blood 
seen on subsequent scans may be iatrogenic in nature.

Rectal Organ Injury Scale

The grading system developed by the AAST for rectal inju-
ries is similar to that of colonic injuries (Table 26-2).

Operative Management

Historical Perspective

The history of rectal trauma parallels that of colon trauma 
with much of the early management principles evolving from 
lessons learned from wartime experiences. Mortality from 
rectal gunshot wounds was as high as 67% in World War I 
and the early part of World War II, until the Army Surgeon 
General mandated colostomy for fecal diversion for all colon 
and rectal injuries.15,17,46 Subsequently, the mortality dropped 
down to 35%.17 Retrorectal drainage was added in 1943, 
which appeared to bring the mortality down further to approx-
imately 5%.46,62 Shortly after World War II, several civilian 
series demonstrated satisfactory results with colostomy and 
presacral drainage.63,64 During the Vietnam War, where more 
destructive injuries were encountered, colostomy and pre-
sacral drainage alone were found to be inadequate. Rectal 
repair and distal rectal washout were added to the manage-
ment and were associated with improved results.52 Early post-
war civilian studies demonstrated acceptable results when 
colostomy, rectal repair, presacral drainage, and distal irri-
gation were all employed.47,65 Interestingly, there were other 
studies that also demonstrated acceptable results when only 
colostomy and presacral drainage were utilized.49,62,66 Pres-
ently, there is no acceptable gold standard for the treatment 
of rectal injuries, as most studies have been unable to demon-
strate any advantage of the various treatment options.

Intraperitoneal Injuries

With no class I or class II data present regarding the manage-
ment of intraperitoneal rectal injuries and limited class III 
data that combines both extraperitoneal and intraperitoneal 
injuries, it is difficult to draw a conclusion regarding man-
agement. However, several studies do indicate that injuries 
to the intraperitoneal rectum can be managed like left-colon 
injuries with primary repair, and without the need for colos-
tomy.50,54,59,61,67 No increase in abdominal complications was 
found in these series when primary repair without colos-
tomy was performed, making primary repair in this group of 
patients a reasonable option.

Extraperitoneal Injuries

As previously mentioned, there is no agreement in terms of 
the optimal management of extraperitoneal rectal injuries, but 
the mainstay of treatment has included four main components: 
(1) fecal diversion with colostomy, (2) presacral drainage, 
(3) distal rectal washout, and (4) repair of the injury, when 
possible. Each component is addressed separately below.

Fecal Diversion with Colostomy

Ever since World War II, the mainstay of management of extra-
peritoneal injuries has been proximal  colostomy.46,49,50,57,59–61 
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The only controversial aspect has been whether to  perform 
a loop colostomy versus an end colostomy. Some argue 
that a loop colostomy does not offer complete fecal diver-
sion, whereas proponents of loop colostomy argue that a 
properly constructed loop colostomy will function as a 
true diverting colostomy, with the added benefit of sim-
ple construction and rapid closure.46,59 In fact, Rombeau 
et al.68 demonstrated that a properly constructed loop 
colostomy, supported by a solid rod above the level of 
the skin, achieves complete fecal diversion. The authors 
believe that the type of colostomy performed should be 
dictated by the operative findings. Extensive destruction 
of the rectum that requires a resection may best be served 
with a Hartmann’s procedure, whereas injuries that are not 
repaired or require limited dissection may be addressed by 
a loop colostomy.

Recently, there have been reports of primary repair with-
out fecal diversion in selected extraperitoneal rectal inju-
ries.53,54,59,61,69 In a series of 30 patients with extraperitoneal 
rectal injuries, five were transanally repaired without fecal 
diversion and with no subsequent morbidity.54 Similarly, 
injuries right at the peritoneal reflection, or injuries encoun-
tered with minimal dissection, may also be primarily repaired 
without the need for colostomy.61

Presacral Drainage

Presacral drainage was added to the armamentarium in 
World War II because it was thought to decrease the pelvic 
sepsis rate.59,70 It has remained controversial, with many 
studies showing a benefit with its use,46,47,49,59,71 whereas 
other studies have failed to show any benefit.50,53,60,61,72 In 
a series published by Velmahos of 30 consecutive patients 
with extraperitoneal injuries, no benefit was found with 
the use of presacral drains.60 Despite the conflicting data, 
many authors continue to recommend the use of presacral 
drains for most injuries.61 This was challenged by a 1998 
randomized prospective trial evaluating the importance 
of presacral drainage.73 In this series of 48 patients, in 
which 23 randomized to presacral drainage and 25 ran-
domized to no drainage, no difference in pelvic sepsis 
was encountered. This represents the first and only class 
I study involving rectal injuries. Although it was a study 
with relatively few patients, it convincingly demonstrated 
that the addition of presacral drainage is unnecessary. 
Over the last 15 years, the use of presacral drainage has 
diminished considerably. It involves an additional proce-
dure and dissection into an uninvolved space. The drains 
that are placed may malfunction or become malpositioned, 
and most importantly, there is no evidence that their use 
improves outcome.

Distal Rectal Washout

Distal rectal irrigation was added to the management of 
rectal injuries during the Vietnam War, when Lavenson 

and Cohen reported a decrease in morbidity from 72% to 
10% with its use.52 Since then, there have been supporters 
of rectal washout47,48,50,65 as well as nonsupporters.46,49,53,59,72 
The overall value of distal washout is questionable. It has 
been suggested that there may be a benefit in patients 
with high-velocity wounds,46,51 and in patients with rectal 
injuries from pelvic fractures.74,75 However, this remains 
controversial. In summary, there is no proven benefit, and 
it may be associated with a high risk of infection due to 
spillage of intraluminal contents out of unrepaired rectal 
injuries.62

Rectal Repair

The addition of rectal repair to colostomy was also intro-
duced during the Vietnam War.52 However, rectal repair 
with or without a diverting colostomy is infrequently per-
formed for extraperitoneal injuries.60 In the majority of 
cases, repair is not technically feasible, with some series 
reporting successful repair in only 20–37% of cases.46,50,59 
Even when repair is performed, no outcome advantage has 
been proven.46,49,50 Attempts at repair are associated with 
extensive dissection and unnecessary contamination of the 
peritoneal cavity. Attempts at repair should only be made 
when the rectal injury is encountered during the exposure 
of an associated injury such as bladder or iliac vessel, or if 
the injury is easily accessible at the peritoneal reflection. 
As previously mentioned, injuries that are easily accessible 
from the transanal route may also be repaired with excellent 
results.54

Miscellaneous Options

Though extremely rare, abdominoperineal resection has 
been described for patients with severe bleeding, mas-
sive tissue loss, or devascularizing injuries.47,69,76 Recent 
reports have introduced laparoscopy in the management 
of rectal injuries.77,78 In a prospective study of 20 patients 
with extraperitoneal rectal injuries, laparoscopy (to rule 
out an intraperitoneal injury), followed by a diverting loop 
sigmoid colostomy without laparotomy yielded excellent 
results.78

Associated Injuries

Associated injuries are commonly seen with rectal inju-
ries and have been reported to occur in as many as 77% of 
cases.46,60 Genitourinary, and in particular bladder injuries, 
are usually the most commonly seen associated injuries, 
occurring in 30–64% of cases.46,49,53 Every effort should be 
made to close both injuries and separate both sites with well-
vascularized tissues such as omentum. This should reduce 
the high incidence of rectovesical fistula, which can occur 
in up to 24% of patients with combined bladder and rectal 
injuries (Figure 26-3).59,79
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Wound Management

The incidence of wound sepsis in patients with colon or 
rectal injury is high. In a prospective study of 100 patients 
with gunshot wounds and routine skin closure, the wound 
infection rate was 11%.3 Primary wound closure in the pres-
ence of severe fecal spillage is a significant risk factor for 
wound sepsis and fascia dehiscence. This high-risk group 
of patients is best managed by delayed primary closure of 
the skin 3–5 days postoperatively, or closure by secondary 
intention.

Antibiotic Prophylaxis

In view of the high incidence of septic complications in 
patients with colon injuries, appropriate antibiotic prophy-
laxis is critical. It is a standard practice to cover against 
both aerobes and anaerobes. In early studies, the combi-
nation of penicillin/aminoglycoside/metranidazole was 
a popular antibiotic choice. Subsequent studies showed 
that in penetrating abdominal trauma, single agents were 
as good as combination antibiotics.80,81 However, practi-
cally, all available studies included a large number of fairly 
minor or moderately severe abdominal injuries and only a 

small number of severe colon injuries with extensive fecal 
spillage. The reported overall incidence of intraabdominal 
abscess in abdominal trauma series is about 3%,81 while in 
severe colon injuries it is about 19%.6 The AAST destruc-
tive colon injury study identified single-antibiotic-agent 
prophylaxis as an independent risk factor for abdominal 
sepsis. The overall incidence of abdominal septic com-
plications was 31% in patients who received single-agent 
prophylaxis and 16% in patients who received combination 
antibiotics (adjusted RR 1.78; 95% CI  1.12–2.67; P = 0.02). 
Further comparison of the two agents used for single-
antibiotic prophylaxis (cephalosporin versus ampicillin/
sulbactam) showed an abdominal infection rate of 37% in 
the cephalosporin group and 22% in the ampicillin/sulbac-
tam group. (crude RR 1.67; 95% C1, 0.93–2.99; P = 0.07). 
It is possible that although single agents may be effective 
in minor or moderate trauma, they might be suboptimal 
in severe colon injuries. It is also possible that it might be 
necessary to cover against Enterococcus. Weigelt et al.82 in 
a prospective randomized study of 595 abdominal trauma 
patients compared ampicillin/sulbactam with cefoxitin. The 
wound infection rate was significantly lower with ampicil-
lin/sulbactam. The study suggested that the lower infection 
rate with ampicillin/sulbactam was due to better Enterococ-
cus coverage.82 The issue of antibiotic coverage in colon 
injuries merits further investigation. However, ampicillin/
sulbactam (or similar antibiotics with Enterococcus cover-
age) prophylaxis in all suspected abdominal hollow viscous 
injuries is a reasonable choice.

The duration of antibiotic prophylaxis has been a con-
troversial issue. There is now class I evidence that 24-h 
prophylaxis is at least as effective as prolonged prophy-
laxis for 3–5 days, even in the presence of major risk fac-
tors for abdominal sepsis, such as colon injury, multiple 
blood transfusions, and high abdominal trauma index. In 
a prospective randomized study of 63 patients with pen-
etrating colon injuries and associate Abdominal Trauma 
Index ³ 25 or ³6 units of blood transfusions or delay of 
operation ³6 h, Cornwell et al. reported an abdomi-
nal infection complication rate of 19% in patients who 
received 24 h antibiotic prophylaxis and 38% in patients 
who received 5 days prophylaxis.7 With respect to rectal 
injuries, no study has addressed the type or length of anti-
biotic therapy. In the available studies that have even men-
tioned antibiotics, the length of therapy has been at least 
2 days using single or double agents covering both aerobes 
and anaerobes.46,73,78

Stoma Related Complications

When deciding about the method of management of a colon 
or rectal injury, the surgeon should take into account the 
problems related to the creation of a stoma, and later on, the 

Figure 26-3. Rectovesical fistula following repair of a gunshot 
wound involving the rectum and the bladder. Every effort should be 
made to separate the two organs with vascularized tissues such as 
omentum, to reduce the risk of this complication.
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complications associated with the  subsequent  operation for 
colostomy closure. The presence of an ostomy is, in itself, 
a significant emotional trauma, especially in an image-
conscious young person. In addition, the incidence of com-
plications directly related to the ostomy construction is a 
significant one. The most common serious complications 
include necrosis, retraction, prolapse, parastomal abscess, 
and parastomal hernia. Less serious complications include 
troublesome skin irritation and poor location with difficul-
ties in the application of the collection bag. Park et al., in 
a series of 528 stomas created for trauma, reported an inci-
dence 22% of severe or minor early complications and 3% of 
late complications directly related to the stoma.83

The morbidity of colostomy closure is significant 
( Figure 26-4). In a collective review of 809 colostomy  closures 
in trauma patients during the period of 1970–1990, the overall 
incidence of colon-related complications was 13.1% (major 
complications 5.3%, minor complications 7.8%).44 Another 
study of 110 colostomy closures reported an overall local 
complication rate of 14.5%, including 2.7% colon leaks.84 In 
a more recent collective review of 1,085 colostomy closures, 
the overall complication rate was 14.8%.85

The timing of colostomy closure does not seem to play an 
important role in the incidence of complications. Early stud-
ies had suggested colostomy closure should be performed 
after 3 months from the original operation to allow time for 
the colostomy to “mature”.86,87 Subsequent studies showed 
that closure of the stoma earlier than 3 months is safe and not 
associated with increased complication rates.84,88 Some stud-
ies even recommended closure during the same  admission 

of the injury, which is usually within 2 weeks of the colostomy 
construction.89 The optimal time for colostomy closure 
should be individualized, and time should be allowed for 
wound healing and nutritional recovery. This might require 
only a few weeks for some patients or many months in 
severely injured patients.

Rectal Foreign Bodies

Rectal foreign bodies represent an uncommon cause of rec-
tal injury, accounting for less than 5% of cases.46,49,59 More 
commonly, patients present to the hospital with a retained 
foreign body. These patients present a surprisingly common 
management dilemma.90 Most objects can be safely removed 
in the emergency department. However, a small percent-
age of patients will require general anesthesia and operative 
management with or without laparotomy. In one review of 
87 patients presenting with a retained foreign body, 75% 
were successfully retrieved at the bedside while 8% required 
laparotomy with colotomy for foreign body extraction.91 The 
only independent risk factor for operative intervention was if 
the foreign body was located in the sigmoid colon (OR 2.25; 
95% CI, 1.1–4.4; P = 0.04). Abdominal films with AP and 
lateral views are helpful to define the foreign body and the 
orientation in the colon, in addition to excluding free intra-
peritoneal air.

Patients with a history of retained foreign body who 
present with peritonitis should be taken directly to the 
operating room. Without peritonitis, patients should have 
an attempt at retrieval at the bedside. If unsuccessful, 
patients should be taken to the operating room with an 
attempt at transanal extraction under intravenous seda-
tion. As mentioned previously, patients most likely to 
require operative intervention are those with the foreign 
body located in the sigmoid colon.91 The use of grasp-
ing forceps should be avoided, as it may lead to rectal 
mucosal injury. If transanal extraction is unsuccessful, 
then a laparotomy should be performed to maneuver the 
foreign body into the rectum for transanal removal.91 If 
this is unsuccessful, then a colotomy may be necessary for 
foreign body retrieval.

One recently described method of distal foreign body 
removal is both effective and minimally invasive. Under 
general anesthesia, one or more lubricated Foley catheters 
or similar tubes may be passed transanally past the foreign 
body (Figure 26-5). The balloons are safely inflated to pro-
vide traction. Air is injected into the distal port, proximal 
to the foreign body to prevent “suction,” while the foreign 
body is advanced. Once the foreign body reaches the anus, 
it is grasped with a clamp and removed.92 This approach has 
proven successful in multiple patients at the author’s insti-
tution. Following removal, sigmoidoscopy should be per-
formed to exlude a mucosal injury or perforation.

Figure 26-4. End Colostomy in the presence of a complicated 
abdominal wound with protruding mesh. Closure of this colostomy 
is a high-risk procedure.
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27
IBD: Diagnosis and Evaluation
Walter A. Koltun

History

In 1932, Crohn, Ginzburg, and Oppenheimer described 13 
patients with “regional ileitis” included in a total of 52 cases 
of nonspecific granulomatous inflammation of the intestine.1 
Prior to their publication, numerous others had reported 
various cases of what were in retrospect, probably Crohn’s 
disease (CD), as early as 1813,2 but it was their published 
description that established the formal classification of the 
disease syndrome and association with noncaseating granu-
lomas. The surgeon involved in the care of the majority of 
the patients, Dr. AA Berg, did not want his name included 
in the article. Because of the variable clinical and anatomic 
manifestations of the illness, “CD” has subsequently become 
as common a descriptor of this disease entity as the term 
“regional enteritis.”

The difficulty in distinguishing the colonic form of CD 
and ulcerative colitis (UC) confused the diagnosis and treat-
ment of these illnesses until their differences were clarified 
by classic publications by Brooke in 1959 and Lockart-
Mummery in 1960.3,4 These authors pointed out both the 
segmental and granulomatous nature of the colitis in CD. In 
addition, Brooke contributed significantly to the treatment 
of these inflammatory bowel diseases (IBD) by introducing 
pioneering surgical techniques in the 1950s that created a 
more functional ileostomy, which until that time was a mis-
erable and disabling consequence of colectomy.5 Truelove 
and Witts in 1959 reported on a double-blind, controlled 
study demonstrating the value of high-dose cortisone as 
treatment for severe colitis.6 Other turning points in the man-
agement and treatment of CD include the demonstration of 
the therapeutic value of metronidazole7, 6-mercaptopurine8, 
and more recently, the tumor necrosis factor-alpha (TNF-a) 
antagonist, infliximab.9

Surgical management of UC has been a continuous evo-
lution, starting with colectomy/ileostomy,10,11 supplanted 
by the continent Koch ileostomy12, and finally the defini-
tive reconstruction procedure known as the ileal-pouch anal 
anastomosis (IPAA), first described by Parks and Nicholls 

in 1978 and subsequently refined by Utsunomiya.13,14 The 
IPAA is now the standard of care for the surgical correction 
of UC.

Epidemiology

The causes of UC and CD remain unknown, and thus epidemi-
ological data have been collected over many years in the hope 
of providing some clue to the etiologies of these illnesses. 
Much of this data must be viewed with caution, however. 
Variations in diagnostic criteria, definitions of disease, and 
biases resulting from surveys done in tertiary care specialty 
centers make universal conclusions difficult. However, some 
general statements can be made using such data that relate to 
disease prevalence and associated risk factors (Table 27-1).

The prevalence of IBD greatly varies throughout the 
world. Prevalence is the product of incidence and disease 
duration. Since IBD symptoms tend to wax and wane in 
severity, prevalence may be underestimated in some stud-
ies. IBD is found in the more temperate climates of North 
America and Europe. Studies from these regions show prev-
alence rates much higher than those in Asia, South America, 
or Africa. Prevalence rates as high as 300–400 per 100,000 
population are found in Minnesota (USA), Manitoba (Can-
ada), and UK. Conversely, prevalence rates of approximately 
23/100,000 are found in Japan, 10/100,000 in Singapore, and 
75–120/100,000 in Israel. The relative incidence of CD ver-
sus UC is, again, variable, with either being found greater 
than the other depending upon the geographic region stud-
ied.15–19

It is generally recognized that both CD and UC have been 
increasing in incidence to a remarkable degree over the past 
20–30 years with two- to tenfold increases depending on the 
population and region studied.18,20 These dramatic increases 
suggest an environmental effect, since a genetic factor would 
probably not influence disease rates so rapidly.

CD most commonly occurs in the third decade of life, 
while UC is more common in the fourth decade. There may 
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be a bimodal distribution of disease incidence with a second 
peak in the sixth or seventh decade, but this pattern remains 
unclear and may simply be due to difficulty in differentiat-
ing it from other colitides such as diverticulitis or ischemic 
colitis.

Though originally thought to be relatively rare in blacks, 
more recent case–control studies in USA suggest a similar 
incidence to whites, although Africa itself has a very low 
incidence of IBD.17 There is great variability in the incidence 
of IBD in Jews around the world, but nonetheless seems to 
be consistently higher than that found in the non-Jewish 
population in most countries studied.21 IBD is more com-
mon in urban, “indoor” populations of individuals of middle 
to upper socioeconomic status, suggesting the “hygiene” 
hypothesis that relates the lack of early exposure to environ-
mental antigens to the later development of disease.15,19,22

There is very little evidence that a specific dietary fac-
tor causes disease, although increased sugar consumption is 
associated with CD and alcohol intake is inversely related 
to UC.23,24 Childhood diarrheal illness, and oral contracep-
tive and nonsteroidal anti-inflammatory drugs (NSAIDs) use 
are measurable risk factors for IBD, with NSAIDs reported  
as precipitating relapse in patients with inactive disease.25 

Smoking has been clearly shown to worsen CD, with increased 
risk of developing the disease de novo and increased risk of 
recurrence after surgical resection. Conversely, smoking is 
protective for UC, as is prior appendectomy.26,27

Genetic Disease Determinants in IBD

Approximately 20% of patients with IBD will have a fam-
ily member also afflicted, implying a genetic basis for the 
disease. The recent development of sophisticated genetic 
mapping techniques combined with the recruitment of large 
groups of clinically characterized IBD patients has led to 
genome-wide association studies (GWAS) identifying areas 
(loci) in the human genome that are associated with the vari-
ous forms of IBD. Fine mapping of these loci has led to the 
identification of specific mutations [or so-called single nucle-
otide polymorphisms (SNPs)] affecting specific genes that 
predispose to the development of IBD. As of mid-2009, an 
excess of 32 loci (most containing several potential disease-
causing genes) was found for CD alone. UC appears to have 
less of a genetic component to its pathobiology, but similarly 
has at least 15 loci associated with it (Figure 27-1).28–32

Such genetic work has allowed the identification of rel-
evant genes and thus physiologic pathways that are altered 
in IBD. Patterns are emerging with some genes playing a role in 
both illnesses, while others are confined to playing a role in 
only CD or UC. Many of these genes, however, can be inte-
grated into a mechanistic paradigm which suggests that IBD 
is the consequence of an altered host immune response to 
various environmental factors, most probably enteric or com-
mensal bacteria within the gut. Other factors may also play 
a role, such as smoking or NSAID use that further alters the 
host immune system or affects its function (Figure 27-2).33

The bowel and its epithelium are in fact an interface 
between the host and a relatively hostile environment. This 
barrier is made up of the mucous layer, the epithelium itself 
(enterocytes, goblet cells, and mucin-secreting paneth cells), 
and the underlying immunologic apparatus that includes 
lamina propria dendritic cells, regulatory and effector lym-
phocytes, and an extracellular matrix that contains cytok-
ines and surface receptors that help guide and regulate the 
host inflammatory process. Thus mutations in any of these 
components of either host immunity (innate or acquired) or 
the epithelial barrier can potentially result in an abnormal 
inflammatory response to enteric bacteria with resulting 
destruction of the relatively fragile intestinal mucosa.

The first CD-associated genetic mutation was found 
in the NOD2/CARD 15 gene on chromosome 16.34 This 
gene’s protein product recognizes muramyl dipeptide, a 
component of bacterial cell walls, and activates NF-kappa 
B, a potent second messenger involved in immune regula-
tory mechanisms. Though a homozygous (double) muta-
tion in this gene increases the risk of CD approximately 
30-fold, any one patient with a mutation will still only have 

Table 27-1. Epidemiologic and associated risk factors for inflam-
matory bowel disease

Epidemiology
 Race/ethnicity:
  Whites and Blacks > Hispanic, Native American, Asian

  Jews > Non-Jews
 Geography:
  Northern climates > Southern
  Scandinavia, North America, Europe > Asia, Africa, South America, 

Japan, Spain
 Gender:
  CD: Female > Male
  UC: Male > Female
 Age:
  CD: Third decade
  UC: Fourth decade
 Residence:
  Urban > Rural
  Indoor > Outdoor
RISK factors
 Diet:
  Sugar Consumption – ↑ CD
  ETOH – ↓ UC
  Margarine – no association
  Coffee – no association
  Fiber – no association
  Food Additives – no association
 Childhood diarheal illness ↑ IBD
 Higher socioeconomical status ↑ IBD
 Oral contraceptive use ↑ IBD
 Cigarettes – ↑ CD
      ↓ UC
 Appendectomy ↓ ulcerative colitis
 NSAIDS – ↑ symptoms of IBD

ETOH alcohol; UC ulcerative colitis; CD Crohn’s disease; NSAIDS non-
steroidal anti-inflammatory drugs.
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a approximately 2.5% risk of developing CD, reflecting the 
role for other genetic determinants in the development of 
CD. Clinically, patients with this mutation tend to have ear-
lier onset of disease in the ileocolic area.

The NOD2/CARD15 molecule is part of the innate immune 
system protecting the organism from invading enteric bac-
teria, but through the previously mentioned GWAS, several 

other genes affecting the innate immune system have been 
subsequently identified. Autophagy, i.e., the cell’s ability to 
destroy and recycle defective cytoplasmic molecules includ-
ing invading bacteria, is compromised by of mutations in 
the ATG16L1 and IRGM genes which have been associated 
with CD.35 Similarly, mutations in the acquired immune sys-
tem, especially those involving the IL-23 and IL-12 signaling  

Figure 27-1. Genes implicated in the pathogenesis of Crohn’s disease and ulcerative colitis (as of late 2009). Some genes seem to play a 
role in both diseases. Not all genes have been confirmed by second investigators.

Figure 27-2. Pathogenesis of inflammatory bowel disease incorporating a genetic (predisposition) component and an environmental 
aspect, each of which may play a varying role in the individual patient.
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pathways, have been found. A mutation in the IL23R (receptor)  
gene has been shown to be protective against CD and UC.29 
Various alleles in other molecules found in the IL-23 path-
way including JAK2, STAT3, and IL12B have also been 
linked with CD and UC. Experimentally, blockade of the 
IL-23 pathway has been shown to compromise bacterial 
clearance in some models, again reinforcing the concept that 
IBD is the consequence of an abnormal immune response to 
commensal gut bacteria.36

IBD-associated mutations have been found in many other 
genes, including DLG5 (coding for an epithelial cytoplas-
mic scaffolding protein), NKX2-3 (a developmental pro-
tein found in the lymphoid tissue of gut and involved in the 
expression of lymphocyte trafficking molecules), PTPN2 
(involved in T-cell-dependant B-cell function), and IL-10R 
(receptor). Exactly how these mutations then lead to disease 
is often complex and not obvious. However, the relevancy of 
such genetic effects on the etiology of IBD is periodically 
validated by direct clinical discoveries. Such was the case 
for IL-10R where a clinical report described a severe early 
onset form of CD in two family pedigrees and several other 
children that were shown to be caused by homozygous muta-
tions in IL10 receptor genes. This resulted in a hyperinflam-
matory immune response (increased secreted levels of TNF) 
associated with the clinical findings of proctitis with perianal 
fistulization, which was cured in one child by a bone marrow 
transplant from an IL-10R wild-type donor.37

The future of IBD management will likely depend on the 
reclassification of individual patients based on the genetic 
determinants of disease etiology. Both medical and surgical 
care will then be dictated not only by phenotype, but also by 
genotype. Improved responses to care interventions will be 
achieved by identifying which genetic determinants predict 
better results with specific therapies.

Signs and Symptoms

Gastrointestinal Symptoms

Crohn’s Disease

CD can affect any portion of the gastrointestinal (GI) tract 
from the mouth to the anus. It is usually discontinuous, com-
monly involving several areas of the bowel at once, with sec-
tions of normal intestine interposed. The inflammation of 
CD involves the entire bowel wall, from mucosa to serosa 
and even into adjacent structures. These features are respon-
sible for its presenting symptomatology.

The most common complaints of any patient with CD 
are abdominal pain and diarrhea, being found in over 75% 
of patients. Weight loss, fever, and bleeding are present in 
approximately 40–60% of patients, while anal symptoms of 
abscess and/or fistula occur in 10–20% of patients. Many 
classification systems for CD have been suggested, but the 
anatomic one has direct practical relevance in explaining 

symptoms. CD is most frequently found in the ileo-cecal 
region, making up approximately 40% of patients. Abdomi-
nal pain most commonly correlates with disease in this 
region.20 Colonic disease is found in approximately 30% 
of patients and most directly correlates with symptoms of 
diarrhea and bleeding. The remaining 30% of patients have 
disease confined to the small bowel proximal to the terminal 
ileum and correlates with abdominal pain, bloating, and a 
sense of postprandial nausea, especially if partial obstruction 
due to inflammation or stricture occurs. Anal disease is typi-
cally associated with patients having the terminal ileal and 
colonic distributions of disease.

The more recently developed Vienna classification of CD 
segregates patients into three categories based on behavior: 
inflammatory (B1), stricturing (B2), and fistulizing (B3).38 
This classification attempts to characterize disease biology 
but is imperfect. Patients will frequently change categories 
as disease progresses, since IBD commonly becomes stric-
turing or fistulizing disease. Louis et al.39 over a 10-year 
period found that in 125 patients with CD, the B2 and B3 
categories (stricturing and fistulizing) each increased from 
approximately 10% to approximately 30–40% with a com-
pensatory decrease in the inflammatory, B1 category. Thus 
duration of disease plays a critical role in defining the cat-
egory in this classification system.

Clinical severity of symptoms is widely variable, since 
CD typically has a waxing and waning course character-
ized by periods of disease activity interspersed with peri-
ods of remission. At any one time, approximately 50% of 
CD patients will be in clinical remission. The majority of 
patients (60–75%) will have alternating years of quies-
cence and disease activity. About 10–20% will have either 
a chronic, unremitting course or repetitive annual flaring of 
disease. Prolonged quiescence is found in about 10–15% of 
patients. The only useful predictor of future disease activity 
is past clinical behavior.

Ulcerative Colitis

The inflammation of UC characteristically starts in the rectum 
and extends proximally. The so-called backwash ileitis is the 
only possible area of the small bowel that can be affected in 
UC. If additional small bowel is involved, CD should be sus-
pected. Clinical symptoms relate to the extent and location 
of disease. Thus rectal disease results in increased stool fre-
quency, hematochezia, and tenesmus. Diarrhea is a frequent 
symptom and with tenesmus, it can result in incontinence, 
especially at night. In spite of severe rectal inflammation, 
constipation with a sense of incomplete evacuation can be 
a complaint in 20–25% of patients, but blood and mucous 
are nearly always present. With more proximal involvement, 
abdominal complaints increase including left lower quadrant 
pain and pain associated with peristalsis or stool evacuation. 
With increasing severity and extent of disease, nausea, vom-
iting, and weight loss ensue. Weight loss is due to both the 
loss of serum proteins through the diseased mucosa and the 
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reluctance of the patient to eat in order to avoid exacerbation 
of symptoms. The development of systemic signs of illness 
such as tachycardia, fever, and increasing fluid requirement 
bespeaks severe disease. High-dose steroids may disguise 
worsening abdominal complaints, including peritonitis, in 
such circumstances and should not divert the clinician from 
recognizing the gravity of the development of such symp-
toms and signs. The so-called toxic megacolon is a moniker 
that should be discarded, since severe life-threatening coli-
tis may occur without colonic dilatation, and urgent surgi-
cal intervention should be based upon the triad of toxicity 
defined by tachycardia, fever, and elevated white blood 
cell count.

Extraintestinal Manifestations

Musculoskeletal

The most common non-GI complaints in IBD patients relate 
to the musculoskeletal system. Osteopenia and osteoporo-
sis are very common, in part due to therapeutic steroid use, 
occurring in as many as 50 and 15% of IBD patients, respec-
tively. Such bone density loss is now recognized as leading 
to significant comorbidity and complications in IBD patients. 
One study found a 40% increased risk of bone fractures in 
IBD patients.40 The arthropathies associated with IBD are 
found in up to 30% of patients and are divided into two broad 
categories. Peripheral arthritis usually affects multiple small 
joints and has little relation to gastrointestinal disease activ-
ity. Axial arthritis (ankylosing spondylitis) is associated with 
certain HLA subtypes (B27) and is found in approximately 
5% of both CD and UC patients. Its severity commonly par-
allels disease activity. Recently, anti-tumor necrosis factor 
(TNF) therapies have been shown to be effective in both CD 
and the arthropathy of IBD.41,42

Cutaneous

Pyoderma gangrenosum and erythema nodosum occur in 
approximately 0.5–5% of patients with IBD. These, as well 
as oral lesions such as aphthous stomatitis and pyostomati-
tis vegetans, are more commonly associated with CD than 
UC and commonly parallel underlying gastrointestinal dis-
ease activity. The new appearance of pyoderma gangreno-
sum around the ileostomy of an IBD patient after colectomy 
is unexplained but is a clear clinical phenomenon.43 There 
is a reported increased rate of psoriasis and eczema in IBD 
patients that does not parallel disease activity. One-third 
to one-half of patients with pyoderma gangrenosum have 
IBD.44

Hepatobiliary

Primary sclerosing cholangitis (PSC) has a reported inci-
dence of approximately 3% in both CD and UC patients. It 
may present independent of intestinal disease activity, and 

colectomy in UC patients does not affect the progression of liver 
disease. The presence of PSC in the UC patient increases the 
risk for malignant disease in both the colon and the hepato-
biliary system.45

Several studies have suggested an increased incidence of 
gallstones in IBD, especially CD, although this is disputed. 
The mechanism is presumed to be due to an altered entero-
hepatic biliary circulation due to ileal disease.46

Ophthalmologic

Iritis, uveitis, and episcleritis can affect 2–8% of patients 
with UC and CD, respectively, and are generally unrelated 
to disease activity. Iritis and uveitis present as blurred vision, 
eye pain, and photophobia and requires prompt treatment to 
avoid scarring and even blindness. Episcleritis is typically 
less threatening and is characterized by scleral injection, 
burning, and tearing.

Coagulopathy

There is an identified increased risk of deep venous throm-
bosis (DVT), mesenteric thrombosis, and pulmonary embo-
lism (PE) in IBD patients that are not explained simply by 
increased hospitalization and surgery. Decreased protein S 
and antithrombin III levels due to mucosal loss and increased 
levels of acute-phase reactants including factors V and VIII 
have been implicated. Mortality due to postoperative mesen-
teric thrombosis in the IBD patient has been reported to be 
as high as 50%, but probably occurs more frequently than 
previously recognized with an overall lower mortality and 
milder forms of morbidity.47–49 Anticoagulation and work-up 
for coagulation disorders are usually recommended.

Disease Severity Assessment

Crohn’s Disease

The CD activity index (CDAI) is the most commonly used 
method for quantification of disease severity in CD. It was 
developed by Best et al. using multiple regression analysis 
and includes a total of eight items that are measured, mul-
tiplied by respective weighting factors, and then summated 
to yield a score (Table 27-2). It is generally accepted that a 
total score less than 150 points indicates quiescent disease, 
whereas over 450 indicates severe, active disease. Relapses 
are defined as a score rising to over 150 or an increase of 
100 points over baseline. The CDAI is most commonly 
used in longitudinal clinical studies to evaluate the results 
of experimental interventions. It suffers from many defi-
ciencies including its reliance on subjective complaints 
and that it is time consuming, requiring the patient to keep 
a diary for 7-day periods defining symptomatology. Some 
measured symptoms, such as diarrhea and belly pain, may 
reflect short gut due to prior surgery or strictures that do not 
represent active IBD.50 Other indices have been developed 
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in an attempt to address these criticisms. The Harvey Brad-
shaw index (or modified CDAI) and the Van Hees Index, 
which relies entirely on nine objective factors such as ESR, 
albumin, temperature, and stool consistency, are two such 
measurement tools, but they are infrequently used, even 
in protocol settings.51 The Vienna classification, discussed 
above, is an attempt to classify or categorize subsets of CD 
patients and is not used as a severity assessment tool.38 A 
perianal CD activity index has also been described.52

Ulcerative Colitis

The benchmark study by Truelove and Witts in 1955 evaluat-
ing the effect of cortisone on UC also described the still most 
often used clinical assessment tool for severity assessment in 
UC (Table 27-3).6 The simplicity and clinical relevancy of the 
factors in this index allow for its daily use as a clinical tool 
and also for clinical response in study protocols. Variations 
in its initial format have included the creation of a “moderate” 

category for patients displaying features intermediate in value 
between the mild and severe categories. This index also does 
not take into account variability in the anatomic extent or 
observed severity of disease within the colon. Modern clini-
cal studies requiring disease assessment will thus often use a 
variation in the Truelove and Witts classification, which will 
include additional criteria based on colonoscopic appearance 
and possibly pathologic severity as well.53,54

Evaluation

Radiology

The diagnosis of IBD depends on the triad of clinical pre-
sentation, radiologic work-up, and histopathology of tissue 
biopsy. Thus radiologic studies are critical in the evaluation 
of the patient with suspected or confirmed IBD.

Plain X-Rays

Conventional radiologic studies play a significant role in the 
work-up and management of IBD. Plain abdominal radio-
graphs can show signs of obstruction, perforation (free air), 
and at times thickening of the bowel or loss of haustral mark-
ings. The initial presentation of any patient with abdominal 
pain and a known or suspected diagnosis of IBD will incor-
porate a plain and upright film to look for these features. On 
the plain film, air can act as a contrast medium and can allow 
the identification of the more subtle findings of nodularity 
of the mucosa, suggesting ulceration or pseudopolyp for-
mation. Chronic colitis may result in an ahaustral, tube-like 
colon that can be seen with air contrast (Figure 27-3). Fulmi-
nant colitis may result in toxic dilatation (toxic megacolon) 
that mandates surgical intervention and the specific avoid-
ance of colonoscopy or contrast enema studies that may 
result in perforation. Incidental discoveries of gallstones or 
renal calculi that occur with increased incidence in patients 
with IBD may also be made.

Contrast Radiologic Studies

Contrast studies will more frequently be used in patients 
with CD than in those with UC due to its predisposition for 
small bowel involvement. For the colitic patient, whether 
due to CD or UC, colonoscopy is usually the preferred study, 
frequently obviating the need for barium enema. However, a 
double-contrast barium enema may still be used to discover 
or delineate the extent of disease in patients with gastrointes-
tinal symptoms, especially when due to CD. Colonic contrast 
studies in the patient with CD can reveal segmental disease, 
strictures, and fistuli. Reflux into the terminal ileum occurs 
in approximately 85% of patients and can more effectively 
reveal ileal disease than small-bowel follow-through due to 

Table 27-2. The Crohn’s disease activity index (CDAI)

Item calculation
Data collected weighing 

factor

No. of liquid stools 7-Day diary Sum of 7 days
2

Abdominal pain 0–3 Scale, 7-day diary Sum of score for each day
5

General well-being 0–4 Scale, 7-day diary Sum of score for each day
7

Symptoms a At clinic visit Sum (6 total) possible
20

Lomotil use 7-Day diary Yes = 1, No = 2
30

Abdominal mass At clinic visit None = 0, question-
able = 2, definite = 5

10
HCT At clinic visit

6
M: (47 subtract patient’s 

HCT) 
F: (42 subtract patient’s 

HCT)
Weight At clinic visit % below ideal weight

1

HCT hematocrit.
aSymptoms include presence or absence of each of arthritis/arthralgia, iritis/
uveitis, erythema nodosum/pyoderma gangrenosum/aphthous stomatitis, 
anal fissure/fistula/abscess, other fistula, or temperature >100°F.

Table 27-3. Truelove and Witts ulcerative colitis activity index

Mild Severe

Bowel frequency <4 >6
Blood in stool + +++
Fever Absent >37.5
Pulse <90 >90
Hgb >75% nl <75% nl
ESR <30 >30

HgB hemoglogin; ESR erythrocyte sedimentation rate.
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less interference by other intestinal loops. When fistuli or 
near obstructing strictures are suspected, a water-soluble dye 
such as Gastrografin is preferred. This contrast medium min-
imizes the complications associated with possible extrava-
sation of the agent if a fistula or intestinal perforation is 
present or with subsequent impaction of barium proximal to 
a stricture. Frequently, in patients with CD, an unsuspected 
 rectal fistula tracking to a diseased terminal ileum is found 
on  rectal contrast study (Figure 27-4). Such a fistula can 
be  easily overlooked during colonoscopy because it almost 
always originates with the diseased terminal ileum, while the 
rectum and sigmoid are normal.

The difficulty of reaching the small bowel using fiber-
optic instruments necessitates the common use of small 
bowel contrast studies to assess the degree of CD involve-
ment of the small bowel. A small bowel series can effectively 
show areas of stricturing and upstream dilatation but may be 
 difficult to perform or interpret due to slow intestinal transit 
from strictures, overlying loops of bowel, and pain associated 
with compression spot views (Figure 27-5). Enteroclysis is 
preferred over simple small-bowel follow-through, although 
the need for the placement of a naso-intestinal tube makes 
patient cooperation and satisfaction with this study much 
less. High-density barium must be used as the contrast agent, 
since water-soluble dyes rapidly dilute in the small bowel, 
making detailed assessment of the intestinal mucosa diffi-
cult. After placement of the nasal tube beyond the pylorus, 
relatively small boluses of barium are injected that coat the 
walls of the intestine and then air is insufflated to distend the 
bowel, allowing detailed examination of the mucosa. Repeti-
tive infusions of dye and air, with subsequent spot compres-
sion films, can result in remarkable detail being revealed 
but results are clearly dependent on operator expertise and 
patient cooperation.

Gastrointestinal contrast studies surpass computed tomog-
raphy (CT) for detecting enteroenteric and enterocolic fis-
tuli.55 The discovery of an enteric fistula can be made when 
orally consumed contrast material is seen in a distal portion 
of bowel without illuminating intervening intestine, such 
as can occur with ileal disease fistulizing into the rectum. 

Figure 27-3. Plain radiographs of a patient with worsening symp-
toms of ulcerative colitis. Note the ahaustral left and transverse colon, 
signs of small bowel ileus and enlarged (“mega”) transverse colon.

Figure 27-4. Small-bowel follow-through contrast study showing 
terminal ileal stricturing disease, with displacement of adjacent 
bowel loops due to ileal thickening.

Figure 27-5. Colonic contrast study in Crohn’s disease patient 
showing complex fistulizing disease. Contrast is present in the 
proximal, diseased ileum and air and contrast in the bladder due to 
fistulizing disease.
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Sometimes the dye will directly illuminate the fistula or the 
involved organ, such as the bladder, as it tracks from the 
bowel irrespective of whether the contrast is given orally or 
rectally (Figure 27-4).

Sinography or fistulography can be used to delineate 
the path or origin of fistulous disease in patients with CD, 
whether involving the abdominal wall or the perineum. Such 
studies can also be done via the drainage catheter after per-
cutaneous drainage of an abscess to document intestinal 
communication and should be done again with a water-
soluble contrast agent. Such anatomic localization assists in 
directing subsequent surgical care (especially when fistulous 
disease involving the urinary tree is found) and assessing 
response to therapy.

Retrograde studies through a stoma, especially an ileo-
stomy, can provide very good evaluation for disease. The 
effectively foreshortened intestine allows better delineation 
of disease with less overlapping bowel loops and better dou-
ble-contrast definition.

Computed Tomography

Abdominal and pelvic CT is probably the most commonly 
obtained study in the acute evaluation of patients with IBD, 
especially CD. Such studies should be undertaken with orally 
ingested low-density barium or iodinated contrast material 
that has been allowed to traverse the entire GI tract. Due to 
strictures or slow transit time, rectal administration of con-
trast material will sometimes be necessary. CT scanning is 
especially useful for delineating enterovesical or colovesical 
fistuli, and scans should be obtained before administering 
intravenous contrast, as contrast originating from the bowel 
will be seen in the bladder defining the fistula. Air within the 
bladder without prior instrumentation is also a very sensitive 
sign defining the presence of a fistula.

The great advantage of CT is its ability to evaluate the 
entire thickness of the intestine and its adjacent structures. 
Thus, thickened intestine, phlegmon, abscess, air in extraint-
estinal structures, and fistula formation are signs of CD that 
can be found on CT scan (Figure 27-6). Percutaneous drain-
age of abscess collections done under CT guidance can also 
be performed. Though less commonly performed for UC, 
CT findings that can be seen include increased perirectal 
and presacral fat, inhomogenous areas of colonic thickening, 
target or “double halo” sign of the colon, and changes con-
sistent with cancer development such as strictures or mass 
lesions.55

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is playing an increasing 
role in the evaluation of IBD patients. Intestinal CD can be 
identified simply by thickened bowel loops on conventional 
MRI. However, MRI differs from CT, in that the intensity of 
T2-weighted signals from areas of disease correlates with 
the severity of inflammation, especially after gadolinium 

administration. Such signal intensity in both the mesentery 
and bowel decreases with resolution of acute inflamma-
tion and may hold promise for monitoring the response of 
patients to medical therapy.56,57

The value of MRI in defining perineal disease in the CD 
patient approaches – and may exceed – that achieved with 
examination under anesthesia.57,58 Endorectal coil place-
ment may improve sensitivity but is infrequently necessary 
and sometimes impossible in the diseased anus. Intravenous 
injection of gadolinium highlights the fistula tract and com-
bined with MRI’s ability to define soft tissue anatomy accu-
rately, it can result in remarkable delineation of disease.59,60 
MRI testing is expensive, however, and is probably unneces-
sary in the conventional perineal CD patient since examina-
tion under anesthesia performed by a competent surgeon is 
usually as accurate and can also aid in providing simultane-
ous treatment.58 However, MRI is finding a role in re-assess-
ing the failed patient for unrecognized pathology and, more 
recently, in defining whether medical treatment with inflix-
imab has truly healed a patient’s fistulous disease. Several 
studies using gadolinium-enhanced MRI have shown that 
many fistuli that respond to exclusive medical management 
are, in fact, still present but quiescent.61,62

Ultrasound

The role of ultrasound in IBD is presently very limited. 
European centers are more familiar with its use for assess-
ing the GI tract in patients with IBD where it is sometimes 
used to assess a patient’s response to therapy longitudinally. 
In the hands of an experienced operator, so-called transab-
dominal bowel sonography (TABS) can look for bowel wall 
thickening and fistula formation, and can even assess func-
tional effects of strictures by observing bowel peristalsis and 

Figure 27-6. Computed tomography scan of Crohn’s disease patient 
with severe terminal ileal thickening and early abscess formation 
under anterior abdominal wall.
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distention in the vicinity of such pathology63. This method of 
noninvasive intestinal evaluation has not gained wide popu-
larity in USA.

Intrarectal ultrasound can be used to document and map 
perianal fistula formation by injecting a solution of hydrogen 
peroxide into the external opening. The resulting bubbles are 
easily seen on ultrasound as they outline the path of the fistula 
tract. However, such uncomfortable and operator-dependent 
techniques of fistula assessment have been largely replaced 
by MRI scanning (see above).

Nuclear Medicine

The injection of radionuclide-labeled white cells allows sub-
sequent scintigraphic imaging of the abdominal organs and 
is increasingly being used as a technique to visualize actively 
inflamed bowel. Most techniques use Indium111 labeling of 
autologous leukocytes that are harvested from the patient, 
labeled, and then reinjected. Indium111 has the advantage 
of a long half-life that allows scanning at 6, 12, and 24 h 
with any visualized bowel activity as being abnormal.  
A fixed area of activity suggests an abscess. Newer techniques 
using Technetium –99m-haxamethyl-propylamine-oxime 
(HMPAO) provide for better image quality due to its rela-
tively selective labeling of granulocytes and also result in a 
lower radiation dose to the patient. Some studies using this 
tracer have shown very high sensitivity rates, but specificity 
is less due to its inability to differentiate between IBD and 
infectious causes of disease.64 The advantage of such radio-
nuclide scanning techniques relates mostly to their ability to 
differentiate between inflamed versus quiescent disease, and 
their use will probably increase as newer labeling agents are 
devised.

Endoscopy

Colonoscopy has strongly influenced the diagnosis and eval-
uation of the patient with IBD. It is the study of choice for the 
patient with suspected UC since it can directly visualize the 
entire extent of the disease process. It is similarly relevant for 
CD when involving the colon, and can also be used to intubate 
and evaluate the terminal ileum. Most significantly, colonos-
copy provides biopsies, which allows a tissue diagnosis to 
be made by the pathologist. There are numerous indications 
for colonoscopy in the patient with IBD (Table 27-4) and as 
such, colonoscopy plays a significant role in the evaluation 
and management of these patients. The gross appearance of 
the colon as seen on colonoscopy can frequently differentiate 
between CD and UC (Table 27-5). Its use in the patient with 
severe disease is controversial. Although studies exist sug-
gesting that it can be safely undertaken in the severely colitic 
patient, the risk of perforation due to insufflation, biopsy, or 
mechanical bending of the scope is generally acknowledged 
as being high and thus colonoscopy is generally avoided in 
the acute setting. However, such severely ill patients still 

need endoscopic evaluation to exclude concurrent diseases 
such as pseudomembranous or cytomegalovirus-induced 
colitis. Rigid or flexible proctoscopic evaluation is thus rec-
ommended, with biopsies done in the lower rectum below 
the peritoneal reflection in order to minimize the risk of free 
perforation.

The flexible sigmoidoscope is conveniently used for the 
evaluation of the unsedated, office patient, but is limited by 
its 65-cm length to visualize the colon up to approximately 
the splenic flexure. However, this evaluation can often be 
adequate and, in the case of UC, definitive. In the patient 
with typical presenting symptoms of bloody diarrhea and 
tenesmus, a flexible sigmoidoscopy with biopsies and stool 
culture for pathogens and ova/parasites may complete the 
work-up and make the diagnosis.

There is an increasing experience with through-the-scope 
(TTS) pneumatic dilatation of colonic or ileocolonic strictures 
in CD. The technique incorporates repetitive insufflation of 
the TTS balloon for 15–60-s periods, with the larger bal-
loons (25 mm) being associated with more patient pain and 

Table 27-4. Indications for colonoscopy in inflammatory bowel 
disease

•	 Diagnosis: – Gross appearance
– Tissue biopsy

•	 Disease	extent
•	 Disease	complications: – Fistuli

– Stricture
– Bleeding

•	 Preoperative	“Staging”
•	 Monitor	response	to	therapy
•	 Stricture	management: – Biopsy

– Dilatation
•	 Cancer	surveillance

Table 27-5. Gross (Colonoscopic) features of colitis

Ulcerative colitis Crohn’s disease

Early
Edema Aphthous ulcers
Confluent erythema Patchy, asymmetric 

erythema
Loss of vascular markings Anal disease: waxy skin 

tags linear fissures
Intermediate

Granularity Linear serpiginous ulcers
Bleeding Pseudopolyps
Micropurulence Anal disease: Fistulia 

abscesses
Advanced/late

Ulcerations, transmural 
disease

Confluent ulcers

Pseudopolyp formation Deep “bear claw” ulcer-
ations

Purulence Strictures
Variable thinning/thickening Mucosal bridging of colon
Mucosal bridging
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complications than the smaller ones (12 mm). In a prospective 
study of 55 patients, long-term success (mean follow-up of 
34 months) with complete relief of obstructive symptoms was 
achieved in 62% of patients, while 19 (38%) patients required 
operation and six (11%) suffered a perforation.65

Upper endoscopy or esophagogastroduodenoscopy (EGD) 
will infrequently be used in the management of CD since 
gastroduodenal CD occurs in less than 5% of patients. How-
ever, when CD does affect the stomach or duodenum, stric-
tures are common, and therapeutic dilatation and biopsies 
to evaluate for malignancy via EGD are necessary. More 
commonly, EGD is useful in the evaluation of the differen-
tial diagnosis of upper abdominal pain or dysphagia in the 
IBD patient. Esophageal candidiasis brought on by immu-
nosuppression, duodenal or gastric ulcerative disease due to 
steroids, or reflux disease from downstream partial obstruc-
tion occurs with increased frequency in the IBD patient and 
is well evaluated by EGD. The so-called push enteroscopy 
using specially designed flexible scopes has been developed 
to improve access of the endoscopist to the jejunum, but its 
use is very limited. The preferred study for the evaluation of 
small bowel CD is still small-bowel contrast follow-through, 
enteroclysis, or CT enterography.

Wireless Capsule Endoscopy

Wireless capsule endoscopy (WCE) is a recent unique 
development for the visualization of the small bowel. An 
11 × 26 mm capsule is swallowed that transmits two video 
images per second to a receiver worn on the belt. Over the 
8-h battery life of the device, more than 50,000 images are 
transmitted and stored that are subsequently evaluated at 25 
frames per second by dedicated software and the human eye. 
Subtle small bowel lesions, usually out of the reach of the 
colonoscope or upper endoscope, can be appreciated. Its role 
in CD is still being clarified, but criteria for its use include 
the recommendation for prior colonoscopy and intubation 
of the terminal ileum. Many studies using WCE have found 
CD in the most common regions that can be easily reached 
by a colonoscope, obviating the need for the more expensive 
WCE. In addition, a small-bowel contrast series is also neces-
sary since the size of the capsule may cause it to impact at a 
stricture, precipitating acute bowel obstruction requiring sur-
gery. Other problems include its limited battery life in patients 
with slow transit, the inability to biopsy, and its imperfect 
localization of identified lesions. Nonetheless, this technol-
ogy provides an added and potentially more sensitive tool in 
the diagnosis and management of patients with CD.57,66,67

Pathology

Ulcerative Colitis

UC begins in the rectum and extends proximally to a variable 
distance, with the worst disease being distal and the least 
disease being proximal. The disease may be limited to the 

rectum (ulcerative proctitis), or extend to only the left colon 
or completely to the cecum (pancolitis). The terminal ileum 
may be inflamed in continuity with the cecum (backwash 
ileitis). The disease is in continuity, and segmental or “skip” 
disease does not occur, although the so-called rectal spar-
ing or some degree of patchiness can be seen in the actively 
treated patient, especially when enema therapy has been 
given. The gross appearance of the inflammatory process 
depends on the severity and duration of the disease (Table 27-5). 
In early disease, inflammation is restricted to the mucosa 
but in its severest, toxic form, it can become transmural and 
indistinguishable grossly and histopathologically from CD, 
with deep ulcerations, pseudopolyp formation, and variable 
areas of thickened and thinned colonic wall.

The histopathologic features of UC are listed in Table 27-6.  
There are no pathognomonic features of UC and in its 
extreme form, it can resemble CD. However, typical UC is 
associated with inflammation limited to the mucosa or lam-
ina propria, including relatively uniform crypt distortion and 
crypt abscesses. Goblet cell mucin depletion is common and 
the inflammatory infiltrate is usually neutrophilic, two fea-
tures that distinguish UC from CD where mucin depletion 
is uncommon and the inflammation is usually mononuclear. 
More severe UC leads to the entire loss of the crypt, with 
deeper submucosal and transmural inflammation and ulcer-
ation. In the chronic, more quiescent phase, UC will have 
mucosal reconstitution but will still have crypt distortion, 
foreshortening, and branching. Inflammation will be vari-
ably reduced, or even absent, but when present, it will be 
relatively uniform in distribution. Dysplasia in long-standing 
UC is common but can be interpreted only in the setting of 

Table 27-6. Histology of inflammatory bowel disease

Ulcerative colitis Crohn’s disease

Early
Crypt distortion, branching Patchy crypt distortion
Goblet cell mucin depletion Minimal goblet cell mucin 

depletion
Vascular congestion  

(without inflammation)
Aphthoid ulcers

Mucosal inflammation
Intermediate

Uniform crypt abscesses Focal crypt abscesses
Loss of mucosa with reten-

tion of crypts
Vasculitis (20%)

Noncaseating granulomas
Lamina propria neutrophils (20–60%) Mononuclear cell 

infiltrate
Advanced/late

Crypt destruction Transmural inflammation
Neuronal hyperplasia 

uncommon
Neuronal hyperplasia 

common
Deeper submucosa  

inflammation
Mucosal and submucosal

Pseudopolyp, mucosal 
thickening bridging

Fibrosis and strictures

Dysplasia common Dysplasia uncommon
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non-inflamed bowel, since many of its features are  common 
with inflammation, namely, crypt distortion, increased 
mitotic index, and nuclear atypia.

Crohn’s Disease

The gross features of CD include its ability to affect any 
portion of the GI tract, its transmural inflammation, and its 
propensity to create fistulas and strictures, including in the 
perianal area. Skip lesions are common, resulting in mul-
tiple areas of bowel affected simultaneously with intervening 
segments of normal intestine. Diseased bowel may fistulize 
into adjacent bowel that is otherwise unaffected, a type of 
bystander injury that only requires surgical removal of the 
offending segment of intestine with primary repair of the 
fistula in the remaining, healthy bowel. Serositis is com-
mon in CD, as is fat wrapping or creeping fat, all nonspe-
cific responses to the observed transmural inflammation. 
On the mucosal surface, the earliest changes are aphthous 
ulcers, which are tiny white pinpoint lesions representing 
mucosal ulcerations in the vicinity of enlarged lymphoid fol-
licles. These lesions are thought to then enlarge and coalesce 
into the larger, deeper longitudinal serpiginous ulcers com-
monly found in CD. These areas will have a deep, fissur-
ing appearance and will extend ever deeper into the bowel 
wall, infrequently perforating freely, but instead recruiting 
an inflammatory response from adjacent organs that tend to 
wall off the inflamed bowel and that can then lead to fis-
tulization. Healing is associated with granulation tissue and 
stricture formation, features not commonly found in UC.

Microscopically, the inflammatory infiltrate is commonly 
mononuclear and there is minimal goblet cell dropout in the 
mucosa. When crypt abscesses occur, they are nonuniform, 
affecting some crypts and not others. Vasculitis is sometimes 
seen (20%) and neuronal hyperplasia is common, both fea-
tures that are rarely seen in UC. The classic noncaseating 
granuloma is found in 20–60% of patient biopsies and is 
composed of epithelioid and giant cells of the Langhans type. 
Granulomas probably wax and wane in their presence and can 
also be found in adjacent tissues affected in continuity, such as 
bladder, lymph nodes, ovaries, and perianal squamous epithe-
lial skin tags. Their significance remains unclear, with some 
suggesting that they indicate a less aggressive form of CD.

Indeterminate Colitis

Approximately 10–15% of patients with colitis will have 
either clinical or pathologic features that do not allow a 
clear diagnosis of either CD or UC to be definitively made. 
This dilemma is often attributable to rapidly deteriorating, 
fulminant colitis, where even UC can have transmural or 
irregular mucosal involvement. Sometimes the gross ana-
tomic appearance is complicated by incomplete response to 
various medications, especially when delivered transanally 

as enemas, which can lead to relative “rectal sparing” and, 
therefore, suggest CD over UC. Frequently, the correct diag-
nosis involves the judgment of an experienced clinician who 
considers not only the histopathology, but also the clinical 
characteristics of the patient, the history of disease progres-
sion, and even more subtle data such as serum antineutro-
phil cytoplasmic antibody (ANCA) and ASCA testings (see 
Serum Tests for IBD). More than half of such indeterminate 
cases can usually be resolved with such consideration of the 
entire clinical picture. This is especially important in the 
patient who is a candidate for pelvic pouch reconstruction, 
where the results of such surgery are significantly worse in 
the misdiagnosed patient with CD.68

Serum Tests for IBD

Serum tests for IBD can be divided into several categories: 
acute phase reactants, nutritional parameters, and inflam-
matory markers. The prototypic acute phase reactant is the 
erythrocyte sedimentation rate (ESR), which is commonly 
used, especially in CD in spite of its imperfect correlation 
with disease activity. It is a necessary component to deter-
mine the CDAI (see section above). Some have suggested 
that ESR correlates better with colitis, either CD or UC, than 
with small bowel CD. This may be due to the fact that ESR 
may be normal in CD patients with noninflammatory dis-
ease who nonetheless may be very symptomatic due to the 
presence of “burned-out” fibrotic strictures.69 Conversely, an 
acute abscess from a long-standing fistula in ano may elevate 
the ESR without any evidence for flaring of intestinal dis-
ease. Similar difficulties have been encountered in correlat-
ing disease status with other acute phase reactants, such as 
C-reactive protein (CRP), orosomucoid (alpha-1-acid gly-
coprotein), alpha-1-antitrypsin, and alpha-2-globulin.70 The 
fecal excretion of alpha-1-antitrypsin when measured as a 
clearance ratio has some correlation to active intestinal dis-
ease, but difficulty with collection methodology makes this 
test rarely used. Presently, ESR and possibly CRP are the 
only two tests commonly used in the clinical arena.

Nutritional parameters are commonly used to assess the 
consequence of acute and subacute disease in IBD. Albumin, 
prealbumin, and iron (transferrin and serum iron) studies are 
reflective of the combined effects of decreased food intake (to 
minimize symptoms), compromised absorption (from inflam-
mation or surgical shortening of the bowel), and increased 
losses (from loss of proteins and blood from mucosal ulcer-
ation). B12 is commonly decreased in CD patients with ileal 
disease or after surgical resection. Such nutritional tests are 
nonspecific, but extremely valuable in clinical decision mak-
ing from either a surgical or a medical perspective. Other rel-
evant serum studies include liver function testing that may 
reveal subclinical primary sclerosing cholangitis.

Research into the immune regulatory pathways that play 
a role in the inflammation seen in IBD has resulted in the 



460 W.A. Koltun

identification of numerous chemokines that are altered in 
IBD.45 Many of these, including IL-1, IL-2, IL-6, IL-8, TNF, 
CD45, soluble IL-2, and interferon-gamma, have not been 
used beyond investigative protocols for a number of reasons. 
Frequently, serum levels of these cytokines do not correlate 
with the abnormal levels found in the affected tissues, thus 
obviating their use as serum tests. A possible exception may 
be the soluble IL-2 receptor (sIL-2r). Increased serum lev-
els of sIL-2r seem to correlate with mucosal inflammatory 
activity. Levels drop with response to therapy in parallel with 
the CDAI, and high levels have been predictive of clinical 
relapse.71

Perinuclear antineutrophil cytoplasmic antibody (pANCA) 
is an autoantibody found in the serum of approximately 
50–70% of UC patients, but only in 20–30% of CD patients.72 
It does not correlate with disease activity, but is thought to 
indicate a more aggressive disease type, due to its association 
with patients who are relatively resistant to medical manage-
ment and also with patients who commonly suffer pouchitis 
after IPAA.73,74 Another serum antibody, to a common yeast, 
Saccharomyces cerevisiae (ASCA), has been shown to be 
present in 50–70% of CD patients but only in 10–15% of UC 
patients. Thus, the measurement of both ANCA and ASCA 
is increasingly being used to try to differentiate between CD 
and UC when the disease is limited to the colon and confus-
ing features, such as rectal sparing, exist.

Recently, a number of genetic mutations have been dis-
covered which are associated with Crohn’s disease. The 
presence of these mutations can be assayed using the DNA 
of leukocytes harvested by peripheral blood draw. Three 
mutations affecting the CARD15/NOD 2 gene on the short 
arm of chromosome 16 have been identified as being asso-
ciated with CD.34,75 The NOD2/CARD15 gene codes for an 
intracellular protein that has high binding affinity for bacte-
rial peptidoglycan and may play a role in innate immuno-
responsiveness to enteric bacteria. Mutations in this gene 
are found in approximately 10–30% of CD patients versus 
8–15% of healthy controls. The relative risk of developing 
CD if mutations are carried in both copies of this gene is 
10–40 times that in the general population. The presence 
of this mutation in a patient with CD is associated with 
ileal disease, earlier age of onset, and possibly fibrostenos-
ing characteristics.76,77 Mutations can be easily assayed 
by  polymerase chain reaction (PCR) techniques, and hold 
promise for possibly predicting responsiveness to medical 
or surgical therapies.

Evaluation of the Acute Patient with Acute 
Exacerbation of IBD

The clinical and laboratory evaluation of the patient presenting 
with IBD will depend on many factors. Obviously, a good his-
tory and physical examination will focus the clinical caregiver 

in one or another area that will then direct subsequent testing 
and care. Many of the testing regimens described previously 
in this chapter apply to a greater or lesser degree based on 
clinical circumstances. There is no one good test for IBD, so 
the clinical judgment, experience, and acumen of the physi-
cian are key in patient management. Nonetheless, there are 
some basic and fundamental testing regimens that should at 
least be considered, if not repetitively performed, whenever 
IBD is considered the possible diagnosis. A basic outline of 
evaluation of the acutely presenting IBD patient is found in 
Table 27-7. It is important to remember that the patient with 
a known diagnosis of IBD will frequently still require such 
a basic evaluation whenever the disease flares. This need is 
in part due to the recognition that these patients are at sig-
nificant risk for the development of a superimposed second-
ary diagnosis not infrequently related to iatrogenic causes. 
These associated problems might include pseudomembra-
nous or cytomegalovirus colitis, stress or steroid-induced 
gastric ulceration, fungal sepsis, or neutropenia. In addition, 
a patient known to have IBD who presents with worsen-
ing symptoms may have progression of the disease or the 
development of a directly related complication, such as an 
intraabdominal abscess, bowel obstruction, toxic colitis, or 
colovesical fistula. Thus the studies outlined in Table 27-7 
should be regularly considered for the patient presenting 
with an acute exacerbation of IBD, tempered by the good 
clinical judgment of the caring physician.

Table 27-7. Evaluation of the patient with inflammatory bowel 
disease

Test Purpose

Serum labs CBC r/o anemia, leukocytosis
Electrolytes,  

renal function
r/o electrolyte disturbance 2° diarrhea, 

dehydration
ESR, +/− CRP ↑ in systemic disease
LFT’s, albumin r/o PSC, nutritional compromise

Stool studies C. difficile r/o infectious causes
O&P r/o infectious causes
Pathogens r/o infectious causes

X-rays Plain abdominal 
X-rays

r/o free air, toxic colitis, stones,  
obstruction

SBFT/entero-
clysis

For small bowel disease

Barium/Gastro-
grafin enema

For fistuli, strictures, and distribution  
of disease

CT scan For abscess, obstruction, fistuli,  
and adjacent organ involvement

Endoscopy Flexible/rigid 
scope

For biopsy to r/o CMV, granulomas, 
pseudomembranes

Colonoscopy For biopsy, visualize extent and severity 
of disease

SBFT small-bowel follow-through; r/o rule out; CMV cytomegalovirus; 
LFTs liver function tests; CT computed tomography; O&P ova and para-
sites; ESR erythrocyte sedimentation rate; CRP C-reactive protein; CBC 
complete blood cell count; PSC primary sclerosing cholangitis.
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IBD: Medical Management
Bruce E. Sands

Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are inflam-
matory conditions characterized by periods of symptomatic 
relapse and remission. The cause of inflammatory bowel dis-
ease (IBD) is unknown but it is believed to be caused by a 
combination of environmental, genetic, and immunological 
factors in which an uncontrolled immune response within 
the intestinal mucosa leads to inflammation in genetically 
predisposed individuals. Multifactorial evidence suggests 
that a defect of innate immune response to microbial agents, 
as well as abnormalities in adaptive immunity and epithelial 
barrier function are involved in IBD.1

The goals of therapy for IBD include controlling symp-
toms, improving quality of life and minimizing short-term 
and long-term complications of disease and treatment. Ther-
apy is guided by the anatomic extent of inflammation, the 
severity of clinical symptoms, patient response to treatment, 
adverse outcomes related to treatment and the occurrence of 
disease complications. There are two phases of treatment: 
(1) inducing remission in active disease and (2) maintaining 
remission. Surgery is usually reserved for treating medically 
refractory disease or for specific complications; however, 
appropriate timing for surgery requires considerable judg-
ment about the anticipated risks, benefits, and outcomes of 
surgery.

Crohn’s Disease: Medical Management

CD is a chronic inflammatory condition that can affect any 
area of the gastrointestinal tract from the mouth to the anus. 
The disease most commonly affects the ileum and colon. 
Inflammation in CD disease tends to be focal, asymmetric, 
transmural, and occasionally granulomatous. In addition, CD 
may be complicated further by penetrating (fistula, abscess) 
or cicatrizing (stricture) complications. Such complications 
are variable in their rate of occurrence, with some individuals 

presenting early with complicated disease behavior, and  others 
never developing such complications over long periods of 
observation. Recurrent disease tends to manifest with the same 
complications. Therefore, a patient who requires a resection 
for ileal stricture is at increased risk for a second surgery for 
the same complication, and patients who demonstrate fistuliz-
ing disease behavior are likely to have recurrent fistulas. It is 
also possible to find both sorts of complications in the same 
individual. In particular, enteroenteric or enterocolonic fistulas 
may arise behind high grade strictures.

Given the variability of disease location and compli-
cations, symptoms and their severity are highly variable 
among individuals. Characteristic symptoms of CD include 
diarrhea, sometimes including nocturnal diarrhea, abdomi-
nal pain, and fatigue. Rectal bleeding may occur in CD but is 
less common than in UC. Clinical signs include fever, weight 
loss, pallor, an abdominal mass or tenderness, and perianal 
conditions, including fissure, fistula, or abscess. Extraintes-
tinal manifestations are also common. These include arthral-
gias or frank arthritis; inflammatory conditions of the eye, 
including scleritis, iritis, or uveitis; skin conditions such as 
erythema nodosum or pyoderma gangrenosum; and mouth 
sores.

Mild-to-Moderate Crohn’s Disease

Individuals with mild to moderate disease have fewer than 
four stools daily, are ambulatory, and able to tolerate solid 
foods and liquids. Often these individuals do not experi-
ence abdominal tenderness and do not have an abdominal 
mass. Severe complications such as intestinal obstruction are 
 lacking, as are signs of systemic toxicity (fever, tachycardia, 
anemia, elevated erythrocyte sedimentation rate). Aminosali-
cylates and antibiotics are often used to treat mild-to- moderate 
Crohn’s disease, although the topically acting steroid, budes-
onide, is increasingly used as a drug of choice for mild to 
moderate disease of the terminal ileum or proximal colon, 
with minimal steroid side effects.
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Sulfasalazine and 5-Aminosalicylates

Sulfasalazine (SSZ) and 5-aminosalicylates (5-ASA) are 
often used as first-line therapy for the treatment of mild 
to moderate CD, despite thin evidence in support of their 
efficacy. The National Cooperative Crohn’s Disease Study 
(NCCDS) and the European Cooperative Crohn’s Disease 
Study (ECCDS) were large controlled clinical trials evaluat-
ing the efficacy of SSZ for the induction and maintenance 
of remission in patients with active CD.2,3 The results of 
NCCDS demonstrated the benefits of SSZ 6 g/day over pla-
cebo for up to 16 weeks in patients with active ileocolonic 
and colonic CD.2 In contrast, SSZ did not induce remission 
at 3 g/day as monotherapy but was shown to be beneficial in 
combination with methylprednisolone in the ECCDS.3 Most 
studies have shown that SSZ is not consistently effective for 
patients with active disease limited to the small intestine.3–5

Mesalamine (5-ASA), an aminosalicylate without the sulfa 
component found in SSZ, was developed to increase toler-
ance and decrease the occurrence of side effects. Depending 
on the delivery system, 5-ASA is formulated to release at 
certain pH values or in a time-dependent manner in specific 
areas of the small and/or large intestine. Delayed-release for-
mulations of mesalamine include Eudragit-S coated mesala-
mine (Asacol®) that releases 5-ASA in the terminal ileum 
and cecum at pH 7, and Eudragit-L coated mesalamine for-
mulations (Salofalk®, Mesasal®, and Claversal®) that release 
in the mid-ileum at pH 6. Pentasa®, (a sustained-release for-
mulation of mesalamine microgranules enclosed within a 
semipermeable membrane of ethylcellulose), is designed for 
controlled release throughout the small and large intestine, 
beginning in the duodenum. Newer azo-bonded formula-
tions designed for release in the colon include the 5-ASA 
dimer, olsalazine (Dipentum®), and balsalazide (Colazal®), 
which are composed of 5-ASA molecules azo-bonded to the 
inert carrier molecule 4-aminobenzoyl-b alanine. Lialda® is 
a delayed-release tablet containing mesalamine that allows 
for once-daily dosing and releases at a pH 7 or above, nor-
mally in the terminal ileum. Apriso®, also a mesalamine 
compound, is an extended release capsule that is taken once 
daily and dissolves at a pH 6 starting in the small intestine 
and continuing throughout the colon.

Although commonly prescribed for the treatment of CD in 
clinical practice, 5-ASA has not consistently demonstrated 
efficacy in controlled clinical trials.6 Table 28-1 describes 
dosing guidelines for SSZ and 5-ASA. Response to therapy 
should be evaluated after 6–12 weeks. Though occasionally 
used for disease limited to the rectum and left colon, topically 
delivered preparations of 5-ASA (suppositories, enemas) 
have not been evaluated in controlled trials in patients with 
distal colonic CD. SSZ and 5-ASA are not recommended for 
maintenance of remission.

Treatment-limiting adverse events occur frequently with 
SSZ. Headache and gastrointestinal upset are common 
dose-dependent side effects of SSZ. Patients who are slow-
 acetylators are at an increased risk of developing these side 
effects.7 Rare side effects include hypersensitivity reactions, 
fever, rash, pneumonitis, hepatitis, pancreatitis, hemolytic 
anemia, and bone marrow suppression. SSZ depletes folate 
and should therefore be given with a folate supplement. Young 
men wishing to conceive should be alerted to the fact that SSZ 
may cause reversible sperm abnormalities, leading to relative 
infertility that reverses within 3 months of stopping the drug.

5-ASA preparations are well tolerated, and hypersensitivity 
reactions are rare. The majority of patients who cannot toler-
ate SSZ can tolerate a 5-ASA. Common side effects include 
headache, diarrhea, flatulence, nausea, and abdominal pain. 
Patients taking olsalazine may experience worsening of diar-
rhea resulting from increased ileal fluid secretion. This dose-
dependent phenomenon usually improves with time.

Antibiotics

Antibiotics are used as alternative agents to SSZ or 5-ASA in 
CD. In addition to treating mild-to-moderate CD, antibiotics 
are valuable in treating perianal or perforating complications 
of CD. The two most commonly prescribed antibiotics are 
metronidazole and ciprofloxacin. The majority of studies 
demonstrate improvement with antibiotics when disease is 
limited to the colon.8–11

Clinical response is seen in patients taking up to 20 mg/kg 
of body weight daily of metronidazole.8,9 Side effects occur 
in up to 50% of patients who take metronidazole short-term 
and include gastrointestinal intolerance, metallic taste, and 

Table 28-1. Sulfasalazine and 5-aminosalicylates

Generic Brand Daily dose Site of action

Sulfasalazine Azulfidine 4–6 g daily in divided doses Colon
Azulfidine EN-Tabs 4–6 g daily in divided doses Colon

Mesalamine Canasa (suppositories) 500–1,000 mg daily QHS Rectum
Rowasa (enemas) 1–4 g daily QHS Rectum/distal colon
Asacol 2.4–4.8 g daily in divided doses Terminal ileum/colon
Pentasa 2–4 g daily in divided doses Distal small bowel/colon
Lialda 2.4–4.8 g daily in a single dose Colon
Apriso 1.5 g daily in a single dose QAM Colon

Olsalazine Dipentum 1.5–3 g daily Colon
Balsalazide Colazal 6.75 g daily Colon
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reaction to alcohol. Peripheral neuropathy, possibly irrevers-
ible, may occur with long-term use and patients should be 
counseled about this potential complication.

Ciprofloxacin, a quinolone antibiotic, has a suppressive 
effect on a variety of intestinal bacteria. Ciprofloxacin was 
shown in one study to be as effective as 5-ASA for achiev-
ing remission in mild-to-moderate active disease.12 Combi-
nation treatment with metronidazole and ciprofloxacin may 
be an alternative to steroid treatment in mild-to-moderate 
active CD.13 Ciprofloxacin is generally prescribed at a dose 
of 500 mg twice daily. Side effects include gastrointestinal 
upset, skin reactions, and an increase in transaminase  levels. 
In addition, ciprofloxacin has been associated with rare cases 
of tendonitis and Achilles tendon rupture.

Rifaximin, a broad spectrum antibiotic with negligible 
intestinal absorption, was shown to be efficacious in an 
open-label study in patients with active CD.14 A dose of 200–
400 mg three times daily is usually prescribed. Described 
side effects include flatulence, headache, abdominal pain, 
tenesmus, and fecal urgency.

Budesonide

Enteric coated preparations of budesonide deliver corticos-
teroid topically with minimal systemic exposure. Multiple 
randomized controlled trials have demonstrated the efficacy 
of budesonide over placebo for the induction of remission 
in patients with mild to moderately active ileal or ileo-right 
colonic disease.15–17 Budesonide has also been shown to be 
a more effective treatment than 5-ASA for patients with the 
correct disease locations.18 Several studies have compared 
budesonide with prednisone and found that rates of clinical 
remission were similar in each group and the occurrence of 
corticosteroid-related side effects was considerably less.19–22

Approximately 90% of budesonide undergoes first-pass 
metabolism, which accounts for lower systemic exposure 
than traditional corticosteroids and minimizes adverse 
events. A course of therapy is initiated at 9 mg/day. After 
clinical response is achieved, usually in 4–8 weeks, the dose 
is tapered by 3 mg every 2 weeks. Budesonide, 6 mg/day, 
can delay clinical relapse rates for 3–6 months23–26 but not 
at 1 year;27 therefore, it is not recommended as a long-term 
maintenance agent.

Moderate-to-Severe Crohn’s Disease

Patients with moderate-to-severe CD are considered to have 
failed treatment for mild-to-moderate disease, or have prom-
inent symptoms of fever, significant weight loss of >10%, 
abdominal pain or tenderness, intermittent nausea or  vomiting 
(without obstructive findings), or significant anemia. The 
treatment options for these patients include corticosteroids, 
biologic agents, and the early addition of immunomodulator 
therapy with azathioprine (AZA), 6-mercaptopurine (6-MP), 
or methotrexate (MTX) as an adjunct or a bridge to mainte-
nance therapy.

Oral Corticosteroids

Oral corticosteroids are effective for the induction of remis-
sion in patients with moderate to severe CD. Approximately 
60% of patients treated with prednisone in the NCCDS 
were in clinical remission at 17 weeks compared to 30% on 
placebo.2 During the ECCDS, 80% of patients treated with 
methylprednisolone achieved clinical remission at 18 weeks 
compared to <40% of placebo patients.3

Prednisone doses of 40–60 mg daily are often prescribed 
for 2–6 weeks to induce remission, although no appro-
priate dose-ranging studies have been performed to date. 
Approximately 50–70% of patients will achieve remission 
at these doses.2 Higher doses of prednisone (1 mg/kg) or 
methylprednisolone (1 mg/kg) have had somewhat higher 
response rates of 80–90%; however, there is an increased 
incidence of side effects.3 Generally, prednisone doses are 
tapered by 5–10 mg/week until 20 mg and then by 2.5–5 mg 
weekly from 15 or 20 mg until discontinuation of therapy; 
however, taper schedules vary by clinician and according 
to patient response. The majority of patients treated with 
corticosteroids are unlikely to remain well over 1 year 
without specific effective maintenance therapy with other 
agents.28,29 Corticosteroids are not recommended as main-
tenance agents.

Dependency and resistance are major concerns when 
treating patients with corticosteroids. On average, 50% of 
patients treated for active symptoms with a corticosteroid 
will become “steroid dependent” or “steroid resistant.”28,29 
Studies suggest that younger patients, smokers, and/or those 
with colonic disease have the highest risk of becoming corti-
costeroid dependent.30

The occurrence and severity of most side effects associ-
ated with corticosteroids are related to the dose and dura-
tion of treatment. Common findings include insomnia, fluid 
retention, acne, moon face, abdominal striae, weight gain, 
hypertension, hyperglycemia, glaucoma, cataracts, and mood 
disturbances. Musculoskeletal complications, such as osteo-
porosis, osteonecrosis, and myopathy, are important side 
effects. In addition, adrenal suppression can arise in the course 
of treatment and contribute to physiologic dependence.

Immunomodulators

AZA and 6-MP are effective for maintaining a corticoster-
oid-induced remission and are beneficial as steroid sparing 
agents in steroid-dependent and steroid-refractory CD.31,32 
In clinical practice, AZA 2.0–2.5 mg/kg and 6-MP 1.0–
1.5 mg/kg are used for maintenance therapy. Clinical benefit 
may not be evident for 3–4 months after initiation31,32 but 
may be durable.

Adverse events include leukopenia, liver function abnor-
malities, pancreatitis (3–7%) and lymphoma.33 Pancreatitis 
typically presents during the first 8 weeks of therapy. Rein-
troduction of either agent should be avoided if pancreatitis 
occurs as it will invariably reoccur. Routine monitoring of 
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complete blood counts, initially every 1–2 weeks, then, at 
least every 3 months is recommended to avoid the risk of 
acute or delayed bone marrow suppression. Rare hypersen-
sitivity reactions, including high fever, rash, liver function 
test abnormalities, may occur. Non-melanoma skin cancers 
and cervical cancer may also occur more frequently. There 
is a slightly increased risk of lymphoma estimated at nine 
cases in 10,000 patient-years of exposure.34 Genetic poly-
morphisms of thiopurine methyltransferase (TPMT), the 
primary enzyme metabolizing 6-MP, have been identified 
and drug metabolite levels may be measured. Such clinical 
assays allow practitioners to more accurately monitor and 
dose these medications according to measurements of the 
metabolites 6-thioguanine and 6-methylmercaptopurine.35 
The value of therapeutic monitoring has not been adequately 
assessed in a prospective fashion. Prior to starting AZA or 
6-MP, TPMT enzyme activity or genotype should be deter-
mined for each patient whenever possible. AZA and 6-MP 
should be avoided in patients deficient in TPMT. Patients 
with heterozygous genotype of intermediate activity should 
initiate therapy at reduced doses, generally, AZA 1.0–
1.25 mg/kg or 6-MP 0.5–0.75 mg/kg daily. If TPMT activity 
or genotype cannot be assayed in advance of starting therapy, 
these drugs should be dosed with caution initially, with care-
ful monitoring for leukopenia.

Methotrexate

MTX may be used to induce remission and as a steroid 
sparing agent in patients with corticosteroid-refractory or 
dependent CD.36–40 MTX 25 mg administered once weekly 
subcutaneously (SC) or intramuscularly (IM) is the preferred 
dose. Folic acid 1 mg daily is routinely given as well. After 
remission has been achieved, a dose of 15 mg weekly may 
be effective. Oral doses £ 15 mg/week are sometimes used 
to prevent development of antibodies to anti-TNF agents, a 
regimen adapted from rheumatology practice but never vali-
dated in IBD. MTX is an alternative agent to AZA and 6-MP 
for maintenance of remission.39,41,42

The most frequent side effects reported with MTX are 
nausea, vomiting, stomatitis, and, less often than with AZA 
or 6-MP, leukopenia. Ondansetron (Zofran®) and other anti-
emetic agents may improve tolerance. Rare complications of 
therapy include hepatic fibrosis and hypersensitivity pneu-
monitis. MTX is contraindicated in pregnancy as it is terato-
genic and abortifacient.

Biologic Therapy

Historically, biologic therapies (primarily anti-tumor necro-
sis factor antibodies) have been considered when CD is 
moderately to severely active despite therapy with aminosali-
cylates, corticosteroids, and/or immunomodulators, or if cor-
ticosteroids or immunomodulators are contraindicated, not 
tolerated, or ineffective. Biologic therapy may also be indi-
cated if patients are corticosteroid dependent or  refractory, 

or treatment with previous biologics was  ineffective. Patients 
with complications such as draining fistulas or  extraintestinal 
manifestations may derive particular benefit from biologic 
therapy.

Infliximab (chimeric monoclonal antibody) has been 
shown to effectively induce remission in patients with 
moderate to severe CD and to maintain remission in those 
patients.43,44  Initial response to infliximab was seen in 58% 
of patients enrolled in the ACCENT I trial.44 During long-
term follow-up, 51% of patients receiving infliximab experi-
enced a clinical response compared to 27% of patients taking 
placebo. In this same study, remission was achieved in 39% 
of patients  receiving infliximab compared to 27% in the pla-
cebo group.44

Infliximab is also useful for treating patients with corti-
costeroid-dependent and fistulizing disease.44,45 Patients 
treated with infliximab experience fewer hospitalizations and 
surgeries related to CD.46 The occurrence of extraintestinal 
manifestations, such as spondyloarthropathy, arthralgias, and 
pyoderma gangrenosum may be reduced with infliximab.47–49

Approximately 30% of patients have no response to inflix-
imab and not all responders have a complete response.44,50,51 
Elevated C-reactive protein (CRP), nonstricturing and pure 
colonic disease subtypes, and concomitant use of immuno-
modulators have been described as positive predictors for 
response to infliximab.52 AZA and 6-MP are most commonly 
used as concomitant suppression. Methotrexate (MTX) may 
also be used.53

Adalimumab (human anti-TNF antibody) and certoli-
zumab pegol (pegylated humanized anti-TNF Fab) are effec-
tive for inducing and maintaining remission in patients with 
moderate to severe CD who are naïve to anti-TNF agents or 
who have been exposed to infliximab, and for healing intes-
tinal mucosa.51,54–64 Adalimumab is also effective as a steroid 
sparing agent and in treating fistulas.51,65,66

Initial response rates to adalimumab and certolizumab 
pegol were 58% (CHARM) and 64% (PRECiSE 2), respec-
tively.51,67 During long-term follow up of over 1 year, adali-
mumab achieved a clinical response in 52% of patients 
compared to 27% patients taking placebo among patients 
who initially responded. Remission was achieved in 40% of 
those taking adalimumab compared with only 17% in the 
placebo group.51

During the PRECiSE 2 study 62.8% of patients receiv-
ing certolizumab pegol experienced a clinical response com-
pared to only 36.2% of those assigned to placebo among 
patients who initially responded to induction therapy with 
certolizumab pegol. Remission was achieved in 47.9% of 
patients assigned to certolizumab pegol compared to only 
28.6% of those receiving placebo.67

Newer treatment paradigms, referred to as “top-down 
therapy,” have been investigated, with the suggestion that 
anti-TNF therapy may be more effective when given earlier 
in the course of disease, and when given in combination with 
an immunomodulator such as  AZA. A landmark study from 
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Belgium and the Netherlands randomized patients with active 
CD, no history of complicated disease behavior, and no prior 
exposure to corticosteroids, immunomodulators or anti-TNF 
antibodies to receive either “step-up” therapy or early aggres-
sive therapy. In the step-up arm, patients were given a steroid 
taper. If this proved unsuccessful in controlling symptoms, or 
if symptoms reoccurred upon taper, a second steroid taper was 
given. Failing this, patients received an immunomodulator  
(AZA, or MTX if AZA was not tolerated). Finally, patients 
refractory to each of these steps were given an infusion of inf-
liximab. This arm of randomization represents the prevailing 
paradigm of treatment, where therapy is dictated by control 
of symptoms as trial and error escalation through therapies of 
increasing immune suppression. The second arm of random-
ization incorporated induction dosing with infliximab 5 mg/
kg at weeks 0, 2, and 6, and simultaneous initiation of an 
immunomodulator. If the patient flared despite this regimen, 
an additional dose of infliximab could be given, and failing 
this, a tapering course of oral corticosteroids. The primary 
outcome measures were remission without corticosteroids 
and without bowel resection at weeks 26 and 52. At week 
26, 60% of patients in the combined immunosuppression 
group were in remission without corticosteroids and without 
surgical resection compared to only 35.9% in the “step-up” 
group (absolute difference 24.1%, CI 7.3–40.8, p = 0.0062). 
Similar benefits were seen at week 52, 61.5% receiving early 
immunosuppression achieved the clinical endpoints of corti-
costeroid-free remission and prevention of surgical resection 
compared to 42.2% taking corticosteroids (absolute differ-
ence 19.3%, 95% CI 2.4–36.3, p = 0.028). The occurrence of 
serious adverse events was comparable in each group. The 
authors concluded that combined immunosuppression was 
more effective than conventional management for induction 
of remission and reduction of corticosteroid use in patients 
who had been recently diagnosed with CD. Initiation of more 
intensive treatment early in the course of disease may result 
in better outcomes.68

In a second randomized controlled trial, the benefits of 
monotherapy with an immunomodulator or anti-TNF anti-
body was compared to the combination of both in patients 
with relatively early and uncomplicated disease. The SONIC 
study was conducted to compare azathioprine monotherapy, 
infliximab monotherapy, and the combination of both agents 
in patients with CD naïve to immunomodulators and bio-
logic therapy.69 The primary endpoint of the study was cor-
ticosteroid-free clinical remission at 26 weeks. In the study, 
significantly more patients treated with infliximab alone 
or the combination of infliximab and azathioprine had relief 
of symptoms than patients treated with  azathioprine alone. 
Approximately 31% of patients taking azathioprine alone sig-
nificantly achieved corticosteroid-free clinical remission 
compared with 44.4% of patients on infliximab monother-
apy and 56.8% of patients on combination therapy.69 Patients 
with the highest levels of C-reactive protein and/or with endo-
scopic evidence of ulcers did better with infliximab alone or 

with combination therapy. Mucosal healing was seen in 44% 
of patients receiving infliximab combination therapy and 
30% receiving infliximab monotherapy compared with 17% 
of patients receiving azathioprine alone.69 Patients with CD 
who are naïve to immunomodulators and biologic agents are 
more likely to have enhanced mucosal healing when they 
are treated with infliximab and AZA, and attain a corticos-
teroid-free clinical remission. Adverse events were similar 
in all three arms of the study. There was no trend toward an 
increased risk of serious infections with infliximab alone or 
in combination with azathioprine.69

Additional data to support the “top-down” approach has 
shown that response to anti-TNF agents decreases with 
longer duration of disease. In the CHARM study 59% of 
patients diagnosed with CD for <2 years responded signifi-
cantly to treatment with adalimumab compared to only 41% 
of patients having CD for ³5 years.70 Similar results were 
seen in the PRECiSE trial. Sixty-eight percent of patients 
with CD for <1 year responded to treatment with certoli-
zumab pegol compared to only 44% of patients with a dis-
ease duration >5 years.67

Natalizumab is a humanized monoclonal antibody that 
targets human a

4
 integrin, thereby interfering with traffick-

ing of leukocytes into the mucosa. Natalizumab is indicated 
for the induction and maintenance of response or remis-
sion in patients with moderate to severely active CD with 
documented inflammation, such as an elevated serum CRP 
concentration. Natalizumab should only be used in patients 
who are refractory or intolerant to immunomodulators and 
anti-TNF therapy and for whom surgery is not an accept-
able option. In addition, because of the risk of progressive 
multifocal leukoencephalopathy (PML), natalizumab should 
not be used concomitantly with immunomodulators or anti-
TNF agents, and corticosteroids should be tapered off by 
12 weeks from initiation of therapy with this agent.71–74 See 
Table 28-2 for specific indications and Table 28-3 for dosing 
guidelines for biologic therapies.

Anti-TNF agents and natalizumab have been shown in 
randomized placebo-controlled trials to be effective for 
maintenance of remission in patients with moderate to severe 
CD.44,51,67,73

Loss of Response to Anti-TNF Agents

One-third of patients who initially respond to an anti-TNF 
agent will subsequently lose response over the course of 
6–12 months.44,51,67 Loss of response is attributed to the devel-
opment of antibodies to therapy or loss of response to the 
mechanism of action of the TNF agent. The development of 
antibodies against biologic therapies can decrease the degree 
and duration of therapeutic response, and increase the likeli-
hood of infusion reactions in the case of infliximab. Forty-
eight percent of patients receiving infliximab in ACCENT 
I, 46% of patients taking adalimumab in CHARM and 37% 
of patients receiving certolizumab pegol in PRECiSE 2 no 
longer responded to treatment at 6 months.44,51,67
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Human anti-chimeric antibody (HACA) is produced in 
response to treatment with infliximab. It is associated with 
a shorter duration of response and increases risk of infu-
sion reactions.75 Patients who develop HACA will often be 
switched to an alternate anti-TNF agent. In a recent study, 
92% of patients with loss of response to infliximab with 
detectable HACA had a clinical response to an alternative 
anti-TNF agent compared with only 17% of patients who 
underwent an alternative strategy of increasing the dose 
of infliximab. In contrast, those patients with detectable 
HACA and subtherapeutic serum concentrations of inflix-
imab responded significantly better to increased doses of 
Infliximab (86%) rather than an alternative anti-TNF agent 
(40%).76 Therefore, a reasonable approach to loss of response 
to infliximab is to test for HACA and levels of infliximab. 
Patients with detectable HACA (normal <1.69 mcg/ml, lev-
els ³ 8 mcg/ml associated with loss of response) should be 
changed to an alternative anti-TNF agent or, less desirably, 
the dose could be increased. Those patients with subthera-
peutic levels of infliximab (levels ³ 12.0 mcg/ml at 4 weeks 
postinfusion correlate with a longer duration of response) 
may benefit from an increase in dose or frequency of dosing. 
An alternative option for these patients is changing to a dif-
ferent anti-TNF agent.75,76

A recent study evaluated the use of adalimumab in patients 
with CD who had responded to infliximab initially then either 

lost that response or became intolerant to therapy. Patients 
were randomly assigned to receive induction doses of adali-
mumab, 160 and 80 mg, at weeks 0 and 2, respectively, or 
placebo at the same time points. The primary endpoint was 
induction of remission at week 4. Twenty-one percent of 
patients in the adalimumab group versus 7% of those in the 
placebo group significantly achieved remission at week 4. 
The absolute difference in clinical remission rates was 14.2%. 
Adalimumab induced remission more frequently than placebo 
in adult patients with CD who could not tolerate infliximab or 
had symptoms despite receiving infliximab therapy.77

Concomitant immune suppression with AZA, 6-MP, or 
MTX reduces the development of antibodies. Antibodies to 
infliximab (ATI) were found in 38% of patients receiving 
episodic doses of infliximab without an immunomodula-
tor compared to only 16% receiving both episodic doses of 
infliximab and an immunomodulator during the ACCENT I 
study.78 Maintenance doses of anti-TNF agents in combina-
tion with an immunomodulator have been shown to limit the 
development of ATIs.

Adverse Events Associated with Biologics

Anti-TNF agents share similar adverse events including 
infusion or injection site reactions, autoimmunity (positive 
ANA, anti-double-stranded DNA antibodies; rare lupus-like 
reactions), activation of latent tuberculosis and development 

Table 28-2. Indications for biologic therapies

Indication

Crohn’s disease Ulcerative colitis

Infliximab Adalimumab Certolizumab Natalizumab Infliximab

Induction of response and remission X X X X1 X
Maintenance of response and remission X X X X X
Mucosal healing X X X X
Induction of response in adults with draining perianal fistulas X X
Induction of response in adults with draining abdominal  

or rectovaginal fistulas
X

Steroid sparing agent X X X X
Treatment of spondyloarthropathy, arthritis/arthralgia,  

pyoderma gangrenosum and erythema nodosum,  
uveitis and other ocular manifestations of Crohn’s disease

X X X

Loss of response or intolerance to infliximab X X X

X1 Must have also failed anti-TNF therapy and have evidence of inflammation.

Table 28-3. Dosing guidelines for biologic therapy

Biologic agent Induction regimen Maintenance dose Attenuated response Discontinue therapy

Infliximab 5 mg/kg IV at weeks 0, 2, and 6 5 mg/kg IV every 8 weeks 
beginning at week 14

10 mg/kg at 8-week intervals,  
or 5 mg/kg every 4 weeks

No response after 2 doses or infusions 
are required more frequently than 
every 4 weeks

Adalimumab 160 mg SC on day 1 of week 0, 
then 80 mg SC on day 1  
of week 2

40 mg SC every other week 40 mg SC weekly or 80 mg every  
other week

No response to induction therapy 
or duration of response decreases 
to less than 1 week

Certolizumab 400 mg SC at weeks 0, 2, and 4 400 mg SC every 4 weeks Extra dose of 400 mg SC 2 weeks  
after last dose

No response to induction therapy 
or when the duration of response 
decreases to 2 weeks

Natalizumab 300 mg IV at weeks 0, 4, and 8 300 mg IV every 4 weeks Other dosing regimens have not  
been adequately evaluated

Lack of response or inability to  
discontinue steroids by week 12
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of opportunistic infections. Fungal infections caused by  
Histoplasma capsulatum have been reported in 240 patients 
taking an anti-TNF agent, of which 12 deaths have occurred.79 
Given the risk of reactivation of latent tuberculosis, all patients 
should be screened for tuberculosis with tuberculin skin test-
ing (and chest X-ray if skin testing is positive) prior to initiat-
ing therapy with infliximab. Hematologic complications may 
also occur, including such as leukopenia, neutropenia, throm-
bocytopenia, or pancytopenia. Rarely, liver toxicity may 
occur and present as acute liver failure, jaundice, hepatitis, 
and cholestasis. Neurologic disorders including optic neuri-
tis, seizures, and new onset or exacerbation of central nervous 
system demyelinating disorders, including multiple sclerosis, 
have been reported with the use of anti-TNF agents.

Rare cases of hepatosplenic T-cell lymphoma, a lethal 
form of non-Hodgkin’s lymphoma, have been reported in 
patients receiving infliximab and AZA/6-MP.80 Cases of 
hepatosplenic T-cell lymphoma have been described almost 
exclusively in young males, and non-Hodgkin’s lymphoma 
is more common among men in general. There is a slightly 
increased risk of non-Hodgkin’s lymphoma estimated at 6.1 
cases in 10,000 patient-years of exposure to anti-TNF agents 
in combination with immunomodulators, as compared to the 
general population risk of 1.9 per 10,000 patient-years.81 An 
age-and gender-adjusted standardized incidence ratio is 3.23 
per 10,000 patient years (95% CI 1.5–6.9).81

Natalizumab may cause headache or rare infusion reac-
tions. Among patients receiving natalizumab for multiple 
sclerosis or CD, the risk of developing PML is approximately 
1 in 1,000 patients for patients treated for at least 1 year.82 
Immunomodulators are contraindicated with natalizumab 
due to increased risk of PML. There are also rare reports of 
liver toxicity with natalizumab.83

Contraindications to Biologic Therapies

Contraindications to anti-TNF agents are consistent across 
the class and include the following:

1. Known hypersensitivity to agent, if severe
2. Active infection
3. Untreated latent tuberculosis
4. Preexisting demyelinating disorder
5. Moderate to severe congestive heart failure
6. Current or recent malignancy, without advice from an 

oncologist
7. Further treatment with infliximab is contraindicated when 

the patient presents with uncontrolled infusion reactions

Contraindications to natalizumab include

1. Known hypersensitivity to agent, if severe
2. Active infection
3. Current or past PML
4. Liver disease
5. Continued treatment with an immune modulator or anti-

TNF antibody

Tacrolimus

Data on the use of tacrolimus in CD are limited and the drug is 
infrequently used to treat patients with significant disease and 
no other options. Various small studies have shown a trend 
toward clinical benefit especially in fistulizing disease.84–90 
Oral therapy is usually started with 0.1–0.2 mg/kg/day as a 
twice daily divided dose. Adverse effects of  tacrolimus include 
renal insufficiency, liver function abnormalities, infection, 
hyperglycemia, hypertension, and myelosuppression. Drug 
levels, blood counts, liver enzymes, renal  function, glucose 
level, and blood pressure need to be monitored on a regular 
basis in patients taking tacrolimus. Laboratory tests should 
be performed weekly initially and then less often after stable 
dosing is achieved. Trough drug levels should be maintained 
between 5 and 15 ng/mL.

Severe Crohn’s Disease

Patients with severe to fulminant CD have ongoing symp-
toms despite treatment with oral corticosteroids or an 
anti-TNF agent. Symptoms include high fever, frequent 
vomiting, evidence of intestinal obstruction, rebound ten-
derness, cachexia, or evidence of an abscess. These patients 
often require hospitalization and resuscitative therapy with 
fluid and electrolytes for dehydration. Surgical evaluation 
is warranted for patients with intestinal obstruction or who 
have a tender abdominal mass suggestive of an abscess.

Severe disease may be treated with high-dose intravenous 
corticosteroids. Doses of hydrocortisone 100 mg IV three 
times daily or methylprednisolone up to 60 mg IV daily may 
be used to induce remission. AZA or 6-MP should be initiated 
in patients who respond to IV corticosteroids.86 A patient who 
does not respond after 5–7 days of therapy may benefit from 
infliximab or intravenous (IV) cyclosporine (CSA).  Failure 
to respond to medical therapy or worsening  symptoms are 
indications for surgery.

Indications for Surgery in Crohn’s Disease

Unlike UC, CD is not surgically curable. Approximately 
two-thirds of patients with CD will require surgery at some 
point during their disease course. Surgery is often performed 
to avoid medication side effects or to treat complications 
of disease such as hemorrhage, perforation, obstruction, or 
abscess. While surgical resection is most commonly done, 
the disease predictably recurs at the anastomotic site, and 
stricturoplasty is a reasonable surgical alternative if previ-
ous small bowel resections place the patient at risk of short 
bowel syndrome. Any patient who fails to respond to 7–10 
days of intensive inpatient management should be strongly 
considered for surgery.

The indications for emergency surgery include primary 
free perforation or secondary rupture of an abscess into the 
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peritoneal cavity and massive, uncontrollable hemorrhage. 
Urgent surgical procedures (performed within a few days 
after the diagnosis of a complication) are required for ful-
minant Crohn’s colitis with or without toxic megacolon and 
severe perianal sepsis. Elective procedures (performed within 
weeks after the decision for surgery) are an option for defini-
tive treatment of intra-abdominal abscesses, complete or 
incomplete obstruction of the bowel, or an intractable course 
of disease (including steroid-dependent or steroid-resistance) 
and neoplastic or pre-neoplastic lesions.91

Crohn’s Disease: Maintenance Therapy 
After Medical Induction of Remission

The goal of maintenance therapy is to reduce hospitaliza-
tions, prevent surgery, and improve patients’ quality of life. 
Although often given in clinical practice, randomized con-
trolled trials investigating the use of SSZ2,3 or 5-ASA92 have 
not demonstrated significant maintenance benefits in CD. 
In particular, 5-ASA (at a dose of 4 g daily) has not been 
efficacious in preventing relapse after corticosteroid-induced 
remissions.93 Immunomodulators, including AZA, 6-MP, 
and MTX, as well as anti-TNF agents and natalizumab may 
be effective maintenance agents, particularly among those 
patients who have initially responded to these agents.

Postoperative Reoccurrence of Crohn’s 
Disease and Prophylaxis

Factors associated with an increased risk of early postop-
erative recurrence include smoking, absence of prophylac-
tic postoperative therapy and extent of disease greater than 
100 cm.94 Many patients with long-standing strictures have 
a relatively good postoperative prognosis, whereas patients 
with rapid progression of perforating complications and 
smokers have a worse prognosis.

Despite multiple studies, the best postoperative prophylac-
tic therapy remains uncertain. 5-ASA and, to a lesser extent, 
SSZ are often used in clinical practice to prevent postopera-
tive reoccurrence of CD because of their well-known safety 
profile. SSZ has not been statistically superior to placebo in 
preventing postoperative relapse.95 A meta-analysis of 15 
randomized controlled studies of 5-ASA as a maintenance 
medication in CD found a modest pooled risk reduction of 
13% for those patients with surgically induced remissions.96 
Some authors believe that 5-ASA may be more effective in 
preventing postoperative recurrence in patients with isolated 
small bowel disease.97

Data supporting the use of AZA and 6-MP for prevention 
of postoperative recurrence are limited; however, the data 
suggest possible efficacy.98–100 Preliminary reports propose 
that infliximab may be used as a postoperative prophylactic 

agent.101 It has been shown to prevent postoperative clinical 
and endoscopic recurrence after ileocecal resection.102

Imidazole antibiotics, including metronidazole, decrease 
short-term, but not long-term endoscopic recurrence and 
are limited by side effects.103 Corticosteroids do not prevent 
postoperative relapse. At the moment, there is insufficient 
evidence to support the use of probiotics in preventing post-
operative recurrence of CD. Overall, there are no consistent 
recommendations regarding medical therapy after surgical 
resection for Crohn’s disease.

Perianal Crohn’s Disease

Perianal disease may precede the onset of bowel symptoms in 
CD. Perianal complications include skin tags, anal fissures, 
fistulas, abscesses, and anal stenosis. The most common acute 
complication is a fistula-related abscess. An abscess requires 
surgical drainage with or without the placement of setons.

Perianal fistulae occur in up to 43% of patients.104 Treat-
ment often combines medication and surgery. Medications 
commonly used for the treatment of perianal fistulae include 
antibiotics, immunomodulators, and anti-TNF agents. There 
is no role for the use of 5-ASA or corticosteroids in the treat-
ment of perianal fistulas.

Perianal fistulae typically respond to metronidazole 
alone105–107 or in combination with ciprofloxacin; however, 
continuous therapy may be necessary to prevent recurrent  
drainage. Simple, superficial fistulae may respond  completely 
to fistulotomy and antibiotics. However, patients with com-
plex fistulae may respond best to combined  medical/surgical 
approaches. Some patients may require chronic maintenance 
therapy with AZA or 6-MP. MTX has not been prospectively 
evaluated in perianal fistulizing CD, but several uncontrolled 
studies suggest a possible benefit.108 Two pivotal studies 
have demonstrated that infliximab is effective at acutely 
closing fistula45 and maintaining closure with maintenance 
dosing.50

Ulcerative Colitis: Medical Management

Ulcerative colitis is a chronic inflammatory condition that 
results in ulceration of the mucosal lining of the large intes-
tine. Inflammation is diffuse and continuous, and uniformly 
affects the rectum but may extend proximally to involve 
part or all of the large intestine. Common symptoms of 
UC include frequent bloody bowel movements, diarrhea, 
urgency, and tenesmus.

Proctitis

Proctitis refers to inflammation of the rectum. This area 
can be effectively treated with topical therapies such as 
enemas or suppositories. Oral agents can also be effective 



47128. IBD: Medical Management

if patients fail, cannot tolerate, or refuse topical therapies. 
Topical  formulations of 5-ASA are considered first-line 
therapy for the treatment of proctitis. These agents are con-
sidered more effective than rectal steroids and have been 
shown to be more effective than oral 5-ASA.109 Supposito-
ries are preferred over enemas because they are more easily 
administered and are more viscous than enemas so leakage 
is less. Canasa (1.0–1.5 g daily) in the evening or in divided 
doses is highly effective for proctitis up to 20 cm.109 The pro-
portion of patients achieving remission increases with the 
duration of treatment and is not dose dependent. Response 
is usually seen within 2–3 weeks with increased response 
rates (63–79%) at 4–6 weeks.110 For patients not responding 
to rectal 5-ASA alone, combination treatment with topical 
corticosteroids (foam or enema) is better than either therapy 
alone.111 As an alternative, oral 5-ASA can be used with topi-
cal therapy for active proctitis.109,112

Distal Ulcerative Colitis

Patients with distal colitis can be treated with topical 5-ASA 
(suppositories, enemas) topical corticosteroids (supposito-
ries, enemas), oral 5-ASA, or a combination of these agents. 
Rectal therapies may have a more rapid effect than oral 
 therapies.110 Rectal 5-ASA is considered superior to rectal 
corticosteroids for inducing remission,113 however, combina-
tion therapy with a topical corticosteroid may be more effec-
tive than monotherapy.3,111 Therapy with a combination of 
oral and rectal 5-ASA achieves higher remission rates than 
either therapy alone.112 Remission rates for topical therapy 
increase with duration of treatment (63–72% after 4 weeks) 
and are independent of dose. There are no advantages to pre-
scribing doses greater than 1 g daily of a topical 5-ASA.110

A small proportion of patients have a hypersensitivity 
to 5-ASA either given orally or rectally. It may present as 
worsening of rectal bleeding and urgency usually within 3–5 
days of administration. 5-ASA should be discontinued and 
improvement should be seen within 72 h. Treatment with a 
topical corticosteroid is usually effective in achieving remis-
sion in this group.

Extensive Ulcerative Colitis

Extensive UC refers to inflammation which extends proximal 
to the splenic flexure and requires systemic medications. Sup-
plementary topical medications are often beneficial to treat 
prominent rectal symptoms of urgency or tenesmus. Activity 
is defined as mild to moderate, moderate to severe, or severe 
to fulminant. Treatment is based on clinical activity.

Mild-to-Moderate Extensive Ulcerative Colitis

Signs and symptoms of mild disease include <4 stools daily 
with or without blood, no systemic signs of toxicity and 
normal erythrocyte sedimentation rate (ESR). Patients with 

moderate disease will experience somewhat more serious 
symptoms but are not yet considered to have severe UC by 
virtue of toxic features. Inflammation extends proximal to 
the splenic flexure and beyond the reach of topical therapy. 
Oral therapy is required for extensive disease.

Sulfasalazine and 5-Aminosalicylates

SSZ and oral 5-ASA are considered first-line agents for 
induction of remission in mild to moderate UC. The efficacy 
of SSZ has been well-established.2 SSZ achieves remission 
in 64–80% of patients at doses of 2–6 g daily.2 There is a 
dose–response for SSZ; the higher the doses the higher the 
rate of remission. However, 30–40% of patients are unable 
to tolerate increased doses due to systemic absorption of the 
sulfapyridine component.114

Clinical response can be achieved in up to 84% of patients 
taking a 5-ASA.115 All formulations of 5-ASA work topi-
cally and have similar pharmacokinetic profiles. The dose of 
5-ASA should be increased in patients who do not begin to 
improve within 2 weeks of starting therapy. Combining oral 
5-ASA with topical 5-ASA preparations has been shown to 
be well tolerated and more efficacious in patients with exten-
sive UC.116

Corticosteroids

Patients who do not respond to optimal doses of oral 5-ASA 
can be given an oral corticosteroid. Oral corticosteroids 
successfully induce remission in the majority of patients. 
Doses of prednisone 20–60 mg/day are often used, but doses 
greater than 60 mg/day have no additional benefit. There is 
no difference between once-daily and divided dosing. Once 
remission is achieved prednisone is tapered by 5–10 mg 
weekly until 15–20 mg then taper by 2.5–5 mg weekly while 
attempting to maintain remission with a 5-ASA. Budesonide 
is released in the distal ileum and proximal colon limiting 
its effectiveness in UC. Topical corticosteroids in addition 
to oral and/or rectal 5-ASA may be beneficial for relieving 
rectal symptoms associated with extensive UC.

Severe and Fulminant Extensive  
Ulcerative Colitis

Severe disease is defined as ³6 bloody stools daily, abdomi-
nal tenderness with signs of systemic toxicity including fever 
(>37.5°C), tachycardia (>90 bpm), anemia (<75% of normal 
value), and increased ESR (>30 mm/h).117 Fulminant disease 
is defined as >10 bloody stools per day, anemia requiring a 
transfusion, signs of systemic toxicity, abdominal distention 
and tenderness, fever and leukocytosis.

Intravenous Corticosteroids

Approximately 60% of patients with severe/fulminant coli-
tis treated with IV corticosteroids respond fully.117 Doses of 
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hydrocortisone 100 mg IV three times daily or methylpred-
nisolone 60 mg IV daily are used to induce remission. Con-
tinuous infusion of corticosteroids is not more efficacious 
than bolus dosing. Patients who fail to improve within 3–7 
days (depending on severity of illness) should be considered 
for colectomy or rescue therapy with CSA or infliximab.

Azathioprine/6-Mercaptopurine

In patients with persistently active, steroid-dependent, or 
steroid-refractory UC, immunomodulators (AZA or 6-MP) 
should be considered.118–120 AZA or 6-MP can induce a clini-
cal remission or response in 30–50% of patients, improve 
overall symptoms, and allow the dose of steroids to be 
reduced or discontinued.119,120 Induction of remission may 
take as long as 3–4 months to achieve. Doses of 2.5 mg/kg 
for AZA and 1.5 mg/kg for 6-MP are often used. Infliximab 
is an alternative agent for refractory disease.

Cyclosporine

Intravenous CSA is used as rescue therapy for severe cor-
ticosteroid-refractory UC. Patients failing to respond to 7 
days of IV corticosteroids may benefit from IV CSA. Several 
studies report response rates between 70 and 80% in patients 
with this type of UC.121–123

CSA is initiated as a continuous infusion while continu-
ing IV corticosteroids. Doses of 2–4 mg/kg daily are used 
clinically. General improvement is seen within 4–5 days of 
initiating treatment. If a response is noted the patient is tran-
sitioned to oral CSA 5 mg/kg/day divided BID and AZA is 
usually started as maintenance therapy. If no improvement 
is noted within 7 days or the condition deteriorates during 
treatment with CSA surgery should be considered. CSA is 
discontinued generally after 3–4 months if treatment proves 
effective.

Symptoms of CSA toxicity include infection, paresthe-
sia, nausea, tremors, headache hypertension, and permanent 
or temporary renal toxicity. Patients who are noncompli-
ant, have a history of uncontrolled seizures or active infec-
tion should not receive CSA. Patients with low cholesterol 
(serum cholesterol < 120 mg/dl) and low serum magnesium 
levels (serum magnesium < 1.5 mg/dl) are at increased risk 
of seizures. CSA is contraindicated in patients with multiple 
organ dysfunction.

Tacrolimus

One randomized controlled trial and multiple open-label 
trials of tacrolimus for the treatment of refractory UC have 
reported favorable results.85,124,125 In the randomized controlled 
trial, patients with refractory active UC were assigned to one 
of three groups: (1) high trough concentration (10–15 ng/ml), 
(2) low trough concentration (5–10 ng/ml), or (3) placebo 
group (n = 20). Initially, each patient was prescribed a dose of 
0.05 mg/kg tacrolimus or placebo twice daily. Improvement 

was seen in 68.4% of cases in the high trough group compared 
with 10.0% in the placebo group (p < 0.001). In the high trough 
group, 20.0% of patients had clinical remission and 78.9% 
had mucosal healing. Tacrolimus was shown to be a steroid 
sparring agent during the open-label portion of the study. The 
mean dose of prednisolone was reduced from 19.7 to 7.8 mg/
day at week 10. The incidence of side effects was significantly 
increased in the high trough group compared to the placebo 
group. The most common event was mild finger tremor. The 
optimal target range appears to be 10–15 ng/ml in terms of 
efficacy with 2-week therapy.125

Infliximab

Infliximab is the only anti-TNF agent approved for use in 
UC. It has been shown to successfully induce and maintain 
remission in patients with moderate to severe and corticos-
teroid-dependent UC.126 In ACT 1 and ACT 2, a clinical 
response was seen in ³60% of patients receiving infliximab 
compared to ~30% of patients in the placebo group. In those 
same studies clinical remission was achieved in ³30% of 
patients assigned to infliximab as compared to only 14.9% 
receiving placebo.126 Infliximab is also used as a steroid 
sparing agent in patients with corticosteroid dependent or 
refractory UC. Infliximab appears to decrease the rate of 
colectomy at 3 months and 1 year.117,127

Ulcerative Colitis: Maintenance Therapy 
After Medical Induction of Remission

Remission is achieved when diarrhea, tenesmus, bleeding, 
urgency, and passage of mucopus have resolved. Rectal and 
oral 5-ASA are effective for maintaining remission of dis-
tal UC and proctitis128 even when used on an intermittent 
basis.129 Up to 90% of patients with extensive colitis can 
be maintained in remission using oral once-daily 5-ASA 
therapy.130,131 AZA and 6-MP are useful as corticosteroid 
sparing agents,132 for maintaining remission133 in patients 
not adequately controlled by 5-ASA alone, and for maintain-
ing CSA-induced remission.134 Maintenance benefits have 
been shown for up to 2 years135 but endure much longer for 
most patients. Infliximab was able to maintain remission in 
patients with UC for up to 54 weeks in a large randomized 
controlled trial.126 The role of MTX in the treatment of UC 
is still controversial.

Indications for Surgery in Ulcerative  
Colitis

The goal of medical therapy has been to reduce the need 
for colectomy while avoiding fatal complications. Between 
20 and 30% of UC patients will eventually require sur-
gery. Indications for emergency surgery include massive 
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 hemorrhage, toxic megacolon, perforation and severe colitis 
unresponsive to medical therapy. Elective surgery may be 
performed for cancer/dysplasia, failure of therapy, adverse 
events resulting from medial therapy, malnutrition, growth 
retardation in children and control of certain extraintestinal 
manifestations.117

Preoperative Treatment Effect  
on Postsurgical Complications

Many patients with inflammatory bowel disease will require 
surgery during the course of their disease. For most patients 
requiring surgery, medical options have been exhausted. Pre-
operative treatment with corticosteroids, immunomodulators 
and biologic agents raises concerns about potential postop-
erative complications.

Studies have shown that corticosteroid use prior to sur-
gery increases the risk of postoperative infectious compli-
cations.136–138 Patients taking corticosteroids preoperatively 
may have double the risk of infectious complications com-
pared to those not taking corticosteroids.139 A meta-anal-
ysis was performed to estimate the risk of postoperative 
 complications (infectious and noninfectious) in patients 
receiving corticosteroids prior to abdominal surgery. Patient 
taking  corticosteroids preoperatively were more likely to 
experience postoperative complications including infections 
(all postoperative complications OR 1.41, 95% CI 1.07–
1.87, infectious complications OR 1.68, 95% CI 1.24–2.28). 
Patients taking >40 mg had a considerably higher risk of 
developing postoperative complications (OR 2.04, 95% CI 
0.28–3.26).140 The risk of postoperative infections may be 
related to corticosteroid doses >10 mg/day and duration of 
treatment >1 month.138,141

Although the data are limited, most studies have shown 
that treatment with AZA or 6-MP prior to surgery is not a 
risk factor for postoperative complications.136,137,142 The effect 
of preoperative infliximab on postsurgical complications is 
controversial. Two retrospective studies in patients with CD 
suggest that infliximab infused within 8–12 weeks before 
abdominal surgery is not associated with an increased rate 
of postoperative complications.142,143 In contrast, analysis of 
a third retrospective series found that infliximab use within 
3 months prior to surgery is associated with increased rates 
of postoperative sepsis, abscess, and hospital readmission in 
patients with CD.144

The data regarding postsurgical complications in UC 
patients receiving infliximab prior to surgery are limited. A 
retrospective review was conducted in patients with chronic 
UC treated with and without infliximab before IPAA to 
compare postoperative complications. Infliximab use prior 
to surgery was shown to be associated with an increased risk 
of pouch failure and infectious complications related to the 
pouch. The authors suggest that the pouch should be con-
structed as a three-stage procedure in this population.145

Pouchitis

Pouchitis is the most common long-term complication of 
ileal-pouch anal anastomosis (IPAA) for UC. Most often 
patients respond to 2 weeks of ciprofloxacin at 500 mg twice 
daily or metronidazole 750–1,200 mg/day.146 Over 60% of 
those patients, however, will go on to develop a second epi-
sode and approximately 20% of patients will have refrac-
tory or relapsing symptoms.147,148 These patients require a 
prolonged course of the same antibiotic or with a combined 
antibiotic regimen. If patients relapse at least three times 
within 1 year, chronic maintenance therapy with lower doses 
of antibiotics is recommended.147,148

Approximately 20% of patients develop chronic refractory 
pouchitis.147 Longer courses of antibiotics are required for 
these patients and each new antibiotic should be tried for at 
least 1 month prior to making any changes. Combination anti-
biotic therapy may be the most effective.149 Rifaximin alone 
or in combination with ciprofloxacin is an effective treatment 
for patients with active chronic, refractory pouchitis.149–151

Budesonide and infliximab may be used as alternative 
treatments.152,153 Maintenance with VSL #3, a probiotic, is an 
option.154 Patients who are refractory to all forms of medical 
treatment should be referred to a surgeon for a pouch revi-
sion or excision.

Irritable Pouch Syndrome

Irritable pouch syndrome (IPS) is often misdiagnosed as pouchi-
tis because of its similar presentation. The major differentiating 
factor between IPS and pouchitis is that with pouchitis, mucosal 
inflammation is evident.147 Treatment with anti-diarrheals such 
as diphenoxylate and loperamide, or anti-spasmodics, such as 
dicyclomine and hyoscyamine, may help to control symptoms.

Crohn’s Disease of the Pouch

CD of the pouch is one of the most common long-term 
inflammatory complications of IPAA and one of the leading 
causes of pouch failure. It can occur weeks to years after an 
IPAA for UC. CD of the pouch may be treated with topical 
and oral 5-ASA, oral or topical corticosteroids, antibiotics, 
and immunomodulators. In patients whose disease is refrac-
tory to these agents, particularly when they have concurrent 
extraintestinal symptoms, biological agents such as inflix-
imab and adalimumab can be used.155,156

Conclusion

Treating patients with IBD poses a significant challenge. Often 
it is a balancing act between controlling symptoms, improv-
ing quality of life, and minimizing complications of disease 
and treatment. Aminosalicylates are first-line agents for the 
treatment of mild to moderate disease and for maintaining 
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remission; however, in the case of CD, evidence of efficacy 
is sparse. Antibiotics are somewhat effective in colonic CD 
but are not considered useful as treatment for UC, although 
efficacious for the treatment of pouchitis. Corticosteroids 
are effective for inducing remission in more severe disease 
but are associated with multiple side effects. Corticosteroids 
are not recommended as maintenance therapy. The immu-
nomodulators, AZA, 6-MP, and MTX, are best employed 
as maintenance agents and, in the case of AZA and 6-MP, 
require approximately 3–4 months to be effective.

Recently, biologic agents have become the focus for treat-
ment of moderate to severe CD. These agents are effective 
for inducing and maintaining remission and healing fistulas, 
as steroid sparing agents, and for the treatment of certain 
extraintestinal manifestations. Infliximab is the only anti-
TNF agent approved for use in UC, thus far.

Acknowledgments. This chapter was written by Stephen 
B. Hanauer, Wee-Chian Lim, and Miles Sparrow in the 
 previous version of this textbook. The author wishes to thank 
Stacey Grabert, Pharm.D., MS, for editorial assistance in 
preparing this manuscript.

References

 1. Torres MI, Rios A. Current view of the immunopathogenesis 
in inflammatory bowel disease and its implications for ther-
apy. World J Gastroenterol. 2008;14(13):1972–80.

 2. Summers RW, Switz DM, Sessions Jr JT, et al. National Coop-
erative Crohn’s Disease Study: results of drug treatment. Gas-
troenterology. 1979;77(4 Pt 2):847–69.

 3. Malchow H, Ewe K, Brandes JW, et al. European Cooperative 
Crohn’s Disease Study (ECCDS): results of drug treatment. 
Gastroenterology. 1984;86(2):249–66.

 4. Van Hees PA, Van Lier HJ, Van Elteren PH, et al. Effect of 
sulphasalazine in patients with active Crohn’s disease: a con-
trolled double-blind study. Gut. 1981;22(5):404–9.

 5. Anthonisen P, Barany F, Folkenborg O, et al. The clinical 
effect of salazosulphapyridine (Salazopyrin r) in Crohn’s dis-
ease. A controlled double-blind study. Scand J Gastroenterol. 
1974;9(6):549–54.

 6. Feagan BG. Aminosalicylates for active disease and in the 
maintenance of remission in Crohn’s disease. Eur J Surg. 
1998;164(12):903–9.

 7. Das KM, Eastwood MA, McManus JP, Sircus W. Adverse 
reactions during salicylazosulfapyridine therapy and the rela-
tion with drug metabolism and acetylator phenotype. N Engl J 
Med. 1973;289(10):491–5.

 8. Sutherland L, Singleton J, Sessions J, et al. Double blind, pla-
cebo controlled trial of metronidazole in Crohn’s disease. Gut. 
1991;32(9):1071–5.

 9. Ursing B, Alm T, Barany F, et al. A comparative study of met-
ronidazole and sulfasalazine for active Crohn’s disease: the 
cooperative Crohn’s disease study in Sweden. II. Result. Gas-
troenterology. 1982;83(3):550–62.

 10. Greenbloom SL, Steinhart AH, Greenberg GR. Combination 
ciprofloxacin and metronidazole for active Crohn’s disease. 
Can J Gastroenterol. 1998;12(1):53–6.

 11. Steinhart AH, Feagan BG, Wong CJ, et al. Combined budes-
onide and antibiotic therapy for active Crohn’s disease: a 
randomized controlled trial. Gastroenterology. 2002;123(1): 
33–40.

 12. Colombel JF, Lemann M, Cassagnou M, et al. A controlled 
trial comparing ciprofloxacin with mesalazine for the treat-
ment of active Crohn’s disease. Groupe d’Etudes Therapeu-
tiques des Affections Inflammatoires Digestives (GETAID). 
Am J Gastroenterol. 1999;94(3):674–8.

 13. Prantera C, Zannoni F, Scribano ML, et al. An antibiotic regi-
men for the treatment of active Crohn’s disease: a randomized, 
controlled clinical trial of metronidazole plus ciprofloxacin. 
Am J Gastroenterol. 1996;91(2):328–32.

 14. Shafran I, Johnson LK. An open-label evaluation of rifaxi-
min in the treatment of active Crohn’s disease. Curr Med Res 
Opin. 2005;21(8):1165–9.

 15. Otley A, Steinhart AH. Budesonide for induction of remis-
sion in Crohn’s disease. Cochrane Database Syst Rev. 
2005;4:CD000296.

 16. Greenberg GR, Feagan BG, Martin F, et al. Oral budesonide 
for active Crohn’s disease. Canadian Inflammatory Bowel 
Disease Study Group. N Engl J Med. 1994;331(13):836–41.

 17. Tremaine WJ, Hanauer SB, Katz S, et al. Budesonide CIR 
capsules (once or twice daily divided-dose) in active Crohn’s 
disease: a randomized placebo-controlled study in the United 
States. Am J Gastroenterol. 2002;97(7):1748–54.

 18. Thomsen OO, Cortot A, Jewell D, et al. A comparison of 
budesonide and mesalamine for active Crohn’s disease. Inter-
national Budesonide-Mesalamine Study Group. N Engl J 
Med. 1998;339(6):370–4.

 19. Gross V, Andus T, Caesar I, et al. Oral pH-modified release 
budesonide versus 6-methylprednisolone in active Crohn’s 
disease. German/Austrian Budesonide Study Group. Eur J 
Gastroenterol Hepatol. 1996;8(9):905–9.

 20. Rutgeerts P, Lofberg R, Malchow H, et al. A comparison of 
budesonide with prednisolone for active Crohn’s disease. 
N Engl J Med. 1994;331(13):842–5.

 21. Bar-Meir S, Chowers Y, Lavy A, et al. Budesonide ver-
sus prednisone in the treatment of active Crohn’s disease. 
The Israeli Budesonide Study Group. Gastroenterology. 
1998;115(4):835–40.

 22. Campieri M, Ferguson A, Doe W, Persson T, Nilsson LG. 
Oral budesonide is as effective as oral prednisolone in active 
Crohn’s disease. The Global Budesonide Study Group. Gut. 
1997;41(2):209–14.

 23. Greenberg GR, Feagan BG, Martin F, et al. Oral budesonide 
as maintenance treatment for Crohn’s disease: a placebo-
controlled, dose-ranging study. Canadian Inflammatory Bowel 
Disease Study Group. Gastroenterology. 1996;110(1):45–51.

 24. Ferguson A, Campieri M, Doe W, Persson T, Nygard G. Oral 
budesonide as maintenance therapy in Crohn’s disease – 
results of a 12-month study. Global Budesonide Study Group. 
Aliment Pharmacol Ther. 1998;12(2):175–83.

 25. Lofberg R, Rutgeerts P, Malchow H, et al. Budesonide pro-
longs time to relapse in ileal and ileocaecal Crohn’s disease. 
A placebo controlled one year study. Gut. 1996;39(1):82–6.



47528. IBD: Medical Management

 26. Hanauer S, Sandborn WJ, Persson A, Persson T. Budesonide as 
maintenance treatment in Crohn’s disease: a placebo-controlled 
trial. Aliment Pharmacol Ther. 2005;21(4):363–71.

 27. Simms L, Steinhart AH. Budesonide for maintenance of 
remission in Crohn’s disease. Cochrane Database Syst Rev. 
2001;1:CD002913.

 28. Faubion Jr WA, Loftus Jr EV, Harmsen WS, Zinsmeister AR, 
Sandborn WJ. The natural history of corticosteroid therapy for 
inflammatory bowel disease: a population-based study. Gas-
troenterology. 2001;121(2):255–60.

 29. Munkholm P, Langholz E, Davidsen M, Binder V. Frequency 
of glucocorticoid resistance and dependency in Crohn’s dis-
ease. Gut. 1994;35(3):360–2.

 30. Franchimont DP, Louis E, Croes F, Belaiche J. Clinical pattern 
of corticosteroid dependent Crohn’s disease. Eur J Gastroen-
terol Hepatol. 1998;10(10):821–5.

 31. Pearson DC, May GR, Fick GH, Sutherland LR. Azathioprine 
and 6-mercaptopurine in Crohn disease. A meta-analysis. Ann 
Intern Med. 1995;123(2):132–42.

 32. Candy S, Wright J, Gerber M, Adams G, Gerig M, Goodman R. 
A controlled double blind study of azathioprine in the manage-
ment of Crohn’s disease. Gut. 1995;37(5):674–8.

 33. Kandiel A, Fraser AG, Korelitz BI, Brensinger C, Lewis JD. 
Increased risk of lymphoma among inflammatory bowel dis-
ease patients treated with azathioprine and 6-mercaptopurine. 
Gut. 2005;54(8):1121–5.

 34. Beaugerie L, Brousse N, Bouvier AM, et al. Lymphoprolifera-
tive disorders in patients receiving thiopurines for inflamma-
tory bowel disease: a prospective observational cohort study. 
Lancet. 2009;374(9701):1617–25.

 35. Aberra FN, Lichtenstein GR. Review article: monitoring of 
immunomodulators in inflammatory bowel disease. Aliment 
Pharmacol Ther. 2005;21(4):307–19.

 36. Hayee BH, Harris AW. Methotrexate for Crohn’s disease: 
experience in a district general hospital. Eur J Gastroenterol 
Hepatol. 2005;17(9):893–8.

 37. Alfadhli AA, McDonald JW, Feagan BG. Methotrexate for 
induction of remission in refractory Crohn’s disease. Cochrane 
Database Syst Rev. 2005;1:CD003459.

 38. Feagan BG, Rochon J, Fedorak RN, et al. Methotrexate for the 
treatment of Crohn’s disease. The North American Crohn’s 
Study Group Investigators. N Engl J Med. 1995;332(5):292–7.

 39. Chong RY, Hanauer SB, Cohen RD. Efficacy of parenteral 
methotrexate in refractory Crohn’s disease. Aliment Pharma-
col Ther. 2001;15(1):35–44.

 40. Lemann M, Chamiot-Prieur C, Mesnard B, et al. Methotrex-
ate for the treatment of refractory Crohn’s disease. Aliment 
Pharmacol Ther. 1996;10(3):309–14.

 41. Lemann M, Zenjari T, Bouhnik Y, et al. Methotrexate in 
Crohn’s disease: long-term efficacy and toxicity. Am J Gas-
troenterol. 2000;95(7):1730–4.

 42. Feagan BG, Fedorak RN, Irvine EJ, et al. A comparison of 
methotrexate with placebo for the maintenance of remission 
in Crohn’s disease. North American Crohn’s Study Group 
Investigators. N Engl J Med. 2000;342(22):1627–32.

 43. Targan SR, Hanauer SB, van Deventer SJ, et al. A short-term 
study of chimeric monoclonal antibody cA2 to tumor necrosis 
factor alpha for Crohn’s disease. Crohn’s Disease cA2 Study 
Group. N Engl J Med. 1997;337(15):1029–35.

 44. Hanauer SB, Feagan BG, Lichtenstein GR, et al. Maintenance 
infliximab for Crohn’s disease: the ACCENT I randomised 
trial. Lancet. 2002;359(9317):1541–9.

 45. Present DH, Rutgeerts P, Targan S, et al. Infliximab for the 
treatment of fistulas in patients with Crohn’s disease. N Engl 
J Med. 1999;340(18):1398–405.

 46. Lichtenstein GR, Yan S, Bala M, Blank M, Sands BE. Inf-
liximab maintenance treatment reduces hospitalizations, 
surgeries, and procedures in fistulizing Crohn’s disease. Gas-
troenterology. 2005;128(4):862–9.

 47. Generini S, Giacomelli R, Fedi R, et al. Infliximab in spon-
dyloarthropathy associated with Crohn’s disease: an open 
study on the efficacy of inducing and maintaining remission 
of musculoskeletal and gut manifestations. Ann Rheum Dis. 
2004;63(12):1664–9.

 48. Brooklyn TN, Dunnill MG, Shetty A, et al. Infliximab for the 
treatment of pyoderma gangrenosum: a randomised, double 
blind, placebo controlled trial. Gut. 2006;55(4):505–9.

 49. Herfarth H, Obermeier F, Andus T, et al. Improvement of 
arthritis and arthralgia after treatment with infliximab (Remi-
cade) in a German prospective, open-label, multicenter trial in 
refractory Crohn’s disease. Am J Gastroenterol. 2002;97(10): 
2688–90.

 50. Sands BE, Anderson FH, Bernstein CN, et al. Infliximab 
maintenance therapy for fistulizing Crohn’s disease. N Engl J 
Med. 2004;350(9):876–85.

 51. Colombel JF, Sandborn WJ, Rutgeerts P, et al. Adalimumab 
for maintenance of clinical response and remission in patients 
with Crohn’s disease: the CHARM trial. Gastroenterology. 
2007;132(1):52–65.

 52. Rutgeerts P, Van Assche G, Vermeire S. Review article: Inf-
liximab therapy for inflammatory bowel disease – seven years 
on. Aliment Pharmacol Ther. 2006;23(4):451–63.

 53. Schroder O, Blumenstein I, Stein J. Combining infliximab with 
methotrexate for the induction and maintenance of remission 
in refractory Crohn’s disease: a controlled pilot study. Eur J 
Gastroenterol Hepatol. 2006;18(1):11–6.

 54. Sandborn WJ, Feagan BG, Stoinov S, et al. Certolizumab 
pegol for the treatment of Crohn’s disease. N Engl J Med. 
2007;357(3):228–38.

 55. Rutgeerts PJ, Mellili LE, Li J, Pollack PF. Adalimumab main-
tains improvement in IBDQ scores over 1 year following the 
initial attainment of remission in patients with moderately 
severely active Crohn’s disease: results of the Classic II study. 
Gastroenterology. 2006;130:A479.

 56. Sandborn WJ, Hanauer S, Loftus Jr EV, et al. An open-label 
study of the human anti-TNF monoclonal antibody adali-
mumab in subjects with prior loss of response or intoler-
ance to infliximab for Crohn’s disease. Am J Gastroenterol. 
2004;99(10):1984–9.

 57. Papadakis KA, Shaye OA, Vasiliauskas EA, et al. Safety and 
efficacy of adalimumab (D2E7) in Crohn’s disease patients 
with an attenuated response to infliximab. Am J Gastroen-
terol. 2005;100(1):75–9.

 58. Hanauer SB, Sandborn WJ, Rutgeerts P, et al. Human anti-
tumor necrosis factor monoclonal antibody (adalimumab) 
in Crohn’s disease: the CLASSIC-I trial. Gastroenterology. 
2006;130(2):323–33. quiz 591.



476 B.E. Sands

 59. Sandborn W, Rutgeerts P, Enns RA, Hanauer SB,  Colombel JF, 
Panaccione R, et al. Adalimumab rapidly induces clinical 
remission and response in patients with moderate to severe 
Crohn’s disease who had secondary failure to infliximab 
therapy: results of the GAIN study. Am J Gastroenterol. 
2006;101(Abstract):S448.

 60. Schreiber S, Rutgeerts P, Fedorak RN, et al. A randomized, 
placebo-controlled trial of certolizumab pegol (CDP870) for 
treatment of Crohn’s disease. Gastroenterology. 2005;129(3): 
807–18.

 61. Schreiber S, Khaliq-Kareemi M, Lawrence I, Hanauer SB, 
McColm J, Bloomfield R, et al. Certolizumab pegol, a human-
ized anti-TNF pegylated FAb fragment is safe and effective in 
the maintenance of response and remission following induc-
tion in active Crohn’s disease: a phase III study (PRECiSE II). 
Gut. 2005;54(Abstract):A82.

 62. Winter TA, Wright J, Ghosh S, Jahnsen J, Innes A, Round P. 
Intravenous CDP870, a PEGylated Fab¢ fragment of a human-
ized antitumour necrosis factor antibody, in patients with 
moderate-to-severe Crohn’s disease: an exploratory study. 
Aliment Pharmacol Ther. 2004;20(11–12):1337–46.

 63. Sandborn W, Feagan BG, Stoinov S, Honiball PJ, Rutgeerts 
P, McColm JA, et al. Certolizumab pegol administered sub-
cutaneously is effective and well tolerated in patients with 
active Crohn’s disease: results from a 26 week, placebo 
controlled phase II study (PRECiSE 1). Gastroenterology. 
2006;130(Abstract):A107.

 64. Rutgeerts P, D’Haens GR, Van Assche GA, et al. Adalimumab 
induces and maintains mucosal healing in patients with mod-
erate to severe ileocolonic Crohn’s disease – first results of the 
EXTEND trial. Program and abstracts from Digestive Disease 
Week, 30 May–4 June 2009, Chicago, IL. Abstract 751e.

 65. Colombel JF, Schwartz DA, Sandborn WJ, et al. Adalimumab 
for the treatment of fistulas in patients with Crohn’s disease. 
Gut. 2009;58(7):940–8.

 66. Lofberg R, Louis E, Reinisch W, et al. Adalimumab induces 
sustained fistula healing in both anti-TNF-Naïve and anti-
TNF-experienced patients with Crohn’s disease: The Care 
Trial. Program and abstracts from Digestive Disease Week, 30 
May–4 June 2009, Chicago, IL. Abstract S1144.

 67. Schreiber S, Khaliq-Kareemi M, Lawrance IC, et al. Mainte-
nance therapy with certolizumab pegol for Crohn’s disease. 
N Engl J Med. 2007;357(3):239–50.

 68. D’Haens G, Baert F, van Assche G, et al. Early combined 
immunosuppression or conventional management in patients 
with newly diagnosed Crohn’s disease: an open randomised 
trial. Lancet. 2008;371(9613):660–7.

 69. Sandborn W, Rutgeerts P, Reinisch W, et al. SONIC: A ran-
domized double-blind, controlled trial comparing infliximab 
and infliximab and azathioprine to azathioprine in patients 
with Crohn’s disease naive to immunomodulators and biologic 
therapy. Am J Gastroenterol. 2008;103:1117. Abstract 29.

 70. Schreiber S, Reinisch W, Colombel JF, Sandborn WJ, Hom-
mes DW, Li J, et al. Early Crohn’s disease shows high lev-
els of remission to therapy with adalimumab: sub-analysis of 
Charm. Gastroenterology. 2007;132(4 Suppl 2):A-147.

 71. Panaccione RCJ, Enns R, Feagan B, Hanauer S, Lawrence I, 
Rutgeerts P, et al. Natalizumab maintains remission in patients 
with moderately to severely active Crohn’s disease for up to 
2 years: results from an open-label extension study. Gastroen-
terology. 2006;130(Abstract):A111.

 72. Ghosh S, Goldin E, Gordon FH, et al. Natalizumab for active 
Crohn’s disease. N Engl J Med. 2003;348(1):24–32.

 73. Sandborn WJ, Colombel JF, Enns R, et al. Natalizumab induc-
tion and maintenance therapy for Crohn’s disease. N Engl J 
Med. 2005;353(18):1912–25.

 74. Targan S, Feagan B, Fedorak R, Lashner B, Panacionne R, Pres-
ent D, et al. Natalizumab induces sustained response and remis-
sion in patients with active Crohn’s disease: results from the 
ENCORE trial. Gastroenterology. 2006;130(Abstract):A108.

 75. Baert F, Noman M, Vermeire S, et al. Influence of immuno-
genicity on the long-term efficacy of infliximab in Crohn’s 
disease. N Engl J Med. 2003;348(7):601–8.

 76. Afif W, Loftus EV Jr, Faubion W et al. Clinical utility of 
measuring infliximab and human anti-chimeric antibody 
 concentrations in patients with inflammatory bowel  disease. 
Am J Gastroenterol. 2010;105(5):1133–9.

 77. Sandborn WJ, Rutgeerts P, Enns R, et al. Adalimumab induction 
therapy for Crohn disease previously treated with infliximab: 
a randomized trial. Ann Intern Med. 2007;146(12):829–38.

 78. Hanauer SB, Wagner CL, Bala M, et al. Incidence and impor-
tance of antibody responses to infliximab after maintenance 
or episodic treatment in Crohn’s disease. Clin Gastroenterol 
Hepatol. 2004;2(7):542–53.

 79. FDA Consumer Resources Page. Food and Drug Administra-
tion Web site. http://www.fda.gov/Forconsumers/Consumer-
sUpdates/ucm107878.htm (2008). Accessed 12 Nov 2009.

 80. Clark M, Colombel JF, Feagan BC, et al. American gastroenter-
ological association consensus development conference on the 
use of biologics in the treatment of inflammatory bowel disease, 
June 21–23, 2006. Gastroenterology. 2007;133(1):312–39.

 81. Siegel CA, Marden SM, Persing SM, Larson RJ, Sands BE. 
Risk of lymphoma associated with combination anti-tumor 
necrosis factor and immunomodulator therapy for the treat-
ment of Crohn’s disease: a meta-analysis. Clin Gastroenterol 
Hepatol. 2009;7(8):874–81.

 82. Yousry TA, Major EO, Ryschkewitsch C, et al. Evaluation of 
patients treated with natalizumab for progressive multifocal 
leukoencephalopathy. N Engl J Med. 2006;354(9):924–33.

 83. FDA Drug Safety Page. Food and Drug Administration Web 
site. http://www.fda.gov/Drugs/DrugSafety/DrugSafetyNews-
letter/ucm120064.htm (2008). Accessed 15 Nov 2009.

 84. van Dieren JM, Kuipers EJ, Samsom JN, Nieuwenhuis EE, 
van der Woude CJ. Revisiting the immunomodulators tacroli-
mus, methotrexate, and mycophenolate mofetil: their mecha-
nisms of action and role in the treatment of IBD. Inflamm 
Bowel Dis. 2006;12(4):311–27.

 85. Baumgart DC, Wiedenmann B, Dignass AU. Rescue therapy 
with tacrolimus is effective in patients with severe and refrac-
tory inflammatory bowel disease. Aliment Pharmacol Ther. 
2003;17(10):1273–81.

 86. Ierardi E, Principi M, Francavilla R, et al. Oral tacrolimus 
long-term therapy in patients with Crohn’s disease and steroid 
resistance. Aliment Pharmacol Ther. 2001;15(3):371–7.

 87. Lowry PW, Weaver AL, Tremaine WJ, Sandborn WJ. Combi-
nation therapy with oral tacrolimus (FK506) and azathioprine 
or 6-mercaptopurine for treatment-refractory Crohn’s disease 
perianal fistulae. Inflamm Bowel Dis. 1999;5(4):239–45.

 88. Sandborn WJ, Present DH, Isaacs KL, et al. Tacrolimus for 
the treatment of fistulas in patients with Crohn’s disease: 
a randomized, placebo-controlled trial. Gastroenterology. 
2003;125(2):380–8.



47728. IBD: Medical Management

 89. de Oca J, Vilar L, Castellote J, et al. Immunodulation with 
tacrolimus (FK506): results of a prospective, open-label, non-
controlled trial in patients with inflammatory bowel disease. 
Rev Esp Enferm Dig. 2003;95(7):465–70. 459–64.

 90. Casson DH, Eltumi M, Tomlin S, Walker-Smith JA, Murch 
SH. Topical tacrolimus may be effective in the treatment of 
oral and perineal Crohn’s disease. Gut. 2000;47(3):436–40.

 91. Lukas M. What is the time for surgery in severe Crohn’s dis-
ease? Inflamm Bowel Dis. 2008;14:S271–2.

 92. Akobeng AK, Gardener E. Oral 5-aminosalicylic acid for 
maintenance of medically-induced remission in Crohn’s dis-
ease. Cochrane Database Syst Rev. 2005;(1):CD003715.

 93. Modigliani R, Colombel JF, Dupas JL, et al. Mesalamine in 
Crohn’s disease with steroid-induced remission: effect on ste-
roid withdrawal and remission maintenance, Groupe d’Etudes 
Therapeutiques des Affections Inflammatoires Digestives. 
Gastroenterology. 1996;110(3):688–93.

 94. Blum E, Katz JA. Postoperative therapy for Crohn’s disease. 
Inflamm Bowel Dis. 2009;15(3):463–72.

 95. Achkar JP, Hanauer SB. Medical therapy to reduce post-
operative Crohn’s disease recurrence. Am J Gastroenterol. 
2000;95(5):1139–46.

 96. Camma C, Giunta M, Rosselli M, Cottone M. Mesalamine 
in the maintenance treatment of Crohn’s disease: a meta- 
analysis adjusted for confounding variables. Gastroenterology. 
1997;113(5):1465–73.

 97. Lochs H, Mayer M, Fleig WE, et al. Prophylaxis of postop-
erative relapse in Crohn’s disease with mesalamine: European 
Cooperative Crohn’s Disease Study VI. Gastroenterology. 
2000;118(2):264–73.

 98. Hanauer SB, Korelitz BI, Rutgeerts P, et al. Postoperative 
maintenance of Crohn’s disease remission with 6-mercap-
topurine, mesalamine, or placebo: a 2-year trial. Gastroenter-
ology. 2004;127(3):723–9.

 99. Ardizzone S, Maconi G, Russo A, Imbesi V, Colombo E, 
Bianchi Porro G. Randomised controlled trial of azathioprine 
and 5-aminosalicylic acid for treatment of steroid dependent 
ulcerative colitis. Gut. 2006;55(1):47–53.

 100. Ardizzone S, Maconi G, Sampietro GM, et al. Azathio-
prine and mesalamine for prevention of relapse after con-
servative surgery for Crohn’s disease. Gastroenterology. 
2004;127(3):730–40.

 101. Sorrentino D, Terrosu G, Avellini C, Beltrami CA, Bres-
adola V, Toso F. Prevention of postoperative recurrence of 
Crohn’s disease by infliximab. Eur J Gastroenterol Hepatol. 
2006;18(4):457–9.

 102. Regueiro M, Schraut W, Baidoo L, et al. Infliximab prevents 
Crohn’s disease recurrence after ileal resection. Gastroenter-
ology. 2009;136(2):441–50.e1. quiz 716.

 103. Rutgeerts P, Hiele M, Geboes K, et al. Controlled trial of met-
ronidazole treatment for prevention of Crohn’s recurrence 
after ileal resection. Gastroenterology. 1995;108(6):1617–21.

 104. Schwartz DA, Pemberton JH, Sandborn WJ. Diagnosis and 
treatment of perianal fistulas in Crohn disease. Ann Intern 
Med. 2001;135(10):906–18.

 105. Bernstein LH, Frank MS, Brandt LJ, Boley SJ. Healing of 
perineal Crohn’s disease with metronidazole.  Gastroenterology. 
1980;79(2):357–65.

 106. Brandt LJ, Bernstein LH, Boley SJ, Frank MS. Metronidazole 
therapy for perineal Crohn’s disease: a follow-up study. Gas-
troenterology. 1982;83(2):383–7.

 107. Jakobovits J, Schuster MM. Metronidazole therapy for 
Crohn’s disease and associated fistulae. Am J Gastroenterol. 
1984;79(7):533–40.

 108. Mahadevan U, Marion JF, Present DH. Fistula response to 
methotrexate in Crohn’s disease: a case series. Aliment Phar-
macol Ther. 2003;18(10):1003–8.

 109. Gionchetti P, Rizzello F, Venturi A, et al. Comparison of oral 
with rectal mesalazine in the treatment of ulcerative proctitis. 
Dis Colon Rectum. 1998;41(1):93–7.

 110. Cohen RD, Woseth DM, Thisted RA, Hanauer SB. A meta-
analysis and overview of the literature on treatment options 
for left-sided ulcerative colitis and ulcerative proctitis. Am J 
Gastroenterol. 2000;95(5):1263–76.

 111. Mulder CJ, Fockens P, Meijer JW, van der Heide H, Wiltink 
EH, Tytgat GN. Beclomethasone dipropionate (3 mg) versus 
5-aminosalicylic acid (2 g) versus the combination of both 
(3 mg/2 g) as retention enemas in active ulcerative proctitis. 
Eur J Gastroenterol Hepatol. 1996;8(6):549–53.

 112. Safdi M, DeMicco M, Sninsky C, et al. A double-blind com-
parison of oral versus rectal mesalamine versus combination 
therapy in the treatment of distal ulcerative colitis. Am J Gas-
troenterol. 1997;92(10):1867–71.

 113. Lee FI, Jewell DP, Mani V, et al. A randomised trial com-
paring mesalazine and prednisolone foam enemas in patients 
with acute distal ulcerative colitis. Gut. 1996;38(2):229–33.

 114. Nielsen OH. Sulfasalazine intolerance. A retrospective survey 
of the reasons for discontinuing treatment with sulfasalazine 
in patients with chronic inflammatory bowel disease. Scand J 
Gastroenterol. 1982;17(3):389–93.

 115. Sutherland L, Macdonald JK. Oral 5-aminosalicylic acid for 
induction of remission in ulcerative colitis. Cochrane Data-
base Syst Rev. 2006;(2):CD000543.

 116. Marteau P, Probert CS, Lindgren S, et al. Combined oral and 
enema treatment with Pentasa (mesalazine) is superior to oral 
therapy alone in patients with extensive mild/moderate active 
ulcerative colitis: a randomised, double blind, placebo con-
trolled study. Gut. 2005;54(7):960–5.

 117. Sands BE. Fulminant colitis. J Gastrointest Surg. 2008;12(12): 
2157–9.

 118. George J, Present DH, Pou R, Bodian C, Rubin PH. The long-
term outcome of ulcerative colitis treated with 6-mercaptopu-
rine. Am J Gastroenterol. 1996;91(9):1711–4.

 119. Adler DJ, Korelitz BI. The therapeutic efficacy of 6-mercap-
topurine in refractory ulcerative colitis. Am J Gastroenterol. 
1990;85(6):717–22.

 120. Fraser AG, Orchard TR, Jewell DP. The efficacy of azathio-
prine for the treatment of inflammatory bowel disease: a 30 
year review. Gut. 2002;50(4):485–9.

 121. Naftali T, Novis B, Pomeranz I, et al. Cyclosporine for severe 
ulcerative colitis. Isr Med Assoc J. 2000;2(8):588–91.

 122. Lichtiger S, Present DH, Kornbluth A, et al. Cyclosporine in 
severe ulcerative colitis refractory to steroid therapy. N Engl J 
Med. 1994;330(26):1841–5.

 123. Svavoni F, Bonassi U, Bonassi F. Effectiveness of cyclosporine 
in the treatment of refractory ulcerative colitis. Gastroenterol-
ogy. 1998;114:A1096.

 124. Hogenauer C, Wenzl HH, Hinterleitner TA, Petritsch W. 
Effect of oral tacrolimus (FK 506) on steroid-refractory 
moderate/severe ulcerative colitis. Aliment Pharmacol Ther. 
2003;18(4):415–23.



478 B.E. Sands

 125. Ogata H, Matsui T, Nakamura M, et al. A randomised dose 
finding study of oral tacrolimus (FK506) therapy in refractory 
ulcerative colitis. Gut. 2006;55(9):1255–62.

 126. Rutgeerts P, Sandborn WJ, Feagan BG, et al. Infliximab for 
induction and maintenance therapy for ulcerative colitis. 
N Engl J Med. 2005;353(23):2462–76.

 127. Sandborn WJ, Rutgeerts P, Feagan BG, et al. Colectomy rate 
comparison after treatment of ulcerative colitis with placebo 
or infliximab. Gastroenterology. 2009;137(4):1250–60. quiz 
1520.

 128. Hanauer S, Good LI, Goodman MW, et al. Long-term use 
of mesalamine (Rowasa) suppositories in remission mainte-
nance of ulcerative proctitis. Am J Gastroenterol. 2000;95(7): 
1749–54.

 129. Mantzaris GJ, Hatzis A, Petraki K, Spiliadi C, Triantaphyllou 
G. Intermittent therapy with high-dose 5-aminosalicylic acid 
enemas maintains remission in ulcerative proctitis and procto-
sigmoiditis. Dis Colon Rectum. 1994;37(1):58–62.

 130. Dignass A, Veerman H. Once versus twice daily mesalazine 
(Pentasa) for the maintenance of remission in ulcerative coli-
tis: the result from a multinational study. Gut. 2008;57 Suppl 
1:A1.

 131. Kruis W, Gorelov A, Kiudelis G. Once daily dosing of 3g 
mesalamine is therapeutic equivalent to a three times daily 
dosing of 1g mesalamine for the treatment of active ulcerative 
colitis. Gastroenterology. 2007;132:A130.

 132. Ardizzone S, Molteni P, Imbesi V, Bollani S, Bianchi Porro G. 
Azathioprine in steroid-resistant and steroid-dependent ulcer-
ative colitis. J Clin Gastroenterol. 1997;25(1):330–3.

 133. Timmer A, McDonald JW, Macdonald JK. Azathioprine and 
6-mercaptopurine for maintenance of remission in ulcerative 
colitis. Cochrane Database Syst Rev. 2007;(1):CD000478.

 134. Sutherland L, MacDonald JK. Oral 5-aminosalicylic acid for 
induction of remission in ulcerative colitis. Cochrane Data-
base Syst Rev. 2003;(3):CD000543.

 135. Hawthorne AB, Logan RF, Hawkey CJ, et al. Randomised 
controlled trial of azathioprine withdrawal in ulcerative coli-
tis. BMJ. 1992;305(6844):20–2.

 136. Aberra FN, Lewis JD, Hass D, Rombeau JL, Osborne B, Lich-
tenstein GR. Corticosteroids and immunomodulators: postop-
erative infectious complication risk in inflammatory bowel 
disease patients. Gastroenterology. 2003;125(2):320–7.

 137. Mahadevan U, Loftus Jr EV, Tremaine WJ, et al. Azathioprine 
or 6-mercaptopurine before colectomy for ulcerative colitis 
is not associated with increased postoperative complications. 
Inflamm Bowel Dis. 2002;8(5):311–6.

 138. Reding R, Michel LA, Donckier J, de Canniere L, Jamart J. 
Surgery in patients on long-term steroid therapy: a tentative 
model for risk assessment. Br J Surg. 1990;77(10):1175–8.

 139. Stein RB, Hanauer SB. Comparative tolerability of treat-
ments for inflammatory bowel disease. Drug Saf. 2000;23(5): 
429–48.

 140. Subramanian V, Saxena S, Kang JY, Pollok RC. Preoperative 
steroid use and risk of postoperative complications in patients 
with inflammatory bowel disease undergoing abdominal sur-
gery. Am J Gastroenterol. 2008;103(9):2373–81.

 141. Stuck AE, Minder CE, Frey FJ. Risk of infectious complica-
tions in patients taking glucocorticosteroids. Rev Infect Dis. 
1989;11(6):954–63.

 142. Colombel JF, Loftus Jr EV, Tremaine WJ, et al. Early post-
operative complications are not increased in patients with 
Crohn’s disease treated perioperatively with infliximab or 
immunosuppressive therapy. Am J Gastroenterol. 2004;99(5): 
878–83.

 143. Kunitake H, Hodin R, Shellito PC, Sands BE, Korzenik J, Bor-
deianou L. Perioperative treatment with infliximab in patients 
with Crohn’s disease and ulcerative colitis is not associated 
with an increased rate of postoperative complications. J Gas-
trointest Surg. 2008;12(10):1730–6. discussion 1736–7.

 144. Appau KA, Fazio VW, Shen B, et al. Use of infliximab within 
3 months of ileocolonic resection is associated with adverse 
postoperative outcomes in Crohn’s patients. J Gastrointest 
Surg. 2008;12(10):1738–44.

 145. Selvasekar CR, Cima RR, Larson DW, et al. Effect of inf-
liximab on short-term complications in patients undergo-
ing operation for chronic ulcerative colitis. J Am Coll Surg. 
2007;204(5):956–62. discussion 962–3.

 146. Madden MV, McIntyre AS, Nicholls RJ. Double-blind cross-
over trial of metronidazole versus placebo in chronic unremit-
ting pouchitis. Dig Dis Sci. 1994;39(6):1193–6.

 147. Maser EA, Present DH. Pouch-ouch. Curr Opin Gastroenterol. 
2008;24(1):70–4.

 148. Gionchetti P, Rizzello F, Venturi A, et al. Oral bacteriotherapy 
as maintenance treatment in patients with chronic pouchitis: 
a double-blind, placebo-controlled trial. Gastroenterology. 
2000;119(2):305–9.

 149. Gionchetti P, Rizzello F, Venturi A, et al. Antibiotic combi-
nation therapy in patients with chronic, treatment-resistant 
pouchitis. Aliment Pharmacol Ther. 1999;13(6):713–8.

 150. Isaacs KL, Sandler RS, Abreu M, et al. Rifaximin for 
the treatment of active pouchitis: a randomized, double-
blind, placebo-controlled pilot study. Inflamm Bowel Dis. 
2007;13(10):1250–5.

 151. Baidoo L, Kundu R, Su C. Rifaximin is an effective anti-
biotic for the treatment of pouchitis. Gastroenterology. 
2005;128:A797.

 152. Gionchetti P, Rizzello F, Poggioli G, et al. Oral budesonide in 
the treatment of chronic refractory pouchitis. Aliment Phar-
macol Ther. 2007;25(10):1231–6.

 153. Gionchetti P, Morselli C, Rizzello F, et al. Infliximab in the 
treatment of refractory pouchitis. Gastroenterology. 2005; 
128:A578.

 154. Gionchetti P, Rizzello F, Helwig U, et al. Prophylaxis of 
pouchitis onset with probiotic therapy: a double-blind, place-
bo-controlled trial. Gastroenterology. 2003;124(5):1202–9.

 155. Colombel JF, Ricart E, Loftus Jr EV, et al. Management of 
Crohn’s disease of the ileoanal pouch with infliximab. Am J 
Gastroenterol. 2003;98(10):2239–44.

 156. Shen B, Remzi FH, Shen L. Efficacy and safety of adali-
mumab in the treatment of Crohn’s disease of the ileal pouch. 
The annual meeting of the American College of Gastroenter-
ology, Orlando, FL; 2008. Abstract:620.



479D.E. Beck et al. (eds.), The ASCRS Textbook of Colon and Rectal Surgery: Second Edition,
DOI 10.1007/978-1-4419-1584-9_29, © Springer Science+Business Media, LLC 2011

29
Ulcerative Colitis: Surgical Management
Zuri Murrell and Phillip Fleshner

Ulcerative colitis (UC) is a diffuse inflammatory disease of 
the mucosal lining of the colon and rectum that manifests 
clinically as diarrhea, abdominal pain, fever, weight loss, 
and rectal bleeding. Since removal of the affected organ is 
curative, surgery has assumed a pivotal position in the man-
agement of these patients. Although removal of the entire 
colon and rectum with a permanent ileostomy had been the 
standard operation for decades, increased experience with 
anal sphincter preservation has demonstrated the feasibil-
ity of performing surgical procedures which spare sphincter 
function while still removing all disease. This chapter con-
siders the surgical alternatives, decision making, and tech-
niques surrounding these procedures.

Indications for Surgery

Approximately 10% of UC patients will undergo surgery for 
very specific reasons, including: an acute flare unrespon-
sive to medical measures, development of a life-threatening 
complication such as toxic colitis, perforation, or hemor-
rhage, medical intractability, risk of malignancy, disabling 
extracolonic disease, and growth retardation in children. 
During an acute exacerbation of colitis, the patient should 
be aggressively treated with intravenous steroids and bowel 
rest. The role of parenteral hyperalimentation in this situa-
tion is controversial. Encouraging results have been reported 
with the use of either cyclosporine1 or infliximab2 in the 
acute setting, yet long-term effectiveness of these treatment 
modalities remains undefined. While there is no reported 
increase in the incidence of perioperative complications 
after subtotal colectomy in patients treated before surgery 
with cyclosporine,3,4 there is some controversy as to whether 
infliximab increases the perioperative complication rate after 
restorative proctocolectomy as these patients usually have 
more advanced active disease than do the patients who are 
not receiving active infliximab treatment.5,6 The combined 
use of cyclosporine and infliximab is not advised as there 

may be a higher incidence of infectious complications in 
patients who ultimately require colectomy.5

Patients with life-threatening complications are generally 
easy to recognize and define. Nevertheless, these patients 
are frequently taking large doses of steroids and may appear 
deceptively well; consequently, appreciation of the severity 
of the disease and the timing of operation are of paramount 
importance. Medical intractability is the most common indi-
cation for operation and may seem difficult to define. In fact, 
there is probably no strict definition that a physician can uni-
formly apply. It is important to recognize that medical intrac-
tability is a problem that the patient identifies in conjunction 
with the physician. Although a physician may feel that 12 
months of steroids or other immunosuppressive management 
without complete resolution of symptoms is an adequate 
medical trial, the patient must be convinced that surgery is 
indicated. Only the patient can decide that he or she feels 
fatigued, has missed too much work or school, or is unable to 
do things he or she would like to do because of the systemic 
effects of active colitis and/or its medical treatment. If the 
surgeon waits until the patient has arrived at the conclusion 
that the disease is not satisfactorily controlled medically, the 
patient will graciously accept alternatives the surgeon has to 
offer. We feel this is a particularly important strategy for the 
surgeon to employ if the patient is to be satisfied.

Patients with UC are also prone to the development of col-
orectal cancer. The risk of cancer is relatively low for the first 
10 years after disease onset, but then begins to increase so that 
by the time the patients has had the disease for 20 years, the 
cumulative risk of colorectal cancer may be as high as 10%. 
The overall prevalence of colorectal cancer in any UC patient 
is approximately 4%.7 The question of timing of surgery for 
cancer prophylaxis remains undefined. Certainly, surgical 
treatment of carcinoma is mandatory. More controversial, 
however, is the management of patients with dysplasia. Most 
surgeons contend that during a surveillance biopsy program 
identification of dysplasia of any grade by an experienced 
pathologist, especially in the absence of severe inflammation, 
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is an indication for colectomy. The management of patients 
with UC who are found to have a sporadic adenoma (by defi-
nition a dysplastic lesion) is also contentious, as the simul-
taneous discovery of both lesions is not uncommon. If the 
lesion is detected in an area of colonic mucosa unaffected by 
UC, such a lesion may be reliably diagnosed as a sporadic 
adenoma. Alternatively, dysplastic mass lesions detected 
within should be viewed with a high degree of suspicion for 
malignant potential.8

Elective colectomy may be indicated for some categories 
of severe extraintestinal manifestations of the disease. Per-
sistent or recurrent monoarticular arthritis, uveitis, or iritis 
all respond favorably to colectomy. However, primary scle-
rosing cholangitis, ankylosing spondylitis, and sacroilitis are 
not improved by colectomy. The response of pyoderma gan-
grenosum to colectomy is unpredictable.

Growth retardation is a common feature in children with 
UC. Contrary to popular belief, steroid therapy cannot be 
entirely blamed for delayed growth. Inadequate protein 
intake and excess loss in the colon are also contributory.9 
A rapid growth spurt is often observed after definitive surgery.

Emergency Versus Elective Procedures

Operative management of UC largely depends on whether 
the surgery is elective or emergent. Under elective condi-
tions, the four available surgical options are: (1) total procto-
colectomy and Brooke ileostomy, (2) total proctocolectomy 
and continent ileostomy, (3) abdominal colectomy with 
ileorectal anastomosis (IRA), and (4) ileal pouch–anal anas-
tomosis (IPAA). Total proctocolectomy and Brooke ileos-
tomy has been traditionally regarded as the optimal surgical 
approach and remains the operation with which alternative 
procedures should be compared. The technique has been 
well described, and the immediate and late results are very 
satisfactory. Furthermore, patients avoid any risk for cancer, 
steroid medications are eliminated, and physician visits and 
reoperations are kept to a minimum. Although quality-of-
life studies10 have demonstrated excellent results, the loss of 
fecal continence and its attendant physical and psychological 
sequelae continue to be significant drawbacks of the proce-
dure. In addition, problems with nonhealing of the perineal 
wound, and the high incidence of small bowel obstruction 
(SBO) and ileostomy revision, are not to be minimized,

Total proctocolectomy and continent ileostomy couples 
the benefit of complete large bowel excision with a reduction 
in some of the untoward aspects of an ileostomy, since no 
external appliance is needed and the stoma can be placed in a 
less conspicuous position on the abdominal wall. Continent 
ileostomy can be performed at anytime in UC patients hav-
ing previously undergone total proctocolectomy and Brooke 
ileostomy if they find a standard ileostomy unsatisfactory. 
Due to increased surgical experience and improved surgi-
cal techniques, the morbidity associated with the continent 

pouch has decreased since its initial clinical description. 
Most patients are ultimately happy with the results of the 
operation.11 Nonetheless, troublesome complications lead-
ing to incontinence continue to plague the postoperative 
course of a substantial number of patients.11,12 The continent 
ileostomy may also be a viable treatment option in selected 
patients who have failed an IPAA.13

There are many attractive features of total colectomy 
and IRA. The procedure avoids the perineal complications 
of total proctocolectomy, the risk of sexual dysfunction is 
minimal, is technically easy to perform, may provide per-
fect control of feces and flatus, and is well accepted by most 
patients. However, unlike the three other surgical options, 
ileorectostomy does not achieve total excision of colorec-
tal mucosa. Many surgeons have not used this operation for 
patients with UC, arguing that in excess of 25% patients will 
require subsequent rectal excision for persistent proctitis, a 
small percentage of patients will develop cancer in the rectal 
remnant, and only one-half of the patients have satisfactory 
long-term functional results. While we concur that this oper-
ation should not be advised in most patients with UC, IRA 
does have a role in certain clinical situations. For example, 
an elderly patient with a long history of UC who develops a 
transverse colon cancer may be well served with an IRA in 
lieu of total proctocolectomy. An IRA may also be offered 
to females of childbearing age to preserve fertility.14 Deci-
sions must be made on an individualized basis, taking into 
account the compliance of the rectum and the integrity of the 
sphincter mechanism.

Ileal pouch–anal anastomosis has the attractive features 
of complete excision of the colorectal mucosa, avoidance of 
a permanent intestinal stoma, continence via a normal route 
of defecation, and no prospect for a troublesome nonheal-
ing perineal wound. Continence is usually preserved and the 
frequency of defecation is diminished with incorporation of 
a pelvic pouch into the operative procedure. Although the 
operation is associated with minimal mortality, the morbid-
ity of this complex procedure is relatively high, and prob-
lems such as small bowel obstruction and pouchitis continue 
to be a cause for concern.

Under emergent conditions, surgical alternatives are lim-
ited. If the patient is septic, the diseased or perforated bowel 
should be removed. If the colon is bleeding, the colon should 
be removed. Traditionally, it has been taught that the rectum 
should also be removed. However, with currently available 
sphincter-saving alternatives, careful preoperative procto-
scopic evaluation to exclude a rectal etiology for the bleeding 
and a subsequent abdominal colectomy with end ileostomy 
can be safely performed. A subsequent procedure can then 
restore intestinal continuity. Similarly, with toxic colitis, it 
is seldom necessary to perform a proctectomy at the time of 
colectomy. In general, concerns over healing of the perineal 
wound in these frequently malnourished patients receiving 
high-dose steroids should deter surgeons from undertaking 
proctectomy in the emergent setting. Many surgeons have 
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not found it necessary to use the blow-hole technique of 
Turnbull, but this alternative is a philosophically acceptable 
approach in that it does not preclude subsequent continence-
preserving alternatives.

A few technical issues regarding subtotal colectomy in 
these patients must be stressed. Mesenteric dissection in the 
vicinity of the ileocecal valve should be flush with the colon 
in order to preserve ileal branches of the ileocolic artery and 
vein. These branches are necessary to facilitate subsequent 
construction of an ileal pouch. Distally, it is unnecessary 
to mobilize the rectum within the pelvis. In fact, dissec-
tion of the sigmoid to the sacral promontory, without vio-
lation of presacral planes, and a Hartmann procedure are 
recommended. This precaution has shown to decrease the 
incidence of pelvic sepsis and facilitate subsequent pelvic 
surgery. A transanal rectal drain may prevent leakage from 
the diseased Hartmann pouch closure site. Laparoscopic-
assisted or hand-assisted subtotal colectomy is both feasible 
and safe in these patients.15

There is a trend to avoid subjecting patients to multiple 
surgical procedures and to perform a definitive procedure at 
the time of emergent surgery. Although an IPAA can be suc-
cessfully performed in patients undergoing surgery for emer-
gent complications, this approach is generally not safe. These 
patients are usually on high doses of steroids and are nutri-
tionally depleted. Patients with UC receiving high-dose ste-
roids (more than 40 mg/day) have a significantly greater risk 
of developing pouch-related complications after colectomy 
than patients with UC receiving 1–40 mg/day and patients 
with UC who are not receiving corticosteroids.16 From a 
practical standpoint, surgical options are limited in emergent 
situations. Salvage of the patient should be the primary con-
cern. Abdominal colectomy is safe in these very ill, nutrition-
ally depleted patients17 and the procedure does not preclude 
the future of any of the other surgical alternatives. Addition-
ally, the patient is able to live with an ileostomy and assess 
its impact on his or her life, thus allowing for an informed 
decision regarding subsequent continence-restoring surgery.

Brooke Ileostomy

The preoperative period should include effective patient edu-
cation. A patient must be fully informed of the effects of an 
ileostomy on his or her quality of life. An ileostomy visi-
tor, preferably age and sex matched and who has completely 
recovered from surgery, is invaluable during this period. 
Resistance to a permanent ileostomy can be tempered by 
stressing the beneficial aspects of this operation such as cur-
ing the disease. It is also essential, when possible, to select 
the stoma site preoperatively with the help of an enteros-
tomal therapist. As discussed in Chap. 31 the stoma should 
be placed in a flat area away from bony prominences, scars, 
and significant skin creases. Attention to these details will 
ensure a well-functioning ileostomy.

Operative Technique

A colectomy is performed in the standard fashion with the 
patient in a modified lithotomy-Trendelenburg position. 
A minimally invasive approach is often preferred.18 The proc-
tectomy phase of the procedure is remarkable for keeping the 
dissection close to the rectal wall, especially anteriorly in the 
area of Denonvilliers’ fascia. Meticulous dissection to mini-
mize the risk of injury to pelvic autonomic nerves is essential. 
Perineal dissection should be performed in the intersphinc-
teric plane. After the colorectum is removed, a 2-cm circular 
piece of skin is excised at the marked stoma site and a two 
finger-wide aperture is made through the lateral one-third of 
the rectus muscle. It is most important that this opening be of 
correct size to avoid chronic stomal obstruction or parastomal 
hernia. The mesentery of the ileum should be well mobilized 
to allow at least 5–6 cm of the ileum to protrude through 
the abdominal wall defect. The ileum may be anchored to 
the abdominal wall fascia with nonabsorbable sutures to 
prevent retraction of the stoma in the postoperative period. 
These sutures may also help prevent parastomal herniation, 
but there is no controlled study demonstrating that they are 
effective in preventing this complication. After the bowel is 
brought through the abdominal wall, a defect remains lateral 
to the small bowel mesentery. It is unclear whether this defect 
needs to be routinely closed. This area can be closed either 
by eliminating the defect laterally or by suturing the mesen-
tery to the anterior abdominal wall. If the stoma is thought to 
be temporary, closing this mesenteric defect could possibly 
complicate subsequent small bowel mobilization.

The technical contribution of Brooke19 was primary matura-
tion of the ileostomy. Previously, the immature protruding ileo-
stomy was left to protrude from the abdominal wall. Exposure 
of the serosa resulted in ileitis characterized by symptoms of 
small bowel obstruction. By folding the ileum back on itself, 
one covers the serosa and minimizes these symptoms. The 
stoma is routinely matured by removing 3–5 cm of mesentery 
from the end of the ileum and folding the edge of the bowel 
upon itself (see Chap. 31). To anchor the edge of the bowel, 
we use the “three-bite” suture that includes the full thickness 
of the bowel, seromuscular layer of the bowel, and the dermis 
of the skin. It is important to avoid placing a suture through the 
epidermis, in which mucosal cells can be implanted and cause 
difficulty with appliance security. An appliance is then placed 
over the stoma. Bowel function is expected in 1–3 days.

In some situations, the end of the ileum does not reach far 
enough through the abdominal wall to allow primary matu-
ration. In these situations, the mesentery is usually a limiting 
factor and selection of a more proximal site in the bowel 
may allow better mobilization. Alternatively, a loop ileos-
tomy rather than an end ileostomy may reach more  easily. 
In these unusual situations, a segment of intact bowel is 
brought through the abdominal wall defect. Some surgeons 
prefer to suture the bowel to the fascia with nonabsorbable 
sutures rather than to use a rod to support the bowel in place. 
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Regardless of how the bowel is secured, the stoma should be 
primarily matured. This step is done by dividing the bowel 
distally through 85% of its circumference. The bowel is then 
folded back upon the proximal bowel and primarily sutured 
with the three-bite technique already described.

Postoperative Complications

Brooke ileostomy is a safe procedure with a predictable 
long-term outcome. It is, however, not entirely free of com-
plications. Delayed healing of the perineal wound is not 
uncommon and can be quite problematic.20 Failure of the 
wound to close should prompt investigation to exclude the 
presence of retained mucosa, foreign material, or Crohn’s 
disease (CD). Sexual complications of proctocolectomy in 
men are much less common than in patients having a radical 
resection for cancer, yet permanent impotence or retrograde 
ejaculation can occur. Almost 30% of women complain of 
dyspareunia after this operation, presumably due to perineal 
scarring.21 Intestinal obstruction is a troublesome complica-
tion that can be managed conservatively in most patients. 
Gentle irrigation of the stoma is an important therapeutic 
maneuver. Prolonged nonoperative treatment should not be 
pursued for fear of infarction. Although problems from the 
ileostomy have diminished markedly with the use of modern 
appliances and the Brooke modification, skin irritation, stomal 
stenosis, prolapse, and herniation remain significant causes 
of postoperative morbidity. Treatment of these problems can 
be as simple as reeducating a patient about the proper main-
tenance of the ileostomy. However, up to one-third of these 
patients ultimately require operative revision.22 Despite the 
fact that these patients have undergone major abdominal sur-
gery and have a permanent stoma, their quality of life as mea-
sured by validated questionnaires is very good and similar 
to that of the general population.10 Over 90% of patients are 
happy with their current lifestyle. However, significant prob-
lems do remain. Almost 25% of patients are restricted in their 
social and recreation activities, and nearly 15% of patients 
who are knowledgeable of alternative procedures would con-
sider conversion. In short, the Brooke ileostomy is generally 
well accepted, although a number of patients experience 
significant psychosocial and mechanical difficulties. This 
procedure is commonly performed using minimally invasive 
techniques. Current indications for the procedure include 
elderly patients, individuals with distal rectal cancer, patients 
with severely compromised anal function, and patients who 
choose this operation after appropriate education.

Continent Ileostomy

Physicians involved with patients requiring an ileostomy 
should be aware of the continent ileostomy. Although this 
procedure is less commonly performed today, it remains a 

viable alternative in patients who have discrete problems 
with an appliance. The surgeon should not primarily 
advise this procedure after a proctocolectomy. The conti-
nent ileostomy should be reserved for patients who have 
failed Brooke ileostomy or those individuals who are can-
didates for an IPAA, but cannot have a pouch because of 
rectal cancer, perianal fistulas, poor anal sphincter func-
tion, or occupations that may preclude frequent visits to 
the toilet.

Preoperatively, exclusion of CD using barium examina-
tion of the stomach and small intestine and/or CT-enterogra-
phy and/or capsule endoscopy is important. Suspicion of CD 
contraindicates construction of a continent ileostomy, since 
the risk of recurrent disease in the pouch is increased; this 
could necessitate resection of 45 cm of valuable small bowel 
and render the patient unable to maintain nutrition. Obesity 
and age over 40 years are associated with an increased risk of 
pouch dysfunction and represent relative contraindications 
to the continent ileostomy.23

The period before surgery must also include an open dis-
cussion with the patient, stressing that although continence 
is likely, major complications often occur. These setbacks 
generally must be corrected surgically, sometimes lead-
ing to pouch excision and creation of a standard Brooke 
ileostomy. The patient must comprehend that by learning 
to care for and intubate the reservoir; he or she plays an 
important role in its functional outcome. Only highly moti-
vated, emotionally stable individuals should consider this 
procedure.

Operative Technique

Patients undergoing combined total proctocolectomy/con-
tinent ileostomy have a proctocolectomy performed in the 
usual fashion. Excision of a very short segment of terminal 
ileum and a diligent search for CD during the procedure are 
essential. In patients with a standard ileostomy undergoing 
conversion to continent ileostomy, the stoma is mobilized 
from the abdominal wall. Construction of the reservoir in 
these two patient groups is then performed in an identical 
fashion.

The technique of constructing a continent ileostomy 
is conceptually difficult (Figure 29-1). Using the termi-
nal 45 cm of the ileum, an aperistaltic reservoir is created 
by making an S pouch or a pouch originally described by 
Kock.23 In the classic technique, two 15-cm limbs ileum 
are sutured together with continuous absorbable sutures to 
form a pouch. The antimesenteric border is incised and then 
folded over to form a reservoir. The ileum immediately dis-
tal to the reservoir is then scarified with electrocautery and 
5 cm of adjacent mesentery is removed and intussusception 
of this terminal 15 cm of ileum into the pouch is performed. 
The intussusception is secured with multiple nonabsorbable 
sutures and staples. The end of the ileum is then brought 
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through the abdominal wall at the preoperatively identified 
site just above the escutcheon. The stoma is sutured flush 
with the skin and the pouch firmly anchored to the poste-
rior rectus sheath. A wide plastic tube with large openings is 
placed into the pouch to allow gravity drainage of the pouch 
in the early postoperative period. This tube is occluded for 
progressively longer periods beginning 10 days after surgery 
until it can be removed for 8 h without distress. At this point, 
the pouch is significantly expanded, the tube is removed, 
and drainage is achieved by intubating the pouch three times 
a day. A 6-week period of the indwelling catheter is not 
uncommon.

Postoperative Complications

Postoperative complications that frequently occur are nipple 
valve slippage, pouchitis, intestinal obstruction, and fistula. 
Nipple valve slippage24,25 occurs because of the tendency of 
the intussuscepted segment to slide and extrude on its mes-
enteric aspect. Difficult pouch catheterization, chronic out-
flow tract obstruction, and incontinence ensue. Because of 
the frequency of this problem, many techniques other than 
simple surgical stapling have been described to stabilize the 
valve. Wrapping the valve with prosthetic materials does 
prevent valve slippage, but also is accompanied by a poten-
tially unacceptably high incidence of parastomal abscess and 
fistula formation.12 Despite these technical modifications, 
nipple valve slippage remains the most common complica-
tion after continent ileostomy, occurring in almost 30% of 
patients.12,24,25 Although nonoperative approaches have been 
attempted to correct this problem, surgical correction is vir-
tually inevitable. Repair of the existing malfunctioning valve 
or creation of a new valve from the afferent ileal limb is per-
formed.

Pouchitis is recognized in 25% of patients, making this 
the second most common postoperative complication after 
continent ileostomy.12,24,25 Pouchitis refers to nonspecific 
inflammation that develops in the reservoir, and is thought 
to result from stasis and overgrowth of anaerobic bacteria. 
Patients present with a combination of increased ileostomy 
output, fever, weight loss, and stomal bleeding. The diagno-
sis is made by history and confirmed by pouch endoscopy. 
Pouchitis usually responds to a course of antibiotics and con-
tinuous pouch drainage.

Other complications include an incidence of intestinal 
obstruction after continent ileostomy of about 5%. Surgical 
intervention is mandatory when nonoperative therapy has 
been unsuccessful. The incidence of fistulas after creation 
of a continent ileostomy is approximately 10%. Fistulas 
most commonly originate in the pouch itself or at the base 
of the nipple valve. Pouch fistulas results from dehiscence 
of suture lines or, rarely ileostomy tube erosion. These tracts 
may close with bowel rest, parenteral nutrition, and continu-
ous pouch drainage. Fistulas from the base of the valve lead 
to incontinence, since ileal contents bypass the high-pressure 
zone of the nipple valve. These fistulas commonly arise with 
tearing of the sutures anchoring the pouch to the anterior 
abdominal wall. Valve fistulas rarely heal without operation. 
At laparotomy, the valve is excised, the pouch rotated, and a 
new continent valve constructed from the afferent tract.

Patient satisfaction with a continent ileostomy has been 
reported by some authors as being very high.11,26 Most 
patients note a marked improvement in their lifestyle, and 
almost all patients work and participate in social and recre-
ational activities without restriction.11,24 These observations 
are understandable in that 90% of patients eventually have 
total continence after one or more procedures. Conversely, 
their enthusiasm is surprising considering that complications 

Figure 29-1. Continent ileostomy. A Three limbs of small bowel 
are measured and the bowel wall is sutured together. B After open-
ing the bowel (see the dotted lines in A), the edges are sewn together 
to form a two-layered closure. C A Valve is created by intussus-
cepting the efferent limb into the pouch and fixing it in place with 
a linear noncutting stapler. (Inset: staples in place on valve.) D The 
valve is attached to the pouch sidewall with the linear noncutting 
stapler (a cross section of the finished pouch is shown). E After 
closure of the last suture line, the pouch is attached to the abdomi-
nal wall and a catheter is inserted to keep the pouch decompressed 
during healing.
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are quite frequent and often require major surgical interven-
tion.11,26 The often advertised Barnett modification of the 
Kock pouch (Figure 29-2) uses the afferent limb of small 
bowel to construct the nipple valve and wraps a portion of 
the residual efferent limb around the nipple valve.27 Although 
designed to reduce the incidence of valve slippage and fis-
tula formation, there are no controlled data to suggest that 
this modification is any better than the standard procedure 
most centers are using.

Ileorectal Anastomosis

Before the advent of IPAA, abdominal colectomy with IRA 
was performed in UC patients who might otherwise have been 
offered a permanent ileostomy. Currently, IRA is mainly con-
sidered in patients with indeterminate colitis (IC), in high-risk 
or older patients who are not good candidates for IPAA, or if 

there is mild rectal disease where rectal compliance remains 
adequate. The use of the operation may also be indicated in 
the teenager or young adult in order to rapidly regain good 
health, avoid a stoma and return to school or work quickly. 
In addition, it can also be considered in young females in an 
attempt to preserve fertility.14 Functional results depend on 
the level of the anastomosis as well as the state of the rectum. 
Contraindications to IRA include a very diseased and non-
compliant rectum, dysplasia or nonmetastatic cancer, peria-
nal disease, and a severely compromised anal sphincter.

Postoperative Complications

Ileorectal anastomosis is a safe operation; mortality is low, par-
ticularly when it is performed as an elective procedure. The 
early morbidity of IRA is low, with the incidence of anastomotic 
leak being less than 10%, and major sepsis is very uncommon. 
Sexual function is well preserved. The overall complication 
rate is much lower than that of an IPAA.28 Although the fre-
quency of defecation after IRA is variable, most patients pass 
between two and four semi-liquid stools a day. Nocturnal def-
ecation is quite common, but true incontinence is rare.29

The main concerns surrounding IRA for UC are the long-
term issues regarding cancer risk in the retained rectum and 
the incidence of persistent rectal inflammation. The overall 
risk of cancer developing in the rectum after IRA approxi-
mates 6%, but this depends on the duration of follow up.30 
Few of these cancers develop less than 10 years after opera-
tion, with most cancers appearing 15–20 years after opera-
tion. Rectal cancer following IRA produces few symptoms 
and early lesions are not always easily identified at sigmoi-
doscopy. Patients being offered IRA must realize the need for 
semi-annual sigmoidoscopy with multiple biopsies to detect 
dysplasia, polyps, or invasive cancer. This recommendation 
is particularly important in young adults or children since 
these patients have the highest risk of developing cancer and 
are much more likely to be lost to follow up.

The rectal stump may be the site of recurrent or persistent 
inflammation in 20–45% of patients. Clinical features include 
severe diarrhea, tenesmus, bleeding and urgency. Rectal exci-
sion is needed in those cases that do not respond to topical 
or systemic therapies. About one-quarter of patients require 
proctectomy after IRA for severe proctitis.28,30 The only clin-
ical factor which predicts a successful outcome is the degree 
of inflammation in the rectum preoperatively, minimal proc-
titis being associated with an excellent prognosis.28 A great 
advantage of the IRA is that should a failure occur, other 
options remain. Conversion from an IRA to an IPAA may 
be required when there is a poor functional outcome because 
of poor rectal compliance, persistent and disabling proctitis, 
and with development of an upper rectal cancer. If conver-
sion to IPAA is required, it can be performed safely, although 
poorer bowel function may be expected. However, quality of 
life is similar before and after conversion in these patients.31

Figure 29-2. Barnet continent ileostomy reservoir (BCIR). A Two 
limbs of small intestine are sewn together and opened. B The affer-
ent limb in intussuscepted to form a valve and the valve is stapled 
and stapled to the side of the reservoir. C The pouch is folded back 
and sutured closed. Inset shows cross section of pouch. D Com-
pleted BCIR. The afferent limb of bowel has been divided and reat-
tached to the apex of the pouch and the efferent limb is wrapped 
around the valve to form a collar.
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Ileal-Pouch Anal Anastomosis

The most attractive of the continence-preserving alternatives 
is the IPAA, which consists of near total proctocolectomy, 
creation of an ileal reservoir, and preservation of the anal 
sphincter complex. The original operation as described 
by Sir Alan Parks included a complete stripping of the anal 
mucosa of the anal canal.32 In an attempt to improve func-
tional outcome, some surgeons33,34 preserve the anal transi-
tion zone and perform a stapled anastomosis between the 
ileal pouch and the anal canal immediately cephalad to the 
dentate line (double-staple technique). Both of these tech-
niques remove the colorectum without creating a perianal wound, 
preserve innervation to the anus, bladder, and genitals, and 
retain the usual pathway for defecation. Preoperatively, the 
rectum should be evaluated sigmoidoscopically. Active rectal 
disease requires topical 5-aminosalicylic acid or steroid enemas 
to minimize rectal inflammation and facilitate mucosectomy. 
The anorectal sphincter mechanism must be intact to prevent 
leakage of watery ileal contents. Use of this procedure in 
patients with poor sphincter function or fecal incontinence 
must be carefully individualized. Preoperative evaluation 
also allows the surgeon to be certain that patients undergo-
ing this operation are highly motivated and willing to cope 
with potential postoperative complications.

Recent surgical advances have allowed both laparoscopic 
and hand-assisted proctocolectomy and IPAA. Laparoscopic 
ileal pouch surgery is associated with longer operating time 
and less blood loss, but may have short term benefits such 
as diminished postoperative pain, reduced narcotic require-
ments, and shorter hospital stay compared to open surgery.35,36 
A prospective randomized controlled trial of hand-assisted 
laparoscopic colonic mobilization and open rectal dissec-
tion (via an 8-cm Pfannenstiel incision) versus open surgery 
through the midline showed no difference in postoperative 
quality-of-life measurements.36

Operative Technique

The patient is brought to the operating room and placed in 
the modified lithotomy position. A midline incision is made 
and the abdomen explored to rule out evidence of CD. The 
colon is mobilized in the usual fashion. A few technical 
points should be stressed. Omentectomy may be inappropri-
ate, since there is a lower incidence of postoperative sepsis 
when the omentum is preserved.37 Stapling of the distal ileum 
flush with the cecum is very important, as is preservation 
of the ileal branches of the ileocolic artery and vein. These 
vessels provide perfusion of the pouch after mesenteric divi-
sion. The pelvic peritoneum is incised and rectal mobiliza-
tion begun. Dissection is carried ventrally to the level of the 
prostate in men and the mid-portion of the vagina in women. 
Posteriorly, the dissection is carried past the end of the coc-
cyx. Mobilization of the rectum should be flush with the fascia 

propria to minimize damage to nearby autonomic nerves 
traveling to urinary bladder and sexual organs.

Laparoscopic-assisted IPAA is performed using four to 
five trocars and a 4-cm to 5-cm periumbilical, Pfannenstiel, 
or lower midline incision with the patient in low modified 
lithotomy position. The lateral attachments are divided, and 
most commonly the mesenteric vessels are divided with a 
bipolar vessel sealing and cutting device. If a temporary 
diverting ileostomy is planned, a disc of skin and subcuta-
neous fat can be excised from the chosen stoma site for the 
placement of the trocar in the right lower quadrant. Exteri-
orization of the mobilized colon and rectum can be achieved 
through a 4-cm to 5-cm incision placed at the umbilicus, or 
in the suprapubic region as either a Pfannenstiel or a short 
vertical suprapubic incision. Resection and pouch construc-
tion is performed extracorporeally similar to the open proce-
dure or in a laparoscopic intracorporeal manner. The pouch is 
then returned to the abdomen and under laparoscopic control 
anastomosed to the anal canal. A diverting loop ileostomy is 
constructed in the right lower quadrant.

Hand-assisted laparoscopic (HAL) colectomy begins with 
an 8-cm Pfannenstiel or lower midline incision after which 
the hand device is positioned into the incision (Figure 29-3). 

Figure 29-3. Hand-assisted colectomy begins with 8 cm Pfannenstiel 
or lower midline incision. Note how positioning of towels from the 
root of penis or top of the introitus to the anterior superior iliac spine 
creates a right angled triangle, assuring a straight transverse incision.
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A 12-mm trocar is inserted just below the umbilicus for the 
laparoscope and pneumoperitoneum. Additional 5-mm or 
10-mm trocars are inserted as needed to facilitate the dis-
section. The surgeon’s left hand is placed into the peritoneal 
cavity and the following procedures assisted. The greater 
omentum is dissected, the hepatocolic and splenocolic liga-
ments are taken down to mobilize the transverse colon, and 
the mesocolon is divided using a vessel sealing device 
(Figure 29-4). Although some authors advocate HAL rectal 
mobilization, the chapter authors advocate continuing the 
surgery open directly through the hand-device. The remain-
der of the procedure is continued akin to the open approach. 
This procedure provides the patient with a cosmetically 
acceptable outcome (Figure 29-5).

If desired, mucosal stripping is performed from a perineal 
approach. The use of a Lone Star™ (Lone Star Medical 
Products, Stafford, TX) retractor facilitates exposure and 
minimizes damage to the sphincter mechanism (Figure 29-6). 
A solution of dilute epinephrine is injected into the submu-
cosal plane to facilitate mucosectomy and minimize bleeding 

(Figure 29-7). The excised mucosa and remaining proximal 
rectum are removed, leaving a short cuff of denuded rec-
tal muscle distally for about 4 cm above the dentate line. 
Attention is then directed towards creation of the ileal reser-
voir. The terminal ileum is aligned in a J configuration and 
the pouch constructed with either a continuous absorbable 
suture or stapling device (Figures 29-8 to 29-11). Both limbs 
of the J are approximately 15–25 cm in length, the exact 
length guided by where the pouch reaches deepest into the 
pelvis. The prospective apex of the pouch must reach beyond 

Figure 29-4. Technical maneuvers during hand-assisted laparoscopic total colectomy. A Traction of the ileocolic fat pad with traction 
towards the right lower quadrant will facilitate identification and preservation of the ileocolic artery. The omentum and transverse colon 
mesentery are divided either together B or separately after entry into the lesser sac C.

Figure 29-5. Typical wound appearance at completion of surgery.

Figure 29-6. Lone Star™ retractor.



48729. Ulcerative Colitis: Surgical Management

the symphysis pubis in order to accomplish a tension-free 
ileoanal anastomosis. Selective division of mesenteric vessels 
to the apex of a proposed J-pouch will allow for more length 
(Figure 29-12). Superficial incision on the anterior and pos-
terior aspects of the small bowel mesentery along the course 
of the superior mesenteric artery, and mobilization of the 
small bowel mesentery up to and anterior to the duodenum, 

are two additional important lengthening maneuvers. The 
pouch is then pulled into the pelvis and the anastomosis car-
ried out between the apex of the pouch and the dentate line, 
approximating full-thickness of the pouch wall to the inter-
nal sphincter and anal mucosa (Figure 29-13). A proximal 
defunctioning loop ileostomy is created. One or two suc-
tion drains can be placed in the presacral space and brought 

Figure 29-7. Mucosectomy. In A, a spinal needle is used to inject 
saline solution with epinephrine (1:200,000) into the submucosa 
from the dentate line to the levators. A circumferential incision 
through the mucosa is made at the dentate line. A sleeve of mucosa is 
dissected free from the internal sphincter using sharp dissection B.

Figure 29-8. Ileal J-pouch creation. A The limbs of the ileum are 
oriented using stay sutures. B The common wall of the two limbs is 
then divided using a linear cutting stapler placed through an apical 
antimesenteric enterotomy. C The J-reservoir is then placed within 
the rectal muscular sleeve and sutured to the dentate line. (From 
Veidenheimer MC. Mucosal proctectomy, ileal J-reservoir, and 
ileoanal anastomosis. In: Braasch JW, Sedgwick CE, Veidenheimer 
MC, Ellis FH Jr., editors. Atlas of abdominal surgery. Philadelphia: 
WB Saunders; 1991).

Figure 29-10. Ileal J-Pouch. Intraoperative photograph showing appli-
cation of the linear stapler through the apical enterotomy. Note how the 
stay sutures are helpful in advancing the bowel over the stapler.

Figure 29-9. Ileal J-Pouch. Intraoperative photograph showing the 
two limbs of the ileum properly oriented using stay sutures.
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out through the lower abdominal quadrant. Placement of an 
anti-adhesion barrier around the stoma and underneath the 
incision should be considered to reduce the incidence and 
severity of postoperative abdominal adhesions.38

In the double-stapled technique, the anorectum is divided 
by the abdominal operator approximately 2 cm above the 
dentate line using a right-angle linear stapler (Figure 29-14). 
After the pouch is created, the anvil of the mid-sized circular 
stapler device is tied in to the apex of the ileal pouch. Before 
proceeding with the anastomosis, integrity of the rectal sta-
ple line is tested using air insufflation. The stapler is placed 
transanally and the trocar advanced through the transverse 
staple line. The stapler is then closed as the abdominal sur-
geon ensures that no extraneous tissues are trapped within 
the stapling device.

Postoperative management is similar to that in patients 
who have had a low anterior resection. Ileostomy output can 
be quite high, since the stoma is more proximal than a tra-
ditional Brooke ileostomy. Patients should be encouraged to 
keep themselves well hydrated. In some instances, antidiar-
rheal medication is prescribed.

Patients are usually discharged after 7–10 days in the 
hospital and return 6–8 weeks later to have the temporary 
ileostomy closed. Before closure, however, the pouch is 
thoroughly investigated. Digital rectal examination is used 
to assess anal sphincter tone and detect anastomotic stric-
tures or defects. The pouch is examined endoscopically 

to ensure that the suture lines are healed, and a contrast 
study is performed to detect pouch leaks, fistulas and sinus 
tracts. Only after confirmation that pouch abnormalities are 

Figure 29-11. Ileal J-Pouch. Intraoperative photograph showing 
the completed J-Pouch. Figure 29-12. Ileal J-pouch. The peritoneum is scored to lengthen 

the mesentery. Selective division of mesenteric arcades is used to 
produce additional length (From Veidenheimer MC. Mucosal proc-
tectomy, ileal J-reservoir, and ileoanal anastomosis. In: Braasch 
JW, Sedgwick CE, Veidenheimer MC, Ellis FH Jr., editors. Atlas of 
abdominal surgery. Philadelphia: WB Saunders; 1991).

Figure 29-13. Handsewn ileoanal anastomosis. After the pouch is 
gently pulled through the anal canal by the perineal surgeon, four 
sutures incorporating full thickness of the pouch and a generous bite 
of the internal sphincter are placed at right angles to anchor the efferent 
limb within the anal canal A. The anastomosis is completed by placing 
sutures between each anchoring suture B. Completed anastomosis C.
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not present is the ileostomy closed. Sphincter strengthening 
exercises should be encouraged in the period leading up to 
ileostomy closure, since they appear to improve functional 
results. In over 90% of patients, the ileostomy can be closed 
through a peristomal incision. However, in the remainder the 
midline abdominal incision must be reopened.

Postoperative Complications

Performing an IPAA is safe, with reported mortality rates 
ranging 0–1%.39 In distinct contrast to mortality, however, 
morbidity after IPAA remains considerable. Small bowel 
obstruction occurs in 20% of patients and results from adhe-
sion formation to the large number of raw surfaces after 
colectomy and from kinking at the ileostomy site. Most of 
the obstructive episodes occur in the immediate period after 
either procedure. Although an initial trial of nonoperative 
therapy is appropriate, surgical intervention may ultimately 
be required.40 Several strategies have been devised to prevent 
adhesion formation. Intraoperative application of a biore-
sorbable adhesion barrier may reduce the incidence of clini-
cal adhesive SBO.41. It is also anticipated that the incidence 
of adhesive SBO will be reduced with the increasing use of 
laparoscopic IPAA.

Although the incidence has steadily decreased with 
increasing surgical experience, pelvic sepsis still occurs in 
5% of patients after IPAA. Septic complications result from 
anastomotic dehiscence or an infected pelvic hematoma. Pel-
vic sepsis may present in the immediate postoperative period 
or it may be delayed, manifesting as abscess formation (usu-
ally presacral) or a perineal fustula. The symptoms sugges-
tive of early pelvic sepsis are fever, anal pain, tenesmus, 
and discharge of pus or secondary hemorrhage through the 
anus. Diagnosis is confirmed using computed tomography 
(CT) or magnetic resonance imaging (MRI), which demon-
strates the presence of an abscess or of edematous tissues. As 
patients who develop sepsis in the early postoperative period 
have a higher likelihood of subsequent pouch failure,42 an 
aggressive therapeutic approach should be adopted in these 
patients. Although most patients respond to intravenous anti-
biotics within 24–36 h, patients with ongoing sepsis and an 
organized abscess should undergo early operative endoanal 
or imaging-guided percutaneous drainage. If drainage of the 
cavity is unsatisfactory, an attempt should be made to deroof 
the abscess and curette the cavity through the anus, creating 
a large communication between the abscess and the reser-
voir. A catheter should be placed into the cavity to promote 
drainage and irrigation. Sometimes several local procedures 
are needed to eradicate sepsis. Although relaparotomy is 
reserved for cases in which CT-guided drainage or minor 
surgery has failed to control sepsis and also for patients who 
deteriorate quickly with signs of generalized peritonitis, this 
approach is rarely needed.

The reported incidence of ileoanal anastomotic stricture 
has varied between 5 and 38%,43–46 and depends in part on 
the definition of stricture used by different authors. For 
some, a stricture is a narrowing of the anastomosis that 
requires at least two dilations44,45 whereas for others, a stric-
ture is narrowing associated with pouch-outlet obstruction 
and poor evacuation that requires repeated dilations. The eti-
ology is usually anastomotic tension that also predisposes to 
infection from leakage. Full mobilization of the mesentery 
and avoidance of traction on the reservoir are key techni-
cal maneuvers to avoid stricture formation. Anchoring the 
pouch to surrounding tissues may prevent direct tension on 
the anastomosis itself. Avoidance of sepsis is paramount to 
a successful outcome. An apparent stricture may be noted 
when digital examination is carried out for the first time after 
the operation. These asymptomatic web-like strictures can 
be easily disrupted by gentle passage of the finger. More 
fibrotic strictures can usually be fractured digitally, but occa-
sionally the insertion of graded dilators under anesthesia is 
necessary. Operative management usually requires repeated 
dilatations yet reasonable function can be expected in over 
50% of patients.44,45,47 Rarely, a transanal approach involving 
excision of the stricture and pouch advancement distally is 
necessary.48

Anastomotic separation is seen in approximately 10% 
of patients. If this complication is recognized  during 

Figure 29-14. Double-stapled J pouch anastomosis. The anvil of 
a mid-sized circular stapler is tied into the apex of the J pouch A. 
The anorectum is divided with a stapler within the levator muscles 
about 1–2 cm above the dentate line. Adjacent tissue such as the 
bladder or vagina must be excluded from incorporation in the staple 
line. The integrity of the staple line should be tested with air insuf-
flation through an anoscope B. The perineal operator advances the 
mid-sized circular stapler against the anorectal transaction site and 
advances the trocar through the transverse staple line C. The anvil 
mechanism is positioned onto the rod of the circular stapler. Before 
completing the anastomosis, the abdominal operator must prevent 
extraneous tissue from being trapped into the stapling device D.
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 preileostomy closure contrast studies or as a defect on 
digital examination, ileostomy closure should be delayed 
until complete clinical and radiographic evidence of heal-
ing. Local drainage procedures for an associated abscess or 
a direct repair of the separation are sometimes necessary.49 
This aggressive approach will almost always be successful, 
allowing ileostomy closure.

The reported incidence of pouch-vaginal fistula ranges 
from 3 to 16%.50–53 The patient complains of a vaginal dis-
charge and clinical examination usually demonstrates the 
fistula. Occasionally, it is only detected by radiological 
contrast enema (pouchogram). It is important to exclude a 
pouch-vaginal fistula by careful operative examination of the 
vagina as well as the anal canal before closing the defunc-
tioning ileostomy. The fistula may present before ileostomy 
closure or after stoma closure.50 The internal opening is usu-
ally located at the ileoanal anastomosis, but less often it may 
arise at the dentate line, perhaps as a form of cryptoglandular 
sepsis. Causative factors may include injury to the vagina or 
rectovaginal septum during the rectal dissection or anasto-
motic dehiscence with pelvic sepsis. The latter is probably 
the major predisposing factor as pelvic sepsis rates are sig-
nificantly higher in patients with pouch–vaginal fistula than 
in those without.54 CD has been reported to be more com-
mon in patients with pouch–vaginal fistula, yet is difficult to 
prove in the majority of cases. Management depends on the 
severity of symptoms. When these are minimal and accept-
able to the patient, no action or the placement of a seton may 
be all that is necessary.52 In those with a clinically signifi-
cant degree of incontinence, a diverting ileostomy should be 
established if not already present. The defunctioning, sepsis 
is drained with or without placement of a seton suture and, 
once it has settled, repair is indicated. Simple defunction-
ing alone does not often lead to fistula closure.55 Medical 
therapy is not indicated in managing these fistulas, although 
one recent series showed efficacy of infliximab.56 Surgical 
options are divided into abdominal and local procedures. 
The former includes abdominal revision with advancement 
of the ileoanal anastomosis, and the latter fistulectomy with 
or without sphincter repair, endoanal advancement flap 
repair, and endovaginal or transvaginal repair. The height of 
the ileoanal anastomosis is the essential feature that influ-
ences the choice of operative approach. Pouch–vaginal fis-
tula from an anastomosis at or above the anorectal junction 
should be approached abdominally with pouch dissection, 
repair of the vaginal defect, and creation of a new ileoanal 
anstomosis. Several reports have reported an approximately 
80% success rate using this approach.55,57,58 A fistula aris-
ing from an anastomosis within the anal canal should not be 
treated with an abdominal procedure as there is not sufficient 
distal anal canal length to be clear of the fistula. A local pro-
cedure is necessary in such circumstances and most surgeons 
have used either an endoanal ileal advancement flap proce-
dure50,51,53,54 or a transvaginal technique.59 Although both 
approaches result in fistula closure in 50–60% of cases, the 

transvaginal repair may have an advantage over the endoanal 
technique as it allows a direct approach to the fistula without 
the possibility of sphincter damage. Another alternative is 
the use of a gracilis muscle interposition.60

The most frequent long-term complication after IPAA for 
UC is a nonspecific inflammation of the ileal pouch com-
monly known as pouchitis.61–63 There are two clinical forms of 
pouchitis. Acute pouchitis responds rapidly to oral antibiotic 
treatment. In a smaller number of patients, chronic pouchitis 
can develop, a condition requiring long-term therapy with 
antibiotics or other agents.64 Clinical factors associated with 
acute pouchitis include the use of steroids before colectomy 
and smoking. Factors directly related to chronic pouchitis 
are the presence of extraintestinal disease such as primary 
sclerosing cholangitis, elevated platelet count, and length of 
follow-up after IPAA. Smoking appears to protect against 
the development of chronic pouchitis.65,66 Expression of the 
serologic factors, perinuclear antineutrophil cytoplasmic 
antibody (pANCA) and CBir1, before colectomy predict the 
development of acute and chronic pouchitis after IPAA.67,68 
The etiology of this nonspecific inflammation is unclear, but 
as with the continent ileostomy may be due to an overgrowth 
of anaerobic bacteria. Presenting symptoms include abdomi-
nal cramps, fever, pelvic pain, and sudden increase in stool 
frequency. Treatment of pelvic reservoir pouchitis relies pri-
marily on the use of antibiotics such as metronidazole and 
ciprofloxacin.69,70 A mixture of probiotics is useful in most 
IPAA patients after resolution of the acute symptoms to pre-
vent recurrence of pouchitis.71 Although these regimens are 
almost always successful, occasionally steroid enemas or 
5-aminosalicylates will be necessary. Uncommonly, an ileo-
stomy with or without pouch excision is required for severe 
refractory pouchitis.

The number of bowel movements after successful ileoa-
nal pouch procedures averages six per 24 h. Most patients 
are not particularly concerned with how often they def-
ecate since most can postpone defecation to accommodate 
social and recreational activities. Major incontinence is very 
unusual, although minor incontinence to mucus or stool, 
particularly at night, is observed in approximately 30% of 
patients. These patients are managed effectively with good 
perianal hygiene and the occasional use of a perineal pad. 
Although continence is clearly altered after pelvic pouch sur-
gery, quality of life is extremely well preserved.72 Quality-
of-life studies have disclosed that more than 95% of patients 
are satisfied with their pouch73 and would not go back to an 
ileostomy. In order to obtain these results, however, approxi-
mately one half of patients regularly take a bulking agent or 
antidiarrheal medication to help regulate their bowels. Many 
patients also tend to eat less in the evening than at midday 
in order to minimize bowel movements when they are going 
out or while sleeping. Total failure, defined as removal 
of the pouch, occurs in only 5–8% of cases and is usually 
caused by pelvic sepsis, undiagnosed CD, or an unacceptable 
functional outcome.
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Issues related to fertility, pregnancy, and the preferred 
method of delivery are of great importance in the female IPAA 
patient, many of whom are young and within their reproduc-
tive years. Two large studies showed a significant decrease 
in postoperative fertility.74,75 Results of a recent systematic 
review were more promising, revealing an infertility rate of 
12% before restorative proctocolectomy and only 26% after 
surgery based on 7 studies and 945 evaluable patients.76 The 
decrease in postoperative fertility was attributed to probable 
tubal occlusion from adhesions, a phenomenon observed 
in another study.77 However, physician recommendations 
against conception and patient concerns about having chil-
dren affected with UC could not be discounted.74 There are 
a number of strategies to improve fertility in these patients. 
Application of an anti-adhesion membrane around the fallo-
pian tubes and ovaries during surgery is recommended. Sur-
geons may also consider delaying proctectomy until a family 
has been established. Finally, since laparoscopy appears to 
reduce the number of peritubal adhesions after IPAA,78 mini-
mally invasive surgery should be strongly considered in all 
young females.

The optimal method of delivery remains controversial. 
Cesarean section decreases the risk of incontinence result-
ing from damage to the anal sphincters and yet is associated 
with complications inherent to abdominal surgery, includ-
ing injury to the pelvic pouch and adhesion formation. Vagi-
nal delivery may damage the pudendal nerve and the anal 
sphincter mechanism, but it reduces the problems associated 
with abdominal surgery and recovery is more rapid. Recent 
reports show a higher incidence of an anterior sphincter 
defects and lower mean squeeze anal pressures following 
vaginal delivery compared with cesarean delivery in women 
with an IPAA.79 In the short-term, vaginal delivery does not 
seem substantially to influence pouch function or quality of 
life.76,80 However, vaginal delivery has been shown to cause 
occult sphincter damage81 and injury to the innervation of 
the pelvic floor in normal females.82 These factors could lead 
to an increased risk of fecal incontinence with age, which 
would be particularly devastating in a patient with a pelvic 
pouch.

Controversies

In approximately 10% of colitis patients, there are inad-
equate diagnostic criteria to make a definite distinction 
between UC and CD, especially in the setting of fulminant 
colitis.83,84 Although some studies have found higher rates 
of perineal complications, development of CD, and eventual 
pouch loss in IC patients,85 other papers have suggested that 
IC patients have outcomes comparable to UC patients.86,87 
These conflicting results in part arise from the retrospective 
design, small patient number, suboptimal patient follow-up 
and referral center bias typical of these studies. The disparate 
results also arise from widespread confusion over the precise 

diagnosis of IC. Even though the term IC was initially applied 
to resection specimens,83 it has in recent years been also 
used in patients having atypical preoperative radiographic 
or endoscopic features, including biopsy specimens. This 
had resulted in many studies including patients with inde-
terminate features preoperatively, postoperatively, or both. 
Recently published World Congress of Gastroenterology 
recommendations recommend that the diagnosis of IC 
should be made only after colectomy, and that the term 
inflammatory bowel disease-unclassified (IBDU) be used 
in all other cases where definitive features of CD and UC 
are absent.88 A large, prospective study recently reported 
the incidence of acute pouchitis, chronic pouchitis, and 
de novo CD after ileal pouch–anal anastomosis do not dif-
fer significantly between patients with UC, IBDU, or IC.86 
Patients with IBDU and IC can undergo ileal pouch–anal 
anastomosis and expect a long-term outcome equivalent to 
patients with UC.

Another debated issue is whether IPAA should be offered 
to elderly patients. Two reasons to avoid these procedures in 
older patients relate to the higher incidence of anal sphincter 
dysfunction with increasing age and the morbidity of reoper-
ations in these potentially medically compromised patients. 
However operations for rectal cancer with anastomosis to 
the anal sphincter are regularly undertaken in patients in 
their seventh and eighth decades, and thus many surgeons 
contend that an IPAA should also be made available. Many 
groups have demonstrated that IPAA in the elderly patient is 
safe and feasible.89,90 It appears that chronologic age should 
not itself be used as an exclusion criterion. Pouch proce-
dures are feasible in suitably motivated elderly individuals 
who understand the risks and problems of this procedure. 
Although bowel frequency remains constant in the first 
decade after the surgical procedure,91,92 it is unclear what 
will occur as the patient continues to age. Perhaps the use 
of a double-stapled technique with preservation of the anal 
transition zone might improve function over time, but this 
remains unproven.

Another controversy relates to the use of the IPAA in UC 
patients who have an established colorectal cancer. The pres-
ence of distant metastatic disease is generally a contraindica-
tion to IPAA. These unfortunate patients should be managed 
with segmental colectomy or abdominal colectomy with 
IRA to facilitate early discharge and allow them to spend the 
rest of their lives relatively free of complications. Patients 
with middle and low rectal tumors, in accordance with basic 
principles of cancer surgery, may not be eligible for this pro-
cedure. Radiation therapy, if indicated, should be performed 
preoperatively; a pelvic pouch should not be subjected to 
radiation because of a high incidence of pouch loss. UC 
patients with cecal cancers represent another unique sub-
group of patients. The sacrifice of a long segment of adjacent 
distal ileum with its mesenteric vessels may limit positioning 
of the reservoir into the pelvis. If a tension-free anastomosis 
cannot be ensured, a Brooke ileostomy may be necessary. 
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Studies examining the use of the ileoanal pouch in patients 
with locally invasive cancers of the colon and upper rectum 
have been conflicting. In one series,93 UC patients with a 
carcinoma had postoperative complications and functional 
results identical to UC patients without cancer. Metastatic 
disease developed in a small number of patients. In con-
trast, another study revealed that almost 20% of UC patients 
with cancer who had an IPAA died of metastatic disease.94 
Since both of these patients had T3 cancers at surgery, it is 
unclear that their course was adversely influenced by per-
forming IPAA. This conservative management approach is 
also encouraged by surgeons at the Lahey Clinic,95 where 
UC patients with a T3 cancer initially undergo an abdomi-
nal colectomy with ileostomy. An observation period of at 
least 12 months is recommended to ensure that no recurrent 
disease develops. Another reason to postpone IPAA in these 
patients is to allow adjuvant chemoradiation therapy to pro-
ceed unhindered without any added morbidity from a pouch–
anal anastomosis and a relatively proximal ileostomy.

A number of innovations of the IPAA operation spurred 
by a desire to decrease complications and improve func-
tion have led to a series of technical controversies. Some 
authors feel that the entire rectal mucosa does not need to 
be removed. They favor leaving 1–2 cm of distal mucosa 
behind, transecting the rectum just above the puborectalis 
muscle and stapling the pouch to the rectal remnant. The 
potential advantages of the double-stapled approach include 
technical ease as it avoids a mucosectomy and the perineal 
phase of the operation, less tension on the anastomotic line, 
and improved functional results because sphincter injury is 
minimized and the anal transition zone with its abundant 
supply of sensory nerve endings is preserved.96 On the other 
hand, surgeons who oppose this operative approach not only 
contend that residual diseased mucosa is at risk of malig-
nancy, but are also concerned about the potential for continu-
ing proctitis in the residual mucosa (i.e., cuffitis). A recent 
review of cases of adenocarcinoma occurring after IPAA 
suggested that cancer can occur when either a mucosectomy 
or a double-staple technique was used, whether there was 
dysplasia preoperatively, or whether the rectum was ini-
tially involved.97 Although inflammation in the rectal cuff 
after double-stapled IPAA is commonly seen, only about 
10% of these patients are symptomatic.98 One small, uncon-
trolled study with significant patient dropout suggested that 
mesalamine suppositories might be an effective treatment for 
symptomatic cuffitis.99 In an effort to resolve the handsewn 
versus stapled controversy, three small prospective random-
ized trials and one meta-analysis of those three trials failed 
to demonstrate any significant differences in perioperative 
complications or functional results in those patients where 
a mucosectomy was done versus those patients where the 
distal rectal mucosa was preserved.100–103 It is important that 
the surgeon performing an IPAA be familiar with both tech-
niques in the event of failure or inability to use the stapler 
or when a handsewn anastomosis is contemplated but where 

anastomotic tension is excessive. It must be stressed that if 
a stapled technique is used, care should be taken to create 
an ileal pouch to anal anastomosis and not an ileal-to-rec-
tum anastomosis. In addition, the patient must also be made 
aware of the need for long-term surveillance of the cuff, par-
ticularly if surgery was performed for carcinoma or dyspla-
sia.104 Alternatively, if mucosectomy is selected, the patients 
must understand that a cancer or colitis can occur in the iso-
lated viable mucosal islands inside of the muscular cuff, but 
outside of the pouch serosa. Therefore these areas cannot be 
visualized or biopsied.

Another technical controversial issue is the shape and size 
of the reservoir. Although the initial ileal reservoir created 
by Parks in the late 1970s was a triple-loop S pouch,32 other 
pouch configurations have been described in an attempt to 
reduce pouch complications and improve functional outcome 
(Figure 29-15). Three other configurations that have been 
described are the double-loop J pouch, the quadruple-loop W 
pouch, and the lateral isoperistaltic H pouch.105–107 S pouches 
were initially plagued with evacuation problems associated 
with a long (5-cm or more) exit conduit, frequently requiring 
pouch catheterization.32 With shortening of the exit conduit 
to 2 cm or less, mandatory catheterization has been substan-
tially reduced.108 The long outlet tract formed in the H pouch 
was also associated with pouch distention, stasis and pouchi-
tis.109 The W pouch has been favored by some surgeons107 
because its theoretically greater capacity may lead to fewer 
daily bowel movements. However, two randomized trials 
comparing the W and J pouch did not confirm this hypoth-
esis.110,111 In one study,110, the median number of stools per 
day was the same in patients with a J or W pouch, and there 
was no difference in functional outcome between the two 
reservoirs in rates of incontinence, urgency, soiling, and the 
use of antidiarrheal agents. Johnston and coworkers111 also 
demonstrated similar functional results between J and W 
pouches 1-year after surgery. At present, most centers per-
form a J pouch since it is easier and faster to construct.110,112 
An S pouch can provide additional length (2–4 cm) com-
pared with the J pouch and can be useful in minimizing 

Figure 29-15. Different ileal pouch configurations.
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anastomotic tension. However, the 2-cm exit conduit of the 
S pouch may lengthen over time and obstructive defecation 
may develop.

A controversy that merits discussion relates to the rou-
tine use of a diverting loop ileostomy. Proponents of routine 
fecal diversion113,114 contend that postoperative septic com-
plications are minimized. Loop ileostomy also obviates the 
problem of immediate severe diarrhea through an edematous 
ileal pouch and a sphincter that has been damaged surgically 
by mucosectomy or double-stapling. On the other hand, 
many surgeons believe that the loop ileostomy is counter-
productive.115,116 Notwithstanding the additional operation 
and increased hospitalization associated with its closure, 
the morbidity of ileostomy closure is not insignificant, as 
small bowel obstruction and anastomosis leaks can occur. 
In addition, these ileostomies may be proximal in the small 
bowel and thus represent high-output stomas that can cause 
clinical dehydration. Some surgeons contend that omission 
of the ileostomy is safe when the anastomosis appears intact 
and under no tension, the procedure is not complicated by 
excessive bleeding or other technical difficulties, the ter-
minal ileum is not affected by backwash ileitis, and the 
patients are not on high steroid doses prior to surgery. These 
criteria, however, have not been clearly studied in a prospec-
tive randomized fashion. It should be stressed that problems 
associated with the ileostomy or its closure such as dehy-
dration, anastomotic leak, or bowel obstruction are easily 
managed with medical or surgical means. The development 
of a pouch specific complication in those patients without 
an ileostomy is a particularly morbid event requiring repeat 
laparotomy and fecal diversion in a septic patient. Clearly, 
more work is needed to further resolve the issue of whether 
an ileostomy should be routinely used in this procedure. It 
is clear that although associated with more skin irritation 
and stomal nursing care, a loop ileostomy is preferred over 
an end ileostomy for temporary fecal diversion after IPAA 
because of the ease of loop stoma closure.117

Many of the pelvic complications of the ileal pouch can 
be effectively managed by a perineal procedure. In some 
cases, however, these local procedures are not successful. 
The role of abdominal salvage surgery aimed at avoiding 
pouch excision or indefinite fecal diversion in patients with 
refractory pelvic sepsis, poor pouch function or inflamma-
tion of retained rectal mucosa remains to be defined. Suc-
cessful outcomes after salvage surgery have been reported 
in up to 90% of UC patients.118–121 Others, however, have 
reported poorer results.42,47,122 This great variability in suc-
cess rates may be explained by variation in the severity of 
sepsis and its location in relation to the anastomosis.42 The 
duration of follow-up is also an important factor, as failure 
after salvage continues steadily with time.42,47 Various fac-
tors need to be considered when advising an abdominal sal-
vage procedure, including feasibility of success, magnitude 
of operation, overall duration of treatment, and the patient’s 
wishes. Counselling is essential and the patient must be 

given a realistic appraisal of the prospect of a successful 
outcome. The potential morbidity of removal of the reservoir 
resulting in a permanent ileostomy should also be discussed, 
including the possibility of a high-output ileostomy, pelvic 
nerve damage, and an unhealed perineal wound.

Conclusion

The approach to the patient with UC who requires surgical 
intervention must begin with an honest and thorough discus-
sion concerning the pros and cons of each procedure. Sur-
geons should individualize treatment based on the patients’ 
desires, fears, and expectations. In general, those patients 
desiring a minimum of complications without regard for con-
tinence should undergo total proctocolectomy with Brooke 
ileostomy. Those patients wanting to preserve fecal inconti-
nence, but also willing to accept a number of potential post-
operative complications that in some cases may necessitate 
a stoma should consider an IPAA. The risk of complications 
and the unknown long-term effects of continence-preserving 
surgery require that patients be willing to undergo careful 
and regular follow-up. Patients not expected to comply with 
or take care of a continent ileostomy or IPAA should not 
be offered these procedures. The Standards Practice Task 
Force of the American Society of Colon and Rectal Surgeons  
has published practice parameters for the surgical treatment 
of UC.123
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30
Crohn’s Disease: Surgical Management
Scott A. Strong

Introduction

Crohn’s disease is a chronic, unremitting inflammatory 
 condition of uncertain etiology that can affect the entirety of 
the alimentary tract. Appropriate diagnosis and management 
of the disease requires collaboration among physicians, radio-
logists, pathologists, and surgeons who work to safely main-
tain a satisfactory quality of life in patients who suffer from 
this incurable disorder. Depending upon the patient age, dis-
ease location, disease behavior, and other clinical parameters, 
the surgeon uses intestinal bypass, strictureplasty, and/or bowel 
resection to manage disease that is confounded by complica-
tions or refractory to conventional medical therapy. Particular 
care must be taken during surgery to address all areas of symp-
tomatic disease while minimizing the risk for future complica-
tions arising from recurrent disease.

Prevalence

Increasing trends in the worldwide prevalence of Crohn’s dis-
ease have been observed with a broad north–south gradient 
still prevailing in Europe.1 The highest incidence areas are 
still seen in distinct regions of Canada, France, New Zealand, 
Netherlands, Scandinavia, and Scotland. While affluence and 
an industrialized status are common associations between 
endemic areas, an etiological role cannot be clearly supported 
based upon the current evidence.

Crohn’s disease is recognized to demonstrate a bimodal 
age distribution with the first peak occurring between the 
ages of 15 and 30 years and the second between 60 and 
80 years. However, most patients experience the onset of dis-
ease symptoms before 30 years of age. The disorder is more 
common in whites than in blacks, Hispanics, or Asians, and 
a two to fourfold increase in the prevalence has been found 
among the Jewish population in the USA, Europe, and South 
Africa compared to other ethnic groups.2,3

In a sample of nine million Americans, Kappelman and col-
leagues4 recently reported the prevalence of Crohn’s  disease 

in patients aged younger and older than 20 years to be 43 and 
201 per 100,000, respectively. A slight male predominance 
was seen in the pediatric population and a converse female 
predominance was noted in adulthood. Overall, only subtle 
regional differences in the prevalence were seen with the low-
est prevalence observed in the South. However, the amount 
of geographic variation was less than that seen reported in 
Canada and Europe.

Etiopathology

The development of Crohn’s disease likely involves host 
genetics, an environmental trigger, and altered immune 
responses. A recent review5 of eight genome-wide association 
studies performed in Crohn’s disease have identified several 
loci influencing disease susceptibility and a meta-analysis6 
implicated another 20–30 loci. Many of the new findings 
in Crohn’s disease segregate into particular biological path-
ways and functions. Two particular pathways have generated 
significant interest.7 The first of these involves autophagy, 
which is responsible for the recycling of cellular organelles 
and long-lived proteins, and plays an important role in tissue 
homeostasis as well as intracellular bacteria processing. The 
second is the IL-23/Th17 pathway. IL-23 stimulates the Th17 
cell population to produce IL-17 and other pro-inflammatory 
cytokines involved in intestinal inflammation.

Environmental triggers of Crohn’s disease have been long 
sought and research is based upon epidemiological, clinical, 
and experimental studies. To date, three hypotheses associate 
environmental factors with the etiopathology of Crohn’s dis-
ease and they include the hygiene, infection, and cold chain 
hypotheses. Although the role of smoking as a risk factor 
has been reasonably well established,8 many other environ-
mental factors have been investigated, including diet, drugs, 
infectious agents, social status, and stress. Among these 
other factors, antibiotics, oral contraceptives, and selected 
microbes could potentially play a role in the triggering of 
Crohn’s disease.9–11
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In normal intestine, the immunologic character is typified 
by suppression or tolerance of immune responses against 
nonpathogens present within the gut lumen. These nonpatho-
gens include both commensal flora and dietary antigens. Con-
versely, this tolerant state, at least to specific components of 
the flora, is lost in patients with Crohn’s disease. Tolerance is 
mediated by regulatory cells that control immune responses, 
and these cells may be ineffectively activated or maintained 
in Crohn’s disease. Although the cellular constituents are 
responsible for the inflammation, the cellular products and 
their effect on other local cell populations lead to the actual 
disease manifestations and the particular disease behavior is 
likely dictated by the distinct pathway involved in the abnor-
mally regulated inflammatory response. Mounting evidence 
also suggests that the inflammatory mediators may transi-
tion over time because of the natural disease course or in 
response to medical therapy.7

Therefore, Crohn’s disease likely arises in a genetically 
susceptible individual exposed to an ordinarily harmless trig-
ger that initiates a dysregulated inflammatory response caus-
ing an aggressive and persistent inflammatory response that 
becomes progressively resistant to medical therapy during 
the patient’s lifetime.

Classification

The original classification of Crohn’s disease was described 
nearly four decades ago,12 but inaccuracies associated with 
this and subsequent systems led to the development of the 
Vienna classification13 and its modification, the Montreal 
classification.14 The Vienna schema was generated by a 
World Congress of Gastroenterology Working Party that 
prospectively designed a simple phenotypic classification 
system based on objective and reproducible clinical variables 
that include age at disease diagnosis (A), anatomic location 
of disease (L), and disease behavior (B).

The ability of experts to independently agree on disease 
phenotype using the Vienna classification in controlled trials 
ranged from poor to fair.15 Accordingly, the Montreal clas-
sification was introduced. The new schema did not alter the 
three principal categories, but modifications within each of 
the variables were introduced (Table 30-1).14

With respect to age of onset, the Montreal classification 
introduced a subgroup for patients with early onset of dis-
ease because several studies have demonstrated that specific 
serotypes or genotypes are more frequently found in early 
onset Crohn’s disease.

Regarding disease location, the major limitation of the 
Vienna classification was that the four locations were mutu-
ally exclusive, and experience suggests that upper gastrointes-
tinal disease can commonly coexist with more distal disease. 
Therefore, the upper gastrointestinal disease description is 
now used alone or as a modifier of the ileal, colonic, or ileo-
colonic subgroups. Ileal disease is defined as disease limited 

to the lower third of the small bowel (terminal ileum) with 
or without cecal involvement. Colonic disease is any colon 
involvement between the cecum and rectum without termi-
nal ileal disease. Ileocolonic disease is disease of the termi-
nal ileum with colon involvement noted between the cecum 
and rectum. Lastly, upper gastrointestinal disease is defined 
as any disease location proximal to the terminal ileum.

The behavior variable was edited because several reports 
indicate that perianal fistulizing disease is not inevitably 
associated with penetrating intestinal disease, and it was 
convincingly argued that perianal disease alone required a 
separate subclassification.

Initial application of the Vienna classification to clinical 
practice demonstrated that the Crohn’s disease phenotype 
markedly changes for a given patient over time.16 While only 
15% of patients experience an alteration in anatomic loca-
tion, nearly 80% of individuals with inflammatory disease 
ultimately demonstrate stricturing or penetrating behavior. 
It is unclear whether the various classification systems fail 
because of the heterogeneity of the disease or the inherent 
shortcomings of the schema itself. Although these failings 
may limit the utility of the Montreal classification in clinical 
trials and disease management, advances in determining the 
genetic linkages associated with Crohn’s disease will even-
tually lead to a classification system that combines genotype 
and phenotype characteristics. In order to improve clinical 
utility, a classification system specific for perianal Crohn’s 
disease has been described and is shown in Table 30-2.17

Symptoms and Signs

The symptoms and signs of patients suffering from Crohn’s 
disease can vary depending upon multiple factors that include 
the anatomic location and behavior of the disease. Chronic 
diarrhea is the most common presenting symptom and is 
defined as a decrease in fecal consistency for more than 6 
weeks to adequately differentiate this from self-limited 
infectious diarrhea. Abdominal pain and weight loss are seen 
in about 70% and 60% of patients before diagnosis, respec-
tively. Blood or mucus in the stool can be seen in 40–50% of 
patients with Crohn’s disease of the colon, but is unusual in 
patients with ileal or isolated upper gastrointestinal disease. 

Table 30-1. Montreal classification system of Crohn’s disease14

Age of diagnosis A1 <16 years
A2 17–40 years
A3 >40 years

Location L1 Ileal
L2 Colonic
L3 Ileo-colic
L4 Isolated upper

Behavior B1 nonstricturing nonpenetrating
B2 Stricturing
B3 Penetrating
P Perianal disease
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The most common of the recognized extra-intestinal mani-
festations, are abnormalities involving the axial and periph-
eral joints of the musculoskeletal system, which are most 
frequently seen when Crohn’s disease affects the colon.18

Diagnosis

The initial diagnosis of Crohn’s disease is based on an amal-
gamation of clinical, laboratory, imaging, endoscopic, and 
histologic findings. Although no single diagnostic test pro-
vides an unequivocal verdict, differing studies used in varying 
combinations can usually provide the information required 
to diagnose Crohn’s disease. Accordingly, the current view 

is that the diagnosis is established by a defined combination 
of findings from clinical presentation, radiology, endoscopy, 
surgery, histology, and perhaps serology. Lennard-Jones and 
colleagues19 were among the first to define macroscopic and 
microscopic criteria required to establish the diagnosis.

With evolving therapies that now allow physicians and 
surgeons to effectively treat nearly all forms of Crohn’s dis-
ease, the success of these treatments depends upon the clini-
cian’s ability to recognize the extent and nature of disease. 
Therefore, the investigative studies must not only correctly 
identify the diagnosis of Crohn’s disease, but also accurately 
assess its location, behavior, and severity. This knowledge is 
especially important in many scenarios such as distinguish-
ing colonic Crohn’s disease from ulcerative colitis and other 
colitides, inflammatory sites of narrowing from fibrotic 
strictures, intra-abdominal abscesses from phlegmons, and 
complex fistulas from simple fistulas.

A thorough history and physical examination might sug-
gest the form of disease as earlier suggested, but laboratory 
testing can help identify patients with complicating disor-
ders, such as anemia, inflammation, or malnutrition, or 
monitor response to therapy. Anemia and thrombocytosis 
represent the most common changes in the complete blood 
count in patients with Crohn’s disease.18 The C-reactive pro-
tein (CRP) and erythrocyte sedimentation rate (ESR) are 
standard laboratory surrogates of the acute phase response to 
inflammation. CRP broadly correlates with disease severity 
as assessed by standard indices, and the CRP level can be 
monitored to measure serial changes in inflammatory activ-
ity because of its relatively short half-life of 19 hours.20,21 
The ESR less accurately measures intestinal inflammation 
because it reflects changes in both plasma protein concentra-
tion and packed cell volume. Although the ESR level par-
allels disease activity, it better correlates with colonic than 
with ileal disease.22

The usage of imaging studies has greatly expanded in 
recent years with the advent of computed tomographic 
(CT) enterography and enteroclysis. These modalities dif-
fer from standard CT imaging of the abdomen and pelvis 
by using intraluminal bowel distention with neutral enteric 
contrast, mutidetector CT with narrow slice thickness and 
reconstruction interval, and intravenous contrast adminis-
tration followed by delayed scans that optimize bowel wall 
enhancement (Figure 30-1). CT enterography has largely 
supplanted barium examinations because the CT study is 
more sensitive and allows improved visualization of small 
bowel loops within the pelvis.23 Contrast-enhanced magnetic 
resonance imaging (MRI) enterography and enteroclysis 
also accurately display bowel wall changes in early Crohn’s 
disease and appear to provide results comparable to those 
seen with CT studies without the risk of exposure to ion-
izing radiation.23 Similar to the advances seen with imaging 
studies, endoscopic evaluation techniques have evolved from 
traditional ileocolonoscopy and esophagogastroduodenos-
copy to now include capsule endoscopy and double-balloon 

Table 30-2. Perianal Crohn’s disease activity index17

Feature Score

Abscess
None or 0
First occurrence, single abscess or 1
First occurrence, multiple abscesses or 3
First recurrence, single or multiple abscesses or 4
Multiple recurrence, single or multiple abscesses 5
Maximum abscess score 8

Fistula
None 0
Short-term (<30 days) fistula or 1
Long-term (>30 days) fistula or 2
Persistent postsurgery fistula or 3
Recurrent fistula 3
Multiple fistulas 3
Rectovaginal/rectourethral fistula or 4
Recurrent rectovaginal/rectourethral fistula 6
Maximum fistula score 14

Ulcer and fissure
None 0
Short-term (<30 days) ulcer/fissure or 1
Long-term (>30 days) ulcer/fissure or 2
Single ulcer/fissure or 1
Multiple ulcers/fissures 2
Maximum ulcer/fissure score 4

Stenosis
None 0
Short-term (<30 days) stenosis or 1
Long-term (>30 days) stenosis 2
Recurrent stenosis 4
Maximum stenosis score 6

Incontinence score
No incontinence or 0
Incontinence score of 1–6 or 1
Incontinence score of 7–14 or 3
Incontinence score >14 5
Maximum incontinence score 5

Concomitant diseasea

None or 0, 0, 0
Moderate or 3, 2, 1
Severe 4, 3, 2
Active fistula 4, 3, 2
Maximum concomitant disease score 18

aScores are for rectal, colonic, and small-bowel disease, respectively.
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 enteroscopy, which allow visualization of small bowel that 
was previously impossible to view.

Microscopic features can be only partly judged on mucosal 
biopsy, but completely assessed on an operative specimen. 
The diagnosis of Crohn’s disease typically depends on the 
finding of discontinuous and often granulomatous intestinal 
inflammation. The European Crohn’s and Colitis Organi-
zation recently offered a consensus statement detailing the 
microscopic features required for the histologic diagnosis of 
Crohn’s disease based upon findings associated with endo-
scopic biopsies and surgical specimens.18

Natural History

A recent comprehensive review of the natural history of 
Crohn’s disease revealed that patients’ initial presentations 
are equally distributed among ileitis, colitis, and ileocolitis, 
and the disease location remained relatively stable over time 
as earlier discussed.24 Conversely, the majority of patients 
have nonstricturing, nonpenetrating disease at the time of 
diagnosis, but tend to evolve into a stricturing or penetrating 
phenotype over their lifetime.

Prior to the wide-spread usage of immunomodulators 
and introduction of biologic agents, approximately 1% of 
patients suffered continually active disease, 10% enjoyed 
prolonged remission, and one-half experienced a full year 
of remission within 3 years of diagnosis, but surgery was 
commonly required to achieve remission.24 It is too early to 
accurately understand how advancements in medical therapy 
have impacted long-term disease activity and relapse rates.

Before the current medication era, steroids were  prescribed 
to nearly one-half of patients at some time during the course 
of their disease. Nonresponders, sustained responders, and 
steroid-dependent responders comprised approximately one-
fifth, one-third, and one-third of the patients receiving ste-
roids, respectively, and one-third of patients required surgery 
despite treatment with steroids.24 However, it is important to 

recognize that, the cumulative risk for surgery within 10 years 
of diagnosis is 40–55% and the risk of a second operation 
has been estimated to be 16%, 28%, and 35% at 5, 10, and 
15 years following the initial procedure, respectively.25

Among unselected patients with Crohn’s disease in a sys-
tematic review and meta-analysis of population-based studies 
focused on overall and cause-specific standardized mortality 
rates, overall mortality was slightly but significantly higher 
than that seen in the general population.26 Regarding the 
cause-specific mortality, a significantly increased risk of can-
cer death, especially pulmonary cancer, was observed. More-
over, chronic obstructive pulmonary disease, gastrointestinal 
diseases, and genitourinary diseases were more commonly 
implicated as a cause of death in this cohort of patients.

Operative Indications

The indications for operative management of Crohn’s disease 
include acute disease complications, chronic disease compli-
cations, and failed medical therapy. The acute complications 
are hemorrhage, perforation, and severe colitis with or with-
out associated megacolon, whereas the chronic disease com-
plications include extra-intestinal manifestations, growth 
retardation, and neoplasia. Failed medical therapy can take 
several forms, including unresponsive disease, incomplete 
response, medication-related complications, and noncompli-
ance with medication.

Hemorrhage

Crohn’s disease may be responsible for life-threatening 
lower gastrointestinal hemorrhage and even exsanguination, 
but fortunately this complication infrequent.28 More com-
monly, entities unrelated to disease involvement, including 
peptic ulcer disease and gastritis, may precipitate intestinal 
bleeding. Accordingly, gastric aspiration and possibly esoph-
agogastroduodenoscopy are required to exclude sources 
of hemorrhage indirectly associated with Crohn’s disease. 
The principal management of disease-related hemorrhage 
is determined by the severity and persistence of bleeding as 
well as the risk for recurrence. Localization of the bleeding 
site is essential regardless the planned therapy.27 In a stable 
patient with colonic disease, endoscopic evaluation is pre-
ferred because this approach allows for disease assessment 
and therapeutic attempts at control of the identified bleed-
ing site. However, indiscriminate usage of colonoscopy for 
bleeding colitis should be discouraged because this form of 
hemorrhage typically accompanies severe colitis, and colec-
tomy with ileostomy is advised in this instance, regardless of 
the endoscopic findings.

A patient who requires ongoing resuscitation to maintain 
hemodynamic stability or in whom a small bowel source 
of active bleeding is suspected should undergo emergent 

Figure 30-1. CT enterography.
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mesenteric angiography to localize the source of hemorrhage  
and arrest ongoing bleeding through superselective angio-
graphic embolization.28 If the hemorrhage is localized but 
cannot be controlled by this interventional modality, the 
catheter is left in position and intra-operative angiography 
is performed to accurately identify the bleeding site and 
guide a limited bowel resection.29 Otherwise, wide resection 
might be unnecessarily performed to manage hemorrhage 
from a small ulcerated area within an extensive segment of 
diseased bowel.

An operation is warranted if the patient’s hemodynamic 
state cannot be sustained, bleeding persists despite 6 units of 
transfused blood, hemorrhage recurs, or another indication 
for surgery exists. Resection with or without anastomosis 
is usually required for ongoing hemorrhage, whereas intra-
operative enteroscopy with endoscopic therapy might be 
employed in less emergent settings.

Perforation

Free perforation of the small bowel is unusual and typically 
occurs at or immediately proximal to a stricture site.30 The 
most appropriate treatment is resection of the involved bowel 
with or without anastomosis. A primary anastomosis without 
proximal diversion should be typically avoided, especially 
in the setting of delayed treatment, malnutrition, significant 
comorbidity, or severe sepsis. Instead, resection and proxi-
mal ileostomy with or without anastomosis is often recom-
mended because it has an associated mortality rate of 4% 
compared to 41% with simple suture closure alone.31 Perfo-
ration of the colon is also rare and typically requires subto-
tal colectomy for optimal management as these cases often 
occur in the setting of severe colitis or steroid usage.32

Severe Colitis

Severe colitis occurs in 4–6% of patients with colonic 
Crohn’s disease and is a potentially fatal complication par-
ticularly if accompanied by megacolon. While several meth-
ods exist to accurately identify severe colitis, one reasonably 
simple schema employs a definition that includes a disease 
flare accompanied by at least six or more bloody stools per 
day with evidence of systemic toxicity as demonstrated 
by anemia (<10.5 g/dL), elevated ESR (>30 mm/h), fever 
(>37.8°C), or tachycardia (>90 beats/min). Use of this rela-
tively objective definition may aid in the diagnosis and care 
of these patients whose severe condition can be underappre-
ciated because of high dosages of corticosteroids, immuno-
modulators, or biologic agents.

Initial management in this setting is directed at reversing 
physiologic deficits with intravenous hydration, correction of 
electrolyte imbalances, and blood product transfusions. Free 
perforation, increasing colonic dilatation, massive hemor-
rhage, peritonitis, and septic shock are indications for emergent 
operation after the patient has been adequately resuscitated. 

In the absence of these features, stool studies are performed 
to exclude routine pathogens and Clostridium difficile as the 
cause of the acute flare. Gentle endoscopy can be used to 
judge the severity of disease, which potentially predicts the 
likelihood of treatment response. Furthermore, cautious endo-
scopic biopsies and serum studies are used to exclude cyto-
megalovirus as a cause of the fulminant symptoms.

For a presumed diagnosis of severe colonic Crohn’s disease, 
medical therapy is initiated with high dosages of intravenous 
corticosteroids, immunomodulators, and/or biologic agents.33 
Broad spectrum antibiotics directed against intestinal flora 
are prescribed to minimize the risk of sepsis secondary to 
transmural inflammation or micro-perforation. Anticholin-
ergics, antidiarrheals, and narcotics are avoided as they may 
worsen already impaired colonic motility or conceal ominous 
symptoms. The patient is closely observed with serial exami-
nations and abdominal roentgenograms. Any worsening of 
the clinical course over the ensuing 24–72 h mandates urgent 
operation. Early surgical intervention before the occurrence 
of perforation typically avoids the onset of multiple organ 
dysfunction syndrome. Moreover, this approach reduces 
operative mortality rates to 2–8% compared to rates that 
approach 40% if perforation has occurred.34

If the patient minimally improves after approximately 
5 days of conventional therapy, the medical therapy should be 
altered and hyperalimentation started if the patient is other-
wise unable to maintain adequate nutritional requirements or 
surgery should be advised. No controlled data exists related 
to treatment with ciclosporin, tacrolimus, infliximab, or 
adalimumab in this setting.35 Therefore, the clinician should 
be candid when counseling the patient about the potential 
risks and benefits associated with medication versus surgery. 
The medication’s associated risk of treatment failure and 
serious opportunistic infections should be carefully weighed 
against the likelihood of operative complications or requir-
ing a permanent ileostomy.36 If medical therapy is pursued, 
patients not responding within 5–7 days should be referred 
for surgery, patients who do respond should be closely moni-
tored for infections.

The principal operative options in patients with severe or 
fulminant colitis complicating Crohn’s disease include sub-
total colectomy with end ileostomy, total proctocolectomy 
with end ileostomy, and loop ileostomy with decompressive 
blowhole colostomy. Subtotal colectomy with end ileostomy 
is the most widely practiced of these options. The most dif-
ficult aspect of the surgery is managing the distal bowel 
stump. The distal limb may be closed with sutures or staples 
and left in the pelvis. Alternatively, if left sufficiently long, it 
can be delivered to the anterior abdominal wall where it can 
lie without tension in the subcutaneous fat of the lower mid-
line wound. With this approach, dehiscence of the closure 
during the postoperative period results in a mucous fistula 
instead of a pelvic abscess as encountered when the closed 
stump is left within the peritoneal cavity. If the bowel wall 
is too friable to hold sutures or staples, a mucous fistula is 
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primarily created. Rarely, instead of creating the fistula, 
the rectosigmoid stump must be exteriorized and wrapped 
in gauze to prevent retraction with a mucous fistula safely 
fashioned in 7–10 days.

Postoperatively, the patient typically improves over the 
ensuing few days and can be typically discharged within a 
week of the operation. An ileoproctostomy can be recom-
mended 6 months later in selected persons who demonstrate 
minimal mucosal inflammation, adequate rectal compliance, 
absence of significant perianal disease, and sufficient sphinc-
ter strength. Otherwise, the diseased rectum is left in place 
and the patient is counseled about the risk of neoplasia and 
the need for appropriate surveillance endoscopy.37 In these 
individuals, proctectomy is usually recommended if disease-
related symptoms prove to be too bothersome, neoplasia is 
identified, surveillance is limited because of stricturing, or 
abdominal surgery is warranted for other reasons. Disease-
related symptoms are likely to occur in patients with prior 
perianal disease and proctectomy is often required within the 
first few postoperative years.36,38

Proctocolectomy with end ileostomy is rarely performed 
in the severely ill patient with severe colitis because of 
the excessive rates of morbidity and mortality.39,40 Proc-
tectomy increases the difficulty of the procedure and risks 
pelvic bleeding as well as autonomic nerve damage. In rare 
instances of profuse colorectal hemorrhage or rectal perfora-
tion, or in the less severely ill patient who would not be a 
candidate for future ileoproctostomy, proctocolectomy may 
be a viable option. The surgeon must be cautioned, however, 
that primary proctocolectomy would nullify the option of a 
future restorative procedure.

The need for loop ileostomy combined with decompression 
blowhole colostomy has virtually disappeared with improved 
medical recognition and more sophisticated management of 
severe colitis. The operation is still useful in extremely ill 
patients or those in whom colectomy would be especially 
hazardous such as patients with a contained perforation, high-
lying splenic flexure or pregnancy. Contraindications to the 
procedure include colorectal hemorrhage, intra-abdominal 
abscess, and free perforation. The operation is considered 
only a temporizing procedure, and a definitive operation is 
commonly performed approximately 6 months later.

Extra-intestinal Manifestations

Extra-intestinal manifestations of Crohn’s disease occur in 
nearly 30% of patients with Crohn’s disease and the occur-
rence of one manifestation seems to predispose to others.41,42 
Some extra-intestinal manifestations are temporally related 
to intestinal Crohn’s disease activity, while others follow 
a course independent of disease activity. Some forms of 
peripheral arthritis, episcleritis erythema nodosum, and oral 
aphthous ulcers typically belong in the former group, while 
primary sclerosing cholangitis, pyoderma gangrenosum, 
spondylarthropathy, and uveitis are characteristic of the latter. 
Other disorders such as cholelithiasis, metabolic bone disease, 

and nephrolithiasis are disease complications that likely arise 
from altered intestinal function or medication usage.

Growth Retardation

Abnormal linear growth secondary to delayed skeletal matu-
ration is frequently encountered in children and adolescents 
with Crohn’s disease, especially children with upper gastro-
intestinal disease.43 Specifically, nearly one-half of children 
may have a subnormal height velocity and approximately 
one-quarter have short stature.43,44 Fortunately, surgical resec-
tion is often accompanied by growth response and pubertal 
progression.

Neoplasia

Overall, persons with Crohn’s disease are at increased risk 
for developing cancer compared to the general population. In 
a recent meta-analysis45 that identified 34 studies of 60,122 
patients with Crohn’s disease, the incidence and relative risk 
of cancer were calculated for patients with Crohn’s disease 
and compared with the baseline population of patients with-
out Crohn’s disease. The relative risk of small bowel, colorec-
tal, extra-intestinal cancer, and lymphoma compared with 
the baseline population was 28.4 (95% CI: 14.46–55.66), 
2.4 (95% CI: 1.56–4.36), 1.27 (95% CI: 1.1–1.47), and 1.42 
(95% CI: 1.16–1.73), respectively. On subgroup analysis, 
patients had an increased risk of colon cancer, but not of rec-
tal cancer. Furthermore, a significant association was noted 
between the anatomic location of the diseased bowel and the 
risk of cancer in that segment.

The first endoscopic surveillance case series in patients 
with colonic Crohn’s disease included patients with one-third 
or more of the colon involved by disease.46 In this study, 259 
patients were entered into a surveillance colonoscopy pro-
gram. Dysplasia or cancer was identified in 16% of patients, 
including 10 with indefinite dysplasia, 23 with low-grade 
dysplasia, 4 with high-grade dysplasia, and 5 with cancer. 
Subsequent follow-up to this study, reported the cumulative 
risk of detecting any positive dysplasia or cancer after a neg-
ative screening colonoscopy to be 25% by the tenth surveil-
lance examination.47 Accordingly, it is recommended that 
patients with Crohn’s disease with one-third or more of the 
colon involved and 8 years or more of chronic colitis should 
be enrolled in an endoscopic surveillance program.46–49 The 
finding of multifocal low-grade dysplasia, high-grade dys-
plasia, or invasive cancer would likely warrant review by 
a second experienced pathologist and confirmation would 
prompt a colectomy.

Patients with primary sclerosing cholangitis are a notable 
exception to the practice of limiting surveillance to patients 
with 8 or more years of disease because of the heightened 
risk of colorectal cancer in these patients. Accordingly, 
yearly surveillance is recommended after a diagnosis of pri-
mary sclerosing cholangitis is made in the background of 
colonic Crohn’s disease.
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Failed Medical Therapy

Probiotics, antibiotics, 5-aminosalicylate compounds, cor-
ticosteroids, immunomodulators, and biologic agents all 
play a potential role in the management of Crohn’s disease 
depending upon the clinical presentation. Each medica-
tion within these therapeutic groups possesses appropriate 
dosing parameters, associated side effects, and an optimal 
time interval during which beneficial effects should appear. 
Prior to initiating treatment with any medication, the patient 
should be counseled about these features and objective crite-
ria for disease response should be discussed and then sought 
after an established time interval. If the desired response is 
not achieved, prohibitive side effects arise, or noncompli-
ance is problematic, the medication has failed and another 
medication should be trialed. When all appropriate medi-
cal therapy has failed, operative intervention is warranted. 
The continuation of ineffective medical management risks 
the development of further disease complications that may 
detrimentally impact surgical outcome. Alternatively, some 
patients request an operation before exhausting all avail-
able medical therapies. A recent survey of outpatients with 
Crohn’s disease, gastroenterologists, and colorectal surgeons 
underscores this attitude.50 All participants were interviewed 
to quantify their preferences for six scenarios by using a 
prospective preference measure, and significant differences 
were seen between patients and gastroenterologists for three 
of six scenarios. Overall, 76% of gastroenterologists were 
willing to gamble to avoid an ileocolic resection compared 
with only 37% of colorectal surgeons and 39% of patients.

Operative Considerations

Some fundamental observations that must be considered 
when operating for Crohn’s disease are as follows:

Crohn’s disease is incurable;•	
Surgery is most often indicated for intestinal complications;•	
Operative options are influenced by myriad factors;•	
Asymptomatic disease should be ignored;•	
Nondiseased bowel can be affected;•	
Resection margins should be conservative (2 cm) as only •	
a grossly normal and not microscopically normal margin 
is necessary;
Mesenteric division can be difficult.•	

Crohn’s disease is a chronic inflammatory disorder that 
cannot be cured by medical therapy or operative intervention. 
Accordingly, therapy focuses on safely alleviating disease 
symptoms and restoring life quality while attempting to main-
tain continuity of the intestinal tract. Of the various operative 
indications, intestinal complications, including stricturing 
or penetrating disease that is unresponsive to medical ther-
apy, constitute the bulk of the indications, and the operative 
options depend upon multiple variables, including patient age, 
anatomic location, disease behavior, symptoms, prior thera-
pies, nutritional status, comorbid conditions, and associated 

sepsis. The patient’s symptoms are especially important 
because the disease encountered at the time of surgery is 
often unanticipated despite preoperative evaluation.51 In these 
instances, the findings must be compared to the presenting 
symptoms and signs, and any extensive disease that does not 
appear to be contributing to symptoms should be typically 
ignored. Exceptions to this axiom include the management 
of out-of-circuit bowel and short, uncomplicated small bowel 
strictures, which should be addressed in most patients.

Nondiseased bowel can be affected by the disease process 
through inflammatory adhesions or internal fistulas. Every 
attempt should be made to conserve the nondiseased bowel, 
although this goal can be especially difficult when managing 
enteroparietal or interloop abscesses. Most internal fistulas 
are best managed by wedge excision and primary closure of 
the fistula site in the secondarily affected small bowel. How-
ever, a short segmental resection with primary anastomosis 
may be required for fistulas targeting the rectosigmoid region 
as these often enter the bowel at the mesenteric margin and 
simple wedge excision may be vulnerable to dehiscence of 
the suture line.52,53

Small bowel disease is best identified by digital palpation 
because the earliest feature of luminal disease is mesenteric 
ulceration, which corresponds to areas of paraintestinal neo-
vasculature that obscure the normally distinct mesenteric 
edge of the bowel wall. In other words, the small bowel 
lumen will be macroscopically free of disease if the mes-
enteric margin can be palpated (Figure 30-2). Conversely, 
the extent of large bowel involvement is best determined by 
endoscopic inspection of the mucosa. Regardless the site of 
involvement, the bowel can be divided with a limited (2 cm) 
margin of grossly normal bowel without significantly jeop-
ardizing risk for recurrent disease.54 Frozen section analysis 
has no role and microscopic finding of disease at the margin 
need not necessitate any additional surgical intervention.

The disease process also typically causes the mesentery to 
be quite friable and abnormally thickened secondary to tissue 

Figure 30-2. Mesenteric thickness associated with intestinal disease.
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edema, fat deposition, and nodal enlargement. Mesenteric 
thickening near the vessel origin can make identification, 
isolation, and division of the ileocolic, middle colic, or infe-
rior mesenteric vessels quite challenging and associated with 
dire consequences. Furthermore, the vasculature of diseased 
jejunum or proximal ileum cannot be ligated near its origin 
because of concerns of devascularizing  nondiseased bowel 
that would mandate a more extensive intestinal resection.

Operative Options

The surgical procedures performed for intestinal Crohn’s 
disease can be divided into groups depending upon whether 
resection of an intestinal segment is performed. The non-
resectional procedures include internal bypass, external 
bypass, and strictureplasty, whereas the resectional proce-
dures include resection of bowel. Patients often undergo 
multiple procedures at the time of their single operation 
and these can be a combination of nonresectional as well as 
resectional procedures.

Internal Bypass

Internal bypass was the procedure of choice in the early days 
of surgery for Crohn’s disease when mortality rates associated 
with resection were high because of the lack of transfusion 
technology, antimicrobial medications, adequate anesthetic 
agents, and nutritional support services. However, with the 
advent of these modalities and recognition of complications, 
such as recrudescent disease, mucoceles, and malignancy 
arising in diverted segments, this procedure was largely aban-
doned. However, bypass operations may still be reasonable 
or even desirable in specific highly unique circumstances. 
A complicated ileocecal phlegmon with dense attachment to 
the iliac vessels or retroperitoneum can be aptly managed by 
an exclusion bypass if the proximal end of the excluded ileal 
segment is exteriorized as a small mucus fistula and definitive 
resection is planned to subsequently occur. Continuity bypass 
is sometimes the preferred method of managing symptomatic 
gastroduodenal Crohn’s disease that is refractory to medical 
treatment, where resection would entail extensive reconstruc-
tion of the upper intestinal tract or pancreaticobiliary system.

External Bypass

External bypass can be permanent or temporary. Many of the 
stomas created to permanently bypass unresected disease fail 
to control symptoms secondary to the out-of-circuit bowel, 
and resection is ultimately warranted. High complex fistulas 
and deep ulcerations are among the disease characteristics 
likely to mandate proctectomy with permanent ostomy for 
persistent disease symptoms despite fecal diversion.55 Simi-
larly, temporary diversion intended to heal distal disease or 
its sequelae is usually unsuccessful unless combined with a 
secondary procedure, such as a rectal mucosal advancement 

flap that directly addresses the problem.56 Even for free per-
foration of the small bowel, exteriorization of the proximal 
bowel alone is rarely the procedure of choice.

Strictureplasty

The incurable and pan-intestinal nature of Crohn’s disease 
has led to a more conservative operative approach. Intestinal 
conservation may be maximally achieved for patients with 
multiple strictures of the small bowel by surgically widening 
the narrowed segment by performing a strictureplasty. This 
technique was initially described by Katariya57 for the suc-
cessful treatment of tubercular small bowel strictures, and 
later utilized in strictures secondary to Crohn’s disease.58 
The procedure safely relieves obstructive symptoms59–62 with 
the operated patients demonstrating weight gain accompa-
nied by improved food tolerance as well as discontinuation 
or reduction of steroid usage.63 Although patients undergo-
ing strictureplasty alone experience significantly shorter 
recurrence-free survival than those undergoing resection and 
tend to be more likely to develop surgical recurrence, the 
procedure still plays a prominent role in the management of 
patients with small bowel Crohn’s disease.61

The situations for which strictureplasty may be consid-
ered are:

Diffuse involvement of the small bowel with multiple •	
strictures;
Stricture(s) in a patient who has undergone previous major •	
resection(s) of small bowel (>100 cm);
Rapid recurrence of Crohn’s disease presenting as an •	
obstruction;
Stricture in a patient with short bowel syndrome;•	
Nonphlegmonous fibrotic stricture.•	

The contraindications to strictureplasty are:

Free or contained perforation of the small bowel;•	
Phlegmonous inflammation, internal fistula, or external •	
fistula involving the affected site;
Multiple strictures within a short segment;•	
Stricture in close proximity to a site chosen for resection;•	
Hypoalbuminemia (<2.0 g/dL).•	

Multiple strictures in a patient with an albumin value 
<2.5 g/dL, preoperative weight loss, or advanced age may 
be regarded by some as a situation where strictureplasty 
should be avoided because of concerns of sepsis, but a proxi-
mal diverting stoma with multiple strictureplasties should 
be considered in this instance.60 Factors that do not appear to 
be associated with increased operative risk include perfora-
tive or phlegmonous disease remote from the strictureplasty 
site, steroid dosage, synchronous resection, number of stric-
tureplasties, and length of stricture.

The length of the strictured segment dictates the type of 
strictureplasty technique utilized (Figure 30-3). Short (<10 cm) 
strictures are best managed by a Heineke-Mickulicz-type of 
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Figure 30-3 Strictureplasty techniques.
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strictureplasty, while medium length (10–20 cm) strictures 
can be corrected by a Finney-type strictureplasty.62 Long 
(>20 cm) strictures are best managed by a side-to-side iso-
peristaltic strictureplasty.64 Regardless the technique, the 
bowel is incised along its antimesenteric margin extend-
ing 1–2 cm beyond the diseased segment, which is iden-
tified by the presence of mesenteric ulceration. Biopsy 
of any suspicious mucosa is performed to exclude carci-
noma65 and closure is achieved using an absorbable suture 
in a one- or two-layer fashion. The mesentery at each of 
the  strictureplasty sites is then labeled with metallic clips 
to allow discrimination among the multiple sites in the 
unlikely event that postoperative hemorrhage occurs. Selec-
tive mesenteric angiography with intra-arterial vasopressin 
infusion controls most bleeding episodes, but the radio-
opaque metal clips help avoid the need to open each of the 
strictureplasty sites to localize the bleeding site if reopera-
tion is required.66

Many centers have safely and successfully employed a 
Finney-type strictureplasty for the the treatment of recurrent 
terminal ileal disease with the anastomosis created between 
the terminal ileum and proximal colon.67–69

Resection

The basic principles of resection should be followed whether 
an open or laparoscopic approach is utilized, and include 
mobilization of both diseased intestine as well as sufficient 
nondiseased bowel to facilitate the subsequent creation of a 
tension-free anastomosis or construction of an ostomy. Exten-
sive mobilization may facilitate operations for terminal ileal 
disease complicated by fused ileal loops or a phlegmonous 
mass adherent to matted loops of small bowel, omentum, or 
retroperitoneal structures. Delivery of the ascending colon 
and terminal ileum into the wound or to the anterior abdomi-
nal wall enables separation of the involved intestinal loops 
and permits closer inspection to determine which segments 
require resection. Enteric fistulas commonly originate from 
diseased bowel that communicates with nondiseased intes-
tine. While the primary site usually requires resection, the 
secondarily affected bowel segments are typically treated by 
conservative wedge excision and simple closure of the resul-
tant defect or sometimes closure without wedge resection. 
The diseased bowel should be resected with conservative 
margins and the mesentery divided using the methods later 
described. The specimen should be opened after it has been 
delivered from the operative field to assure macroscopic dis-
ease-free resection margins.

After the diseased bowel has been resected, the surgeon 
must decide whether to create an end stoma, an anastomosis, 
or a diverted anastomosis. In general, an end stoma is desir-
able in patients who are critically ill, have fecal peritonitis, 
or suffer from coagulopathy. An anastomosis can be safely 
created in most other instances assuming a few general 
principles are respected specifically:

Adequate blood supply must be assured;•	
Tension or torsion are unacceptable;•	
Luminal size needs to be equivalent;•	

A temporary diverting stoma should be considered to protect 
the anastomosis in instances of incompletely drained sepsis, 
excessive blood loss following a long operation, severe hypoal-
buminemia (<2.5 g/dL), or significant immunosuppression.

Disease Locations

The operative approach to Crohn’s disease is predicated upon 
many variables, including disease location and the particular 
nuances introduced by features unique to that location. The 
various disease locations include ileal, colonic, ileocolonic, 
upper gastrointestinal, and perianal disease.

Ileal Disease

Terminal ileal disease is defined as disease limited to the lower 
third of the small bowel with or without cecal involvement. 
Approximately one-third of patients with Crohn’s disease 
express this phenotype, and usually present with symptoms 
suggestive of inflammation or obstruction. In the majority of 
cases, resection with construction of an ileal-ascending colon 
anastomosis is feasible and desirable. All nondiseased ascend-
ing colon should be preserved to provide the largest possible 
surface area for water absorption and to avoid a complex fis-
tula involving retroperitoneal structures and a perianastomotic 
recurrence that overlies the second portion of the duodenum.

With mesenteric division, managing the small bowel 
vessels with simple ties can be catastrophic because the 
transected vessels might retract into the thickened mesentery 
and the resultant hematoma can rapidly dissect to the root 
of the superior mesenteric vessels; control of this bleeding 
potentially results in excision of extended lengths of nondis-
eased small intestine. Instead, clamps and suture ligatures 
should be applied in an overlapping fashion to best assure 
adequate hemostasis (Figure 30-4). Enlarged lymph nodes 
should be included in the excised specimen, unless extirpa-
tion of these nodes risks damage to the vessels associated 
with nondiseased intestine. On occasion and contingent upon 
the thickness and rigidity of the mesentry and the surgeons 
expertise, one of the newer energy sources may be an accept-
able means of achieving vascular control.

Following operations for terminal ileal disease, the neo-
terminal ileum tends to be the usual site of disease recur-
rence. Accordingly, many surgeons have hypothesized the 
anastomotic configuration and materials can influence recur-
rence. A recent meta-analysis reviewed outcomes associ-
ated with an end-to-end anastomosis and other anastomotic 
configurations after intestinal resection for patients with 
Crohn’s disease.70 The anastomotic leak rate was signifi-
cantly reduced with a side-to-side anastomosis compared 
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to an end-to-end anastomosis and persisted when studies 
included only ileocolostomies. Overall postoperative com-
plications, complications other than anastomotic leak, and 
postoperative hospital stay were significantly reduced in the 
side-to-side anastomosis group versus the end-to-end anas-
tomosis cohort. Furthermore, no significant difference was 
noted between the groups in perianastomotic recurrence and 
reoperation needed because of perianastomotic recurrence.

A separate review of the literature comparing stapled 
side-to-side ileocolostomy versus hand-sewn anastomosis 
concluded the stapled anastomosis is associated with fewer 
leaks than the hand-sewn anastomosis, but too few patients 
with Crohn’s disease were included to allow subgroup analy-
sis.71 A more recent randomized trial found no difference in 
the leak or complication rates associated with a stapled side-
to-side versus hand-sewn end-to-end anastomosis in patients 
with Crohn’s disease undergoing ileocolostomy.72 Regard-
less, it is important to utilize a hand-sewn technique when 
the bowel wall is abnormally thickened because the stapling 
instruments are not designed to safely construct an anasto-
mosis under these conditions.

Some centers have adopted an approach to terminal ileal 
disease whereby they avoid bowel resection by creating a 
large Finney-type ileocolostomy encompassing the entirety 
of the diseased bowel.68,73 Interestingly, subsequent endo-
scopic and imaging studies have revealed complete morpho-
logic disease regression.

Terminal ileal disease with sparing of the ileocecal valve 
and cecum is ideally treated with resection and enteroen-
terostomy provided there is sufficient length (5–7 cm) of 
normal-appearing distal ileum after definitive ileal resection. 
Preservation of the ileocecal valve helps to minimize the risk 
of postoperative diarrhea. In many instances, a hand-sewn 
anastomosis is preferred because the distal segment may be 
too short to accommodate a stapled anastomosis.

Laparoscopic resection can be employed with usually com-
parable or improved results compared to open surgery. A recent 
meta-analysis74 reviewed laparoscopic versus open ileocolic 
resection for Crohn’s disease involving 783 patients, 338 of 
whom underwent laparoscopic resection. The overall conver-
sion rate was relatively low at 6.8%, but many studies excluded 
patients with recurrent disease, multiple disease sites, fixed 
masses, or complex fistulas. Although the operative time was 
significantly longer in the laparoscopic group, total costs of 
hospitalization were comparable. Analysis of early postopera-
tive complications found no significant difference between the 
groups in terms of bowel obstruction, chest infection, intra-
abdominal abscess, postoperative anastomotic leak, or wound 
infection. Times to the first liquid and solid diets, times to the 
first flatus and bowel movement, and hospital stay were all sig-
nificantly shorter in the laparoscopic group compared to the 
open group. Many centers have also described good results with 
laparoscopic resection of complex disease, including recurrent 
disease, multifactorial disease, fistulas, and abscesses, showing 
that such an approach is both feasible and safe.75–77

Long-term monitoring suggests that patients undergoing 
laparoscopic resection are not at any greater risk for disease 
recurrence than those undergoing an open resection.78–80 In 
one series, however, only one-half of the recurrences occur-
ring after laparoscopic ileocolic resection and one-third of 
recurrences following open ileocolic resection were amena-
ble to successful treatment using laparoscopic techniques.78

Colonic Disease

Colonic disease is any colon involvement between the cecum 
and rectum without terminal ileal disease. Nearly one-third 
of patients suffer from this disease distribution, and often 
complains of inflammatory disease symptoms, including 
abdominal cramping, bloody diarrhea, and urgency.

Figure 30-4. Ligation of thickened 
mesentery.
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Persons presenting with segmental disease are best treated 
with segmental resection to protect against dehydration 
and electrolyte imbalances associated with loss of the large 
intestine’s physiologic role. A meta-analysis81 comparing 
segmental colectomy to subtotal/total colectomy revealed no 
significant difference between the groups regarding the inci-
dence of postoperative complications, disease recurrence, or 
need for a permanent stoma. However, the time to recurrence 
was shorter in the segmental resection group by 4.4 years and 
patients with two or more affected colonic segments tended 
to be best treated by subtotal or total colectomy.

In patients with disease limited to the ascending colon, 
the transverse colon is divided at the level of the middle 
colic vessels so that the mesenteric root naturally sepa-
rates the anastomosis from the retroperitoneum, minimiz-
ing the risk for recurrent disease complicated by complex 
fistulas. Alternatively, a more proximal anastomosis may 
be wrapped with a pedicle of omentum, thereby prevent-
ing the anastomosis from lying in direct contact with the 
retroperitoneum. Disease involving the ascending and 
transverse colon is treated in a similar manner except an 
extended right colectomy is recommended as the mesentery 
of the ileum is more easily approximated to the mesentery of 
the sigmoid colon than the descending colon. Resection 
of the additional colonic segment avoids an internal her-
nia and does not adversely affect the functional outcome. 
Crohn’s disease of the transverse, descending, or sig-
moid colon presents a situation where segmental resection  
and colocolonic or colorectal anastomosis is most com-
monly employed. Resection with coloproctostomy is used 
for patients with left-sided disease, and a cecorectal anasto-
mosis is constructed if the transverse colon is also involved. 
In younger patients and those without prior small bowel 
resection, the diseased segment and uninvolved proximal 
colon are resected and an ileosigmoid or ileorectal anasto-
mosis is constructed.

Laparoscopic colectomy can also be safely employed in 
patients with colonic Crohn’s disease. The options for divi-
sion of the larger vascular pedicles of the large bowel include 
laparoscopic staplers, laparoscopic clip appliers, suture lig-
atures, and electrothermal bipolar vessel sealers; ultrasonic 
shears are not commonly recommended for dividing larger 
pedicles. The laparoscopic clip appliers and bipolar thermal 
energy devices can safely manage arteries and veins £7 mm 
in diameter, such as the ileocolic and inferior mesenteric 
vessels, but the thickness of the surrounding tissue that must 
be additionally incorporated may limit the utility of these 
approaches in selected settings. The laparoscopic staplers, 
on the other hand, can manage arteries <17 mm and veins 
<22 mm in diameter, which may be more useful because 
of the surrounding mesenteric tissue.82 However, great care 
must be exercised because if the vessels retract unsealed 
within the thick mesentry, a significant rapidly expanding 
hematoma may occur. Comparing laparoscopic versus open 
colectomy, da Luz Moreira and associates83 reported a con-
version rate of 26% in cohorts well matched for age, gender 

American Society of Anesthesiologists score, type, and year 
of surgery. The incidence of postoperative complications 
was similar between the two groups, but patients treated 
by laparoscopic colectomy trended toward experiencing 
shorter time to first bowel movement and lesser lengths of 
hospital stay.

Colonic strictureplasty has been described for short stric-
tures and appears to be associated with a morbidity rate, 
risk for surgical recurrence, and postoperative quality of life 
comparable to that seen with resection.84 However, given the 
7% incidence of malignancy arising in a colonic stricture,85 
some surgeons argue that resection should be exclusively 
encouraged if all of the outcome measures are comparable.

Patients with extensive colonic involvement, relative rectal 
sparing, and adequate fecal continence without active peria-
nal sepsis or compromised rectal compliance are candidates 
for colectomy with ileoproctostomy. Rectal compliance can 
be subjectively judged by distending the rectum during proc-
toscopy or objectively quantified with anorectal physiology 
testing; patients whose maximum tolerated rectal volume 
measures <150 ml do poorly with an ileoproctostomy.86 
A rare patient presents with pan-colonic disease, signifi-
cant upper rectal involvement, and sparing of the mid- and  
distal-rectum. Resection of all disease in this setting leaves 
an anastomosis only 6–8 cm above the anal verge, and is 
often associated with impaired function secondary to com-
promised compliance. Instead, in very carefully selected sit-
uations an ileal J-pouch can be configured with 10 cm limbs 
and joined to the spared mid-rectum after subtotal procto-
colectomy.87 Despite an increased disease recurrence com-
pared to that seen with total proctocolectomy and ileostomy, 
the patient may enjoy several years without a stoma.

Patients with proctocolitis who warrant operative treatment 
usually require a total proctocolectomy with the creation of 
an end ileostomy, especially those persons with colitis whose 
proctitis, sphincter dysfunction, or perianal sepsis is too severe 
for rectal preservation and ileoproctostomy. If proctectomy 
is required, the entirety of the rectum should be excised in 
a single or staged procedure because of the significant risk 
of cancer developing in the defunct rectal stump despite sur-
veillance proctoscopy.88 An unhealed perineal wound that 
persists 6–12 months following endoanal proctectomy should 
be evaluated to exclude concomitant pyoderma gangreno-
sum, perineal sinus, enteroperineal fistula, and malignancy. 
A simple shallow wound usually responds to repeated wound 
debridement and diligent wound care with vacuum dressings 
and split-thickness skin grafts providing additional benefit. 
Wounds complicated by a perineal sinus or enteroperineal 
fistula require more extensive procedures that often include 
omental, muscle, or myocutaneous flaps.89–91

At least two centers have chosen to offer selected 
patients with Crohn’s disease isolated to the colon and rec-
tum a total proctocolectomy with ileal pouch–anal anas-
tomosis.53,92 They have reported that the rate of Crohn’s 
disease-related pouch excision is 10–15% after 10 years 
of follow-up. Other reports that suggest 45–52% of 



51130. Crohn’s Disease: Surgical Management

patients with Crohn’s disease subsequently require pouch 
excision 10 years following restorative proctocolectomy 
are looking at a cohort that includes patients who develop 
post-IPAA symptoms associated with an increased risk 
for pouch loss.93–95

Ileocolonic Disease

Ileocolonic disease affects the terminal ileum with colonic 
involvement noted distal to the cecum. This disease phenotype 
occurs as commonly as terminal ileal disease, and the opera-
tive approach to these patients is similar to that already outlined 
for individuals with terminal ileal or colon disease. Specifically, 
the surgeon must conserve as much of the nondiseased colon as 
possible and avoid large mesenteric defects. This result might 
require the construction of two anastomoses, which does not 
seem to significantly increase operative morbidity.

Upper Gastrointestinal Disease

Upper gastrointestinal disease is defined as any disease loca-
tion proximal to the terminal ileum occurring in isolation or 
with concomitant disease located elsewhere. This phenotype 
is often the most difficult to manage because of its predilection 
for extensive disease and predominantly stricturing or pen-
etrating behavior.

Small bowel disease proximal to the terminal ileum is 
often typified by several stenotic segments separated from 
one another by noninvolved bowel. These diseased segments 
range in length and can measure >50 cm. The prognosis for 
Crohn’s disease diffusely involving the small bowel is signif-
icantly worse than that of localized disease.96 The operative 
options in a symptomatic patient with diffuse jejunoileitis 
include internal intestinal bypass, strictureplasty, and resec-
tion. Intestinal bypass is rejected by most clinicians because 
of concerns about bacterial overgrowth and malignant degen-
eration. Resection risks immediate or future short bowel 
syndrome and is not generally recommended. An operation 
that consists of multiple strictureplasties is the procedure of 
choice using the previously discussed techniques to safely 
conserve small bowel and relieve symptoms secondary to 
luminal stenosis. The involved segments can be ignored only 
in the rare instance, where the diseased intestine appears to 
be inflamed without evidence of stricture or penetration.

Gastroduodenal Crohn’s disease is relatively rare, and its 
most common presenting complaints are upper abdominal 
pain and symptoms of duodenal obstruction. Endoscopy 
demonstrates macroscopic abnormalities in the majority of 
patients with the antrum most frequently involved.97 Isolated 
gastric disease is exceedingly rare and any reports of success-
ful treatment are purely anecdotal.98 For duodenal disease, 
medical therapy is the mainstay of treatment for inflamma-
tory and penetrating disease, while strictures present a dif-
ferent challenge.99 Ulcer-like lesions are nonspecific, rarely 
cause stenosis, spontaneously regress, and are usually asso-
ciated with other diseased sites. Contrarily, stenotic duode-

nal segments are typically unifocal and often respond poorly 
to medical management. Endoscopic balloon dilatation 
has been safely used to treat short duodenal strictures, and 
the procedure appears to be well tolerated while providing 
marked symptom relief.100 In the past, the operative manage-
ment of duodenal strictures was restricted to gastrojejunos-
tomy, but success with duodenal strictureplasty has been 
reported by several centers, and the technique appears to be 
the procedure of choice if the affected bowel is sufficiently 
supple and devoid of associated sepsis.101–103 As seen with 
small bowel strictures, occult malignancies can complicate 
stricture sites involving the stomach and duodenum.104

Perianal Disease

A variety of perianal manifestations can complicate Crohn’s 
disease, including perineal skin lesions such as skin tags and 
hemorrhoids, anal canal lesions including fissures, ulcers, 
strictures/stenoses, anoperineal abscesses or fistulas, anovag-
inal fistulas, and neoplasia. The fissures and ulcers are con-
sidered primary disorders, whereas the others are secondary 
abnormalities.105

Perianal disease involvement in patients with known 
 intestinal Crohn’s disease is generally obvious, but individu-
als without a history of Crohn’s disease can present a diag-
nostic challenge as many of the findings are seen in normal 
individuals or patients with other gastrointestinal maladies. 
Crohn’s disease is the more likely diagnosis if multiple abnor-
malities, such as laterally located fissures, cavitating anal 
canal ulcers, and anorectal ring stenosis, are noted. Endoanal 
ultrasound can be a useful tool for the diagnosis of anorec-
tal sepsis, and may guide combined medical and operative 
therapy to significantly improve outcome.106 Pelvic MRI is a 
similarly valuable means of identifying abscesses and clas-
sifying fistulas.107 Direct comparison of endoanal ultrasound, 
MRI, and examination under anesthesia has suggested that 
ultrasound might be most accurate, but ultrasound and MRI 
used together or separately in combination with examination 
under anesthesia are 100% accurate.108

For many perianal conditions, local measures can provide 
some symptomatic relief and medical therapy, including 
antibiotics, immunomodulators, and biologic agents, is often 
beneficial. Uncontrolled studies have shown a reduction in 
fistula-associated pain and drainage in adults treated with 
metronidazole or ciprofloxacin after 6–8 weeks of therapy, 
but symptoms typically recur immediately after antibiotic 
discontinuation.109 Immunomodulation with optimized aza-
thioprine or 6-mercaptopurine is as effective as de novo ther-
apy in nearly one-half of patients, but response is often slow 
or incomplete. Immunomodulators have also been found to 
successfully delay fistula recurrence following antibiotic dis-
continuation in patients initially responding to treatment.110 
Continuous therapy with biologic agents, such as infliximab 
which is an antitumor necrosis factor antibodies, is associ-
ated with complete arrest of fistula drainage in nearly one-
half of adults.111
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The appropriate operative treatment of perianal Crohn’s 
disease must be individualized to the specific patient with 
adherence to certain management tenets. In general, a conser-
vative surgical approach is adopted because a more aggres-
sive attitude often results in outcomes that are worse than the 
disease itself. Surgical treatment of skin tags, whether con-
servative or aggressive, is often associated with morbidity 
due to chronic, nonhealing anal or perianal ulcers. Fissures 
should be relatively asymptomatic and nearly one-half heal 
with medical treatment, especially those that are painless or 
acute in nature. Refractory symptoms from an uncompli-
cated fissure may respond to lateral internal sphincterotomy, 
especially if anal hypertonicity is present and rectal inflam-
mation is absent. Symptoms secondary to large, cavity 
forming ulcers can often be controlled with debridement of 
overhanging edges and intra-lesion corticosteroid injection.

An anorectal abscess, regardless of its etiology, is best 
treated with simple incision and drainage unless perineal sep-
sis complicates the presentation. The management of anal 
fistulas is a challenging dilemma, and is based upon the 
patient’s presentation considering the fistula’s location and 
complexity, the presence or absence of concomitant proctitis, 
and the severity of accompanying anal canal disease. In addi-
tion, the surgeon should be cognizant of the known potential 
for malignant degeneration of the chronic fistula tract and the 
patient should be counseled regarding this risk.112 Medical 
therapy to optimize control of disease-related inflammation 
is typically recommended to increase the likelihood of heal-
ing without adversely impacting surgical outcomes.113 Most 
low-lying, simple fistulas without concomitant proctitis can 
be appropriately managed by fistulotomy. If partial sphincter 
division would compromise fecal continence, a noncutting 
seton or rectal mucosal advancement flap is indicated for 
low-lying, simple fistulas without significant proctitis. Non-

cutting setons establish drainage of the fistula, minimize the 
risk for future abscesses arising from the fistula tract, rarely 
cause discomfort, and do not interfere with personal hygiene. 
Alternatively, the rectal mucosal advancement flap is a versa-
tile procedure that can be used when rectal inflammation is 
limited and no cavitating ulceration or anal stenosis is present 
because the flap procedure does not significantly jeopardize 
continence or risk proctectomy (Figure 30-5). In the event 
that the above scenario is complicated by anal canal ulcer-
ation or stricturing, a rectal sleeve advancement with tempo-
rary fecal diversion can be performed in selected patients. If 
moderate or severe proctitis complicates a low-lying, simple 
fistula, concomitant sepsis is excluded and medical therapy is 
then employed with or without a noncutting seton.114 In a 
patient with a high, complex fistula and no evidence of 
Crohn’s proctitis, a rectal advancement flap can be performed 
with the expectation that one-third of complex fistulas treated 
in this fashion completely heal. If the anal canal is diseased, 
rectal sleeve advancement may be attempted. The presence 
of proctitis with a high, complex fistula relegates the patient 
to medical therapy in combination with seton drainage, tem-
porary fecal diversion, or proctectomy.

More recently described procedures for the management 
of fistulas in adults with Crohn’s disease entail occlusion 
of the fistula tract with fibrin sealant115 or collagen plug.116 
Results with fibrin sealant for fistulas related to Crohn’s dis-
ease have been inconsistent partially because complex fis-
tulas tend to be less responsive to treatment, but the largest 
series to date revealed more than one-half of treated fistulas 
remained drainage-free after nearly two years of follow-up.115 
Similar to the fibrin sealant experience, some centers117 have 
reported high success rates (>80%) in patients with fistula 
tracts treated by collagen plug occlusion while others116 have 
encountered somewhat discouraging outcomes.

Figure 30-5. Rectal mucosal advancement 
flap.
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In selected patients with severe perianal disease, fecal 
diversion is required. While patients undergoing tempo-
rary diversion enjoy an improved quality of life,118 a temporary 
ileostomy does not generally influence the long-term outcome 
of perianal Crohn’s disease because less than one-quarter of 
individuals have intestinal continuity restored.55 The major-
ity of patients who undergo successful closure of their stoma 
require a secondary procedure (e.g., rectal mucosal advance-
ment flap) to achieve stoma closure. However, the creation of 
a loop ileostomy as a planned definitive procedure is rarely 
indicated. Instead, an endoanal proctectomy is necessary in 
approximately 5% of Crohn’s disease patients solely to con-
trol perianal disease, especially if high, complex fistulas, deep 
ulcerations, colonic disease, or anal canal stenosis is present.

Prophylaxis Against Recurrent Disease

Recurrent disease following surgical management of Crohn’s 
disease is commonplace and leads to the need for reinstatement 
of medical therapy in most instances and eventual surgery in 
some cases. Accordingly, multiple trials have been conducted 
using medications intended to decrease the recurrence rate 
with varying degrees of success. A recent review of the litera-
ture119 revealed 23 studies that appropriately investigated this 
issue and the pooled results were presented. Probiotics were 
not superior to placebo for any outcome measured. The use of 
nitroimidazole antibiotics appeared to reduce the risk of clini-
cal and endoscopic recurrence when compared to placebo; 
however, these agents were associated with higher risk of seri-
ous adverse events. Mesalamine therapy was associated with 
a significantly reduced risk of clinical and severe endoscopic 
recurrence relative to placebo. Azathioprine and 6-mercap-
topurine were also associated with a significantly reduced risk 
of clinical and severe endoscopic recurrence when compared 
to placebo, and neither agent had a higher risk than placebo of 
serious adverse events. Lastly, mesalamine relative to azathio-
prine and 6-mercaptopurine was associated with a higher risk 
of endoscopic recurrence, but a lower risk of serious adverse 
events. A study not included in this review looked at the impact 
of postoperative infliximab compared to placebo, and found 
infliximab therapy after intestinal resection was significantly 
effective at preventing endoscopic and histologic recurrence 
without increasing the occurrence of adverse events.120

Summary

The operative management of Crohn’s disease is predicated 
upon a thorough understanding of the patient and the nature 
of their disease. The surgeon must be knowledgeable about 
the potential disease complications and medical treatment 
options to appropriately judge which patients are legitimate 
candidates for surgical intervention. Furthermore, despite 

recent advances in radiographic and endoscopic diagnos-
tics, the findings at the time of surgery are commonly dif-
ferent than those suggested by the preoperative studies. 
The surgeon must be accordingly cognizant of the various 
operative options and confident with their usage when it is 
necessary to deviate from the planned procedure. Lastly, 
the surgeon must address not only the immediate issue, but 
also employ measures that minimize the risk of future com-
plications caused by the recurrent behavior of the disease. 
The Standards Practice Task Force of the American Soci-
ety of Colon and Rectal Surgeons has published practice 
parameters for the surgical treatment of Crohn’s disease.121
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31
Intestinal Stomas
Laurence R. Sands and Floriano Marchetti

Introduction

Intestinal stomas have long been used by surgeons for fecal 
diversion and remain an important tool for both the general 
and colon and rectal surgeon. They are considered a vital 
 element as either a permanent means for stool evacua-
tion or as a temporary bridge in order to treat complicated 
abdominal problems or to heal more distal anastomoses. 
The surgeon must always regard fecal diversion as a means 
to salvage patients from abdominal catastrophy and should 
never consider stoma creation as a defeat even though many 
patients may regard it as such.

The History of the Stoma

The colostomy was initially described by Littre in 1710, 
whereby he fashioned a diverting stoma for a patient with 
an obstructing colon cancer.1 The next report of a colostomy 
actually appeared many years later when it occurred spon-
taneously due to a strangulated umbilical hernia, whereby 
the skin sloughed leaving the bowel exposed and draining.2 
Later on, bowel exteriorization became much more popular-
ized with battlefield injuries and was associated with long-
term survival.

The ileostomy history is much more short-lived, however. 
They did not become popular until devices became available 
that allowed better seals of the devices to the skin because of 
the more liquid nature of the effluent. Ulcerative colitis made 
it necessary to use the ileostomy. Initial reports of ablative 
surgery for fulminating colitis seemed to be unsuccessful 
and it soon became recognized that patients would either die 
of their disease or need to function with an ileorectal anasto-
mosis, a rather unsatisfying operation for ulcerative colitis in 
the face of severe proctitis. As such, Dr. John Young Brown 
of St. Louis introduced the ileostomy as part of the therapy 
for ulcerative colitis in 1913.3 This stoma was used in order 
to obtain colonic rest in the course of this disease. Once total 
proctocolectomy was popularized as a cure for ulcerative 

colitis by Gavin Miller, surgeons were then forced to deal 
with the long-lasting effects of the ileostomy.4 At that time, 
ileostomies were constructed by creating a flush connection 
of the bowel to the skin. They were fraught with complica-
tions of irritated skin, inflammation, subsequent parastomal 
scarring, and ultimately stomal narrowing secondary to the 
severe skin reaction and fibrosis. A chemistry student by the 
name of Koernig who had an ileostomy for ulcerative colitis 
developed a bag and seal of rubber with a latex preparation 
in order to help protect his skin from the caustic effects of 
the ileostomy effluent. It wasn’t until 1952 when Brooke 
designed the everted stoma, whereby the appliances were 
now able to easily catch the stoma effluent and stop leak-
age, thereby preventing surrounding skin irritation and its 
complications.5 This rather simple but ingenious design truly 
revolutionized the ability of surgeons to use an ileostomy 
as a means of stool diversion on a permanent or temporary 
basis.

Stoma Incidence

Stomas are used as often as is necessary. The true  incidence 
of stomas is generally unknown. An estimate in the late 
1970s within the United Kingdom suggested that there 
were 10,000 patients with an ileostomy at that time and that 
400–500 ileostomies per year were being created.6 It has also 
been estimated that about 4,000 ileostomies were created in 
1968 alone within the USA.7 There is no reason to suspect 
that these numbers have declined over the years since the 
indications for stoma creation have essentially not changed 
since then.

What Is an Ostomy?

An ostomy is a surgically created opening between a hol-
low organ and the body surface or between any two  hollow 
organs. The word, ostomy, comes from the Latin word, 
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ostium, meaning mouth or opening. The suffix -tomy implies 
an intervention, either by surgery or injury. The word, stoma, 
comes from the Greek word for mouth and is used inter-
changeably with ostomy. An ostomy is further named by the 
organ involved. An ileostomy is an opening from the ileum 
to the skin, a colostomy is from the colon, a gastrostomy is 
from the stomach, and so forth. When two organs are joined 
the descriptive term incorporates both. For instance, an anas-
tomosis between the small bowel and colon might be called 
an ileocolostomy, between colon and the rectum, a colorec-
tostomy or coloproctostomy. A loop ostomy is formed by 
bringing an intact loop of bowel through the skin and then 
dividing the antimesenteric side and maturing it so that there 
are two open lumens, the proximal and the distal.

Indications and Types of Stomas

There are many indications for a stoma (Table 31-1). 
 Permanent stomas are fashioned when there is a need for 
removal of the anus along with its associated musculature. 
This procedure may be necessary in patients with distal 
 rectal cancers who require an abdominoperineal resection or 
those individuals with severe inflammatory bowel disease 
with involvement of the sphincter mechanisms. In addi-
tion, patients of any age with weak sphincter muscles and/
or fecal incontinence may be better served with permanent 
fecal diversion in order to prevent perineal skin breakdown, 
improve perineal hygiene, and prevent decubitus ulcer for-
mation.

Stomas may also be used on a temporary basis. Temporary 
stomas are indicated in cases of intra-abdominal catastrophes 
and may act as a lifesaving bridge in critically ill patients. 
Patients with diffuse peritonitis from a perforated colon 
due to an inflammatory condition such as diverticulitis or 
Crohn’s disease are often at risk of anastomotic leak should 
the surgeon be tempted to perform such an anastomosis. 

These patients are often best served with a temporary stoma 
in order to allow intra-abdominal healing and  resolution of 
the inflammatory state.

Perhaps one of the most common indications for the cre-
ation of a temporizing stoma is for patients undergoing deep 
pelvic dissections, total mesorectal excisions, a low-lying 
ileo-anal or colo-anal bowel anastomosis, or in patients who 
undergo a high-risk distal bowel anastomosis. These stomas 
serve as a protection for anastomotic dehiscence. Temporary 
stomas are also often used in patients who undergo a restor-
ative proctectomy after they have completed preoperative 
chemotherapy and radiation for advanced rectal cancer. The 
benefits of this type of fecal diversion will be discussed later 
in the context of this chapter.

Some surgeons may consider performing a diverting stoma 
at the time of diagnosis of advanced rectal cancer. While pre-
operative therapy often will shrink a large rectal cancer and 
improve patient’s symptoms, there are many patients who 
may be so symptomatic that fecal diversion should be con-
sidered as the initial management for these patients. A recent 
British study evaluated whether stoma creation was indicated 
in patients with rectal cancer prior to undergoing neoadju-
vant therapy. In this study, they performed a diverting stoma 
in nine patients, eight of whom had an inability to have their 
tumors cannulated at the time of colonoscopy and one who 
had fecal incontinence. Three of these patients never under-
went definitive surgery for their rectal cancer after they com-
pleted neoadjuavant therapy because they had progression 
of their disease or had poor overall fitness to undergo the 
more definitive surgical procedure. They concluded that the 
only two indications for initial diversion were the inability 
to perform a colonoscopy past the lesion and fecal inconti-
nence while worsening diarrhea or bowel function during the 
neoadjuvant therapy were not good indications for diverting 
stoma.8

Temporary stomas may be created as either an ileostomy 
or a colostomy, with the type of stoma used, dictated by the 
circumstances found at the time of the initial surgery as well 
as the preference of the surgeon. Many surgeons prefer a pro-
tective loop ileostomy for low-lying anastomoses because of 
the relative ease of reversal, easier stoma management by the 
patient, lower incidence of parastomal hernia formation, and 
a lower incidence of peristomal sepsis.9,10

A study comparing loop transverse colostomy to loop 
ileostomy for fecal diversion for low colo-rectal or colo-
anal anastomoses demonstrated that the patients undergoing 
loop colostomy had more complications than those patients 
undergoing loop ileostomy such as parastomal and incisional 
hernias, stomal prolapse, and fecal fistulas. They suggested 
that loop ileostomy provided a better means of diversion.11

Stomas may be created as either a loop stoma or an end 
stoma. Loop stomas are often used when they are intended 
to be temporary since such a creation will often facilitate 
reversal. They may also be used in cases of distal intestinal 
obstruction, whereby the primary cause of the obstruction is 

Table 31-1. Indications for a stoma

•	 Protection	of	distal	anastomosis
•	 Treatment	of	anastomotic	leak
•	 Large	bowel	obstruction
•	 Bowel	perforation
•	 Abdominal	or	perineal	trauma
•	 Rectal	injury
•	 Diverticular	disease
•	 Complex	anorectal	disease
•	 Complications	from	radiation
•	 Fecal	incontinence
•	 Inflammatory	bowel	disease
•	 Motility	and	functional	disorders	including	idiopathic	megarectum	 

and megacolon
•	 Infections	–	necrotizing	fasciitis,	Fournier’s	gangrene
•	 Congenital	disorders	–	imperforate	anus,	Hirschsprung’s	disease,	

necrotizing enterocolitis, intestinal atresias
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left undisturbed. A loop stoma is required in these cases in 
order to decompress both sides of the bowel and to prevent a 
closed loop obstruction distally if an end stoma were created 
instead. Alternatively, an end stoma with a distal mucous fis-
tula may be created in order to provide distal bowel decom-
pression. Loop stomas are often larger than end stomas since 
both limbs of bowel must be exteriorized through the same 
fascial defect. This large size may make it more difficult for 
the patients to care for the stoma with an appropriate appli-
ance. In addition, loop stomas may be more prone to develop 
parastomal hernias because of the larger abdominal wall 
defect and may ultimately result in stomal prolapse. These 
arguments against a loop stoma may make a proximal end 
stoma and a distal mucous fistula a more desirable option.

End stomas are often smaller and easier to manage. They 
are rarely associated with stomal prolapse and may have a 
lower incidence of parastomal hernia formation. However, if 
the end stoma is done on a temporary basis, they often require 
more extensive surgery for reversal since the other end of the 
bowel is often buried within the abdominal cavity. Many sur-
geons opt to tack the distal limb of bowel near the site of the 
end stoma if possible in order to facilitate  reversal.

Another alternative in stoma creation is the loop end 
stoma. This may be performed in the obese patient where it 
is difficult to bring up an end stoma because of the large thick 
abdominal wall and the greater stretch applied to the bowel 
mesentery in these patients. The stretched mesentery may 
result in ischemia of the end of the bowel if it is brought up 
as a simple end stoma. In such cases, many surgeons prefer 
to bring the bowel up to the skin as a loop with the distal end 
being closed off in order to improve vascularity of the stoma 
itself since this will no longer be the end of the bowel.

Stoma Physiology

The physiological changes that occur in patients with osto-
mies are primarily related to the loss of continence and 
reduced colonic absorptive surface area. These affect fluid 
and electrolyte balance and lifestyle but generally have little 
effect on nutrition. However, once more than 50 cm of ter-
minal ileum has been removed or taken out of continuity, 
nutritional consequences are likely.

Output

Ostomy output is directly related to the location of the open-
ing in the bowel. Distal left or sigmoid colostomies normally 
produce formed stools that are of similar consistent to that 
of the anorectum. The more proximal the colostomy, the less 
surface area is available for water and electrolyte absorption 
and so the more liquid the stools. Right sided colostomies 
not only produce a high volume but also have the additional 
disadvantage of a malodorous output because of the effects 
of colonic bacteria.

Initially after creation the output from an ileostomy tends 
to be fairly watery and green or bilious in color. Within a 
few days to a week of resumption of a regular diet, the mate-
rial becomes thicker and more yellow-brown, although a 
greenish tinge often remains. The typical consistency is of 
watery porridge or applesauce. It is affected by diet, fluid 
intake, medications, and on-going problems such as Crohn’s 
disease or adhesions. If a substantial amount of small bowel 
has been removed the output is looser and the patient is 
more prone to dehydration. It is not uncommon for some 
food to pass out in a recognizable state. Notable foods for 
this occurrence include corn, other vegetables, and nuts. 
Some pills may also not be broken down in the small bowel, 
decreasing the bioavailability of these medications. Most 
patients with an ileostomy notice little odor from the output; 
however, certain foods, such as eggs and fish, may produce 
an offensive smell.12

Volume

In the healthy control subject, about 1,000–2,000 ml of fluid 
passes through the ileocecal valve daily. This quantity is 
reduced by 80–90% to 100–200 ml of fluid volume in nor-
mal stool as it passes through the colon. Unless the patient 
has diarrhea, left-sided colostomy output is similar to the 
feces that would be passed trans-anally, and there is little 
loss of total body fluid or sodium.13

Although postoperative ileostomy output may be high, 
it quite rapidly settles down to a more acceptable volume. 
“Ileostomy dysfunction,” although a general sounding term, 
refers to increased ileostomy output due to partial obstruction 
caused by inflammation and stenosis. This term was coined 
in the era of secondary maturation. Historically, high outputs 
were anticipated for weeks after creation of an ileostomy, 
but this was found to be due to inflammation of the exposed 
small bowel serosa (serositis). Once primary maturation was 
adopted, this problem essentially disappeared.5,14

Postoperative colostomy output is also often liquid, but it 
rapidly becomes formed with the resumption of a normal diet 
and the return of ordered motility. The average colostomy 
produces about 200–700 ml with a median of about 500 ml 
per day. Total bowel rest results in a decrease in output by at 
least one-half and may be as low as 50–100 ml per day.13

The volume of ileostomy output fairly widely varies among 
patients but only mildly varies from day to day in an indi-
vidual patient. Although the average output is about 500 ml 
per day, a healthy, functioning ileostomy may produce up to 
1,000–1,500 ml in a day. Output above this level are usu-
ally associated with dehydration.15–19 Large amounts of fluid 
intake usually do not alter the output volume very much as 
most of it is absorbed and excreted through the kidneys.17

Ileostomates may generally eat a regular diet without 
restrictions. Decreased fluid intake slows the output and 
thickens it, while fatty food and large amounts of liquid 
increase transit and the fluidity of the effluent.12 Prunes and 
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cabbage may also increase the output.17 Ileostomy effluent 
is generally weakly acidic at a pH of about 6.3.13 When the 
terminal ileum has been resected but colon remains in situ, 
more of the bile salts will enter the colon, which may result 
in a secretory diarrhea. This problem may be ameliorated by 
the use of oral bile binding agents such as cholestyramine 
(Questran).

Transit

An ileostomy continuously functions and its output is not 
eliminated by the timing of meals or rest. Yet, in most 
patients the output increases with meals and certain foods. 
Surgical resection of the anorectum and/or colon has effects 
on the function of the proximal gastrointestinal tract and 
the integration of hormonal and neuroenteric activity. These 
interactions are complex and not well understood in health, 
much less in postoperative patients. Although the data are 
limited, it appears that small bowel transit times decrease 
after ileostomy, possibly related to mucosal hypertrophy and 
adaptation. The specific mechanisms are not known. Gas-
tric emptying has been a subject of several studies but the 
results are conflicting. Soper and his colleagues20 found that 
gastric emptying is not altered in ileostomy patients. Yet, 
small bowel transit is longer than in control subjects (348 
vs. 243 min). In a more recent study, Robertson and his col-
leagues21 found that gastric emptying of liquids is not altered 
but emptying of solids is slowed.

Ileostomy output and dehydration may be decreased by 
prolonging the transit time to allow for more absorption. 
Codeine, loperamide, and Lomotil® have all been shown to 
have this effect.22,23

Fluid and Electrolyte Balance

The average ileostomy puts out about 500 ml of water and 
60 mmol of sodium per day, amounts approximately two 
to three times higher volumes than found in normal fecal 
output.13 Consequently, the ileostomate must compensate by 
increasing intake or conserving other losses. Urinary volume 
is relatively decreased in patients with ileostomies by as 
much as 40%, while renal sodium losses may be decreased 
by 55%.24,25 Yet, in spite of the efforts of the kidneys to main-
tain balance, total body water and sodium reductions may be 
a chronic condition in ileostomy patients.26–28

The chronic dehydration and loss of fluid and electrolytes 
make ileostomy patients prone to dehydration. Rehydration 
is best accomplished with fairly large amounts of normal 
saline.13 There is a direct relationship between absorption of 
nutrients and electrolytes and transit time.29

Flora

The normal terminal ileum harbors few organisms in the 
healthy individual. After creation of an ileostomy, the  distal 

ileum is rapidly colonized with a variety of bacteria. The 
microflora of an individual is fairly stable over time, whereas 
there is great variability between individuals.30 Staphylo-
cocci, streptococci, and fungi are increased while Bacteri-
odes fragilis is rarely found in ileostomy effluent. The major 
variations in the flora of effluent from ileostomies, transverse 
colostomies, and feces per anum are in the relative numbers 
of anaerobes with log differences increasing from proximal 
to distal.31,32

Nutrition

The colon plays little role in the maintenance of normal 
nutrition, working primarily to absorb fluid and to store feces 
so that the frequency of bowel evacuation may be limited. 
Thus, removal of the colon alone has little effect on nutrition. 
Patients who require a total proctocolectomy for diseases 
such as ulcerative colitis or Crohn’s disease are often mal-
nourished due to their underlying problem. Postoperatively, 
they are able to gain weight and return to a much better level 
of nitrogen balance and general nutrition.

Loss of more than a few feet of the terminal ileum, may 
result in loss of bile acids and poor absorption of fat and 
fat-soluble vitamins17,33 Specifically, Vitamin B12, necessary 
for normal hemoglobin synthesis, may not be adequately 
absorbed in patients with terminal ileal loss or significant 
Crohn’s disease. This loss results in pernicious or macrocytic 
anemia, and these patients may require monthly administra-
tion of Vitamin B12 (intramuscular or nasal). Absorption 
may also be impeded by distal ileal bacterial overgrowth.34–36 
Kidney stones may be a consequence of chronic dehydra-
tion and acidic urine. Adding sodium bicarbonate to the diet 
as well as increasing fluid intake may help to prevent uric 
acidic stone formation.37–39

Preoperative Considerations

Stomas need to be constructed in both the elective and emer-
gency situations. If stomas are to be electively created during 
scheduled surgical cases then proper preoperative planning 
needs to be initiated. This planning includes both preopera-
tive counseling and stoma marking. The counseling must 
encompass several critical aspects for the patient. First, the 
patient must understand the need for the stoma and whether 
the surgeon plans for the stoma to be placed on a perma-
nent or temporary basis. Second, the patient should be pro-
vided with ample opportunity to ask questions related to the 
stoma and the overall surgery. Most patients will experience 
a great deal of anxiety related to the creation of a stoma. 
Third, the patients should be offered reading material, vid-
eos, and online Web sites that may help relieve this anxiety 
and answer their many questions. The patients should be 
shown the appliances and stoma-related products in advance 
of the surgery as well. Often times it is beneficial for the 
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patient to speak to other willing patients in a similar  situation 
who have a stoma so that many of their questions may be 
appropriately addressed by those dealing with a stoma. Sup-
port group participation may be very valuable. Lastly, the 
patients should be properly marked by the enterostomal 
therapist for the ideal site(s) of the stoma on the abdomi-
nal wall since stoma sites may greatly vary in individuals 
based upon body habitus. Stoma sites should be modified 
to avoid scars, skin creases, and other skin disorders. Stoma 
markings should be done with the patient in both the sitting 
and standing positions and attention must be given to the 
beltline and pant height. The site must be checked to ensure 
skin folds or crevices do not interfere with appliance fitting. 
In obese individuals, the stoma must not be hidden below a 
large abdominal pannus or stoma care will be very difficult 
(Figure 31-1). In this circumstance a supraumbilical stoma 
is often more functional. Stomas should be placed through 
the rectus sheath and not lateral to it in order to have the 
rectus muscle provide support and reduce the incidence of 
parastomal hernias.

Once proper placement is ascertained, the spot is marked 
with indelible ink. This may be done with a water-resistant 
marker if the marking is done close to the surgery date, or 
it may be done by using ink and then puncturing the skin 
under the ink thereby forming a permanent tattoo. In com-
plex cases, a stoma appliance can be fixed to the proposed 
site and worn for 24 h to test placement. Hernias can also be 
used for temporary marking.

Siting a stoma through the umbilicus is a reasonable alter-
native when there is no other good location. Raza and col-
leagues40 felt that this was a good option based on their series 
of 101 patients; only four needed revision and there were 
no parastomal hernias or prolapse. Fitzgerald et al.41 noted 
that after closure in infants and children, the scar resembles 
a normal umbilicus and is cosmetically superior to that of an 
ostomy placed elsewhere.

Stoma counseling is an important part of stoma  acceptance. 
This finding has been confirmed in a study that used  multiple 
regression analysis to show that stoma adjustment was 
related to learning how to care for the stoma by the patient, 
interpersonal relationships that the patient has developed, 
and better stoma placement. The authors concluded that 
addressing the psychosocial concerns of the patient should 
become a part of the care routinely given to stoma patients 
and preoperative counseling plays a major role in this care.42 
Another randomized controlled trial comparing preoperative 
stoma teaching with postoperative stoma teaching after elec-
tive colorectal surgery showed far greater proficiency with 
the stoma, shorter hospital stays, and lower overall hospital 
costs if patients were educated about the stoma in advance 
of the surgery.43

Quality of Life with a Stoma

While many surgeons may feel that patients were “let down” 
after stoma creation a recent study evaluating the quality 
of life of patients who underwent surgery for rectal can-
cer showed that those patients undergoing stoma creation 
reported a higher global health status and fewer GI problems 
after surgery.44 This result may be due to the fact that the 
patients were so debilitated with their initial disease that hav-
ing a stoma significantly improved their overall status.

However, a Danish study evaluated the quality of life of 
colorectal cancer patients with and without a stoma. As one 
might expect, they found that those patients with a stoma 
experienced far great signs of depression, worse social func-
tioning, greater issues with body image, greater problems 
voiding, and more sexual problems particularly in male 
patients. They also found that if the stoma was created at a 
later time rather than at the initial surgery, the patients also 
experienced a poorer quality of life.45

A study comparing the quality of life of patients with tem-
porary ileostomy vs. temporary colostomy revealed that both 
groups of patients had a significant impairment in quality 
of life assessments. These authors found that the ileostomy 
effluent was more tolerable and that these patients had fewer 
issues with personal hygiene and better appetites than those 
with a colostomy. There were no differences in the two groups 
in terms of travel, daily activities, or sexual activity.46

While we may believe that patients are pleased to have 
their stomas reversed a study from Germany may suggest 
otherwise. They evaluated the quality of life of patients who 
underwent temporary stoma reversal. While they found that 
the patient’s body image and leisure activities improved, there 
was no change in overall quality of life since many of the 
patients experienced an increase in gastrointestinal problems 
after stoma reversal. Many patients actually felt overall worse 
than before the stoma was reversed. The authors concluded 
that the surgeon should engage in preoperative counseling of 
patients prior to stoma reversal.47Figure 31-1. Example of poorly placed stoma.
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In summary, there is no doubt that patients would prefer to live 
their lives without a stoma. However, with proper  education and 
counseling by the surgeon, enterostomal therapists, and support 
groups both before and after the surgery, patients can learn to 
adapt and maintain a healthy and happy existence with a stoma.

Techniques of Stoma Creation

The basic surgical principles that apply to stoma creation 
include the following:

1. The bowel to be exteriorized must be well vascularized 
and the mesentery must not be stretched to the point of 
inducing stomal ischemia or necrosis.

2. The bowel must reach the skin without tension in order to 
prevent stomal retraction.

3. The intestine must be brought through the rectus sheath 
and the facial opening should be just two fingers breadth 
in width in order to reduce the incidence of parastomal 
hernia and prevent obstruction of the bowel as it exits 
through the opening.

4. A disc of skin should be excised where the stoma is to be 
placed rather than simply creating a slit in the skin. This 
will prevent stomal stenosis and obstruction.

A disc of skin is removed in the site where the stoma will be 
placed. The anterior and posterior fascia is then opened in an 
up and down manner in order to accommodate the portion 
of bowel. Some surgeons prefer a cruciate fascial incision 
instead. Care should be taken to avoid the inferior epigastric 
vessels as one approaches the posterior rectus sheath. The 
bowel is then grasped with a babcock clamp and then exteri-
orized. In loop stomas some surgeons prefer making a mesen-
teric window just underneath the bowel edge and placing an 
umbilical tape around the bowel and then pulling this through 
the abdominal wall with the bowel (Figures 31-2–31-4).

After exteriorization of the bowel the abdomen is closed 
and then the stoma is matured. A stoma rod is typically 

Figure 31-2. Stomal placement. The site is selected to bring the 
stoma through the rectus abdominus muscle (with permission from 
Beck DE. Intestinal stomas. In: Beck DE, editor. Handbook of col-
orectal surgery. 2nd ed. Taylor and Francis; 2003).

Figure 31-3. Colostomy creation: A Circular skin disk is 
removed. B Fascia is divided. C End of colon is brought through 
the fascia and skin opening (with permission from Beck DE. 
End sigmoid colostomy. In: MacKeigan JM, Cataldo PA, editors. 
Intestinal stomas. Principles, techniques, and management. Taylor 
and Francis; 1993).
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placed under a loop stoma while end stomas are matured 
with a simple eversion technique using an absorbable suture 
material such as 3-0 chromic suture. While eversion is essen-
tial in ileostomies because of the greater liquid and volumi-
nous effluent, not all colostomies need to be everted.

Some surgeons may choose to tack the mesentery to the 
lateral sidewall to prevent internal hernia formation around 
the stoma site while others may suture the stoma to the under-
surface of the fascia in an attempt to prevent parastomal her-
nia formation or prolapse. While there is no data to suggest 
that these techniques may in fact be effective, Goligher in 
the 1950s advocated delivering the bowel via an extraperito-
neal approach in order to reduce the incidence of these com-
plications.48 More recent innovations have included a variety 
of biologic and synthetic meshes employed in a prophylactic 
setting at the time of stoma construction. A range of sub-
layer underlay and overlay techniques have been described.

Laparoscopic Stoma Creation

Today many stomas are created laparoscopically. Laparos-
copy has emerged as a frontrunner in terms of stoma creation 
because of the minimally invasive technique and the rather 
quick recovery. The advantages of laparoscopy include 
smaller incisions, less postoperative pain, reduced use of 
pain medication thereby reducing postoperative ileus and 

the time to first stool. The laparoscopic technique is  ideally 
suited to stoma creation since it often does not require much 
dissection or specimen extraction, thereby making this one of 
the easiest laparoscopic procedures to perform. In  addition, 
there are no incisions except for the port sites thereby facili-
tating the placement of the appliance over the stoma site.

If the patient is undergoing a colonic resection with a 
planned stoma, then the surgeon will often place a port at the 
site of the stoma marking and exteriorize the bowel through 
this area at the completion of the surgery. However, some 
care must be taken upon using this laparoscopic technique 
with regard to bowel orientation. Since many surgeons prefer 
placing the proximal portion of a loop stoma at the upper 
aspect of the skin and abdominal wall defect, one must ensure 
that the bowel is properly oriented upon delivery through the 
abdominal wall and that the bowel is not twisted or kinked. 
Twisting of the bowel at this level may result in a mechanical 
obstruction at the level of the stoma site.

More importantly one must assure that the proximal por-
tion of the bowel is exteriorized in those patients undergoing 
an end stoma. Division of the bowel and maturation of the 
incorrect limb will result in a complete bowel obstruction 
and will ultimately require a return to the operating room to 
correct this problem. While this problem would rarely occur 
in open stoma creation, it is a possibility in the laparoscopic 
technique if one fails to identify the proper orientation of 
the bowel especially in cases of colonic redundancy. This 
problem may be avoided by ensuring complete visualization 
of the bowel and, in the case of an end colostomy, by iden-
tifying the upper aspect of the rectum noted by the conver-
gence of the teniae coli and following the bowel proximally 
from that point. Another technique that may be used is to 
insufflate the rectum with air at the time of stoma creation 
in order to identify which end is most distal. If one is still 
having trouble identifying the proximal and distal portions 
of the bowel, then a loop stoma should be performed in order 
to prevent maturation of the incorrect side. Alternatively, 
one can always convert to an open procedure if there is still 
uncertainty about the correct anatomy. Conversion to an open 
procedure often shows good judgment rather than defeat.

There have been a variety of techniques described for 
laparoscopic stoma creation using zero, one, or more ports. 
Hellinger and his colleagues at the University of Miami have 
described a laparoscopic technique through a trephine inci-
sion and without a port and without gas insufflation for stoma 
creation in those patients who may not be able to tolerate a 
pneumoperitoneum. This technique simply uses abdominal 
wall retraction and placement of the laparoscope within the 
trephine opening in order to identify and orient the bowel. 
In addition, this technique allows for visualization and pos-
sible mobilization of the colon along the white line of Toldt 
should that be necessary.49

Most laparoscopic stomas are created using two or more 
ports. One port is typically placed at the site of the stoma 

Figure 31-4. Ileostomy maturation. A Ligation. B Trimming of the 
ileal mesentery. C.1 Serosa is attached to Scarpa’s fascia and the 
mucosal edge sutured to the dermis. C.2 Triangular stitch from ileal 
end to serosa to dermis; tying sutures inverts the ileum to the skin (with 
permission from Beck DE. Intestinal stomas. In: Beck DE, editor. 
Handbook of colorectal surgery. 2nd ed. Taylor and Francis; 2003).
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while the other ports are placed either peri-umbilical or on 
the opposite side of the abdomen in a triangular  manner 
(Figure 31-5). This port configuration facilitates working 
within the abdominal cavity and allows the surgeon to iden-
tify and raise the limb of bowel for the stoma. The white line 
of Toldt is identified and dissected if bowel redundancy does 
not exist in order to allow the bowel greater mobility to be 
brought up for a stoma. As in any laparoscopic case, care 
must be taken to avoid inadvertent injury to other loops of 
bowel as well as the ureters in the retroperitoneum. Another 
laparoscopic technique for colostomy creation has been 
described by placing the camera in the right side of the abdo-
men, thereby facilitating dissection of the colon on the left 
side and detaching it from the white line of Toldt and thereby 
allowing it to easily reach a preselected stoma site in the left 
side of the abdomen.50

Laparoscopic stoma creation has been compared to open 
stoma creation in several studies. A study from Germany 
showed fewer operative complications from open stoma cre-
ation compared to laparoscopic stoma creation. However, 
the mortality associated with the laparoscopic group was 
considerably lower. They concluded that for palliative stoma 
creation there were significant advantages using the laparo-
scopic technique for stoma creation.51

The Cleveland Clinic Florida colorectal surgery team 
reported their experience with laparoscopic stoma creation in 
1997. In their early study of 32 patients who mostly under-
went loop ileostomy, they converted to open surgery in five 
patients. Two of these conversions were related to a noted 
enterotomy at the time of surgery that was repaired. In addi-
tion, two other patients required reoperation for stoma outlet 

obstruction, one of which was twisted at the level of the fascia. 
The mean operative time was 76 min and the mean length of 
stay was 6.2 days.52

Many surgeons now believe that laparoscopy should be 
the primary means of stoma creation and a recent study of 
a 10-year period confirmed this conclusion. In this review 
of 80 patients who mostly suffered from advanced unresec-
table colorectal cancer, all but one patient underwent suc-
cessful laparoscopic stoma creation. While the majority of 
patients underwent loop stoma formation of either the ileum 
or colon, only five patients suffered complications requiring 
re-operation including parastomal abscess, stomal retraction, 
small bowel obstruction, postoperative bleeding, and port 
site hernia. The average length of stay was 10.3 days. While 
this length of stay may seem long it is most often related to 
proper patient teaching in stoma use and care.53

Morbidly obese patients present a significant challenge in 
stoma creation. Some have advocated a loop end stoma in 
this patient group.54 Another technique has been described 
to assist in the stoma creation in the morbidly obese patient. 
This method involves the use of an Alexis wound protec-
tor placed in the abdominal wall, facilitating the bowel to 
pass through the abdominal wall with less friction and resis-
tance because of the extensive subcutaneous tissues in these 
patients.55

Controversies of Intestinal Stomas

When Should Stomas Be Used to Provide Distal 
Anastomotic Protection

One of the most controversial topics regarding stomas relates 
to their use in protecting distal bowel anastomoses. While 
there are many advocates of diverting proximal stomas, 
there are also many others who believe that the complica-
tions of the stoma itself as well as the potential difficulties 
encountered in stoma reversal make the stoma extremely 
undesirable. This topic of fecal diversion to prevent distal 
leak is so controversial in that some surgeons believe that 
all distal anastomoses should be diverted while others feel 
that it should almost never be done. Still, there are others 
that believe there may be subsets of patients who should be 
diverted while others may avoid diversion  altogether.

A recent meta-analysis of both retrospective and prospec-
tive series reviewed the results of a defunctioning stoma in 
patients undergoing surgery for distal rectal cancer. While 
the retrospective studies did not show any difference in the 
anastomotic failure rate with a defunctioning stoma in place, 
they did prove that there were far fewer major problems 
once these leaks occurred. The prospective series revealed 
a lower leak rate with a diverting stoma in place. The study 
concluded that there were true benefits from proximal 
 anastomotic diversion in patients undergoing surgery for low 
rectal cancer.56

Figure 31-5. Port placement for stoma creation.
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A surgical group from Italy tried to determine whether 
patients should receive a protective stoma after undergoing 
neoadjuvant therapy for rectal cancer and then definitive sur-
gery. They studied 55 patients who underwent surgery with-
out diversion; they experienced 15 anastomotic leaks, five of 
which were considered requiring major immediate surgery 
for diversion. One of these patients ultimately died of sepsis. 
They concluded that a diverting stoma was only necessary in 
10% of their patients and therefore most patients may avoid 
the additional surgery, morbidity, or high complication rate 
of a temporizing stoma.57

Another study assessing diverting stoma compared two 
groups of patients who either underwent or did not undergo 
fecal diversion. Two patients in the undiverted group died 
of complications from anastomotic leakage. In addition, 
four patients in whom initial fecal diversion was not under-
taken ultimately required permanent stomas. Conversely, 
no patients in whom initial diversion was undertaken 
required a permanent stoma. The authors concluded that 
there were clear and significant advantages to a proximal 
stoma in patients undergoing low resection for distal rectal 
cancer.58

The group from UC Irvine compared their patients who 
underwent surgery for rectal cancer, most of whom under-
went neoadjuvant chemotherapy and radiation therapy for 
their disease. Most of their patients underwent a single-stage 
procedure with a lower overall and a lower anastomotic-
associated complication rate than those who underwent fecal 
diversion at the initial procedure both of which reached sta-
tistical significance. However, most of their single-stage pro-
cedures involved a higher level anastomosis (3.8 cm above 
the anal verge vs. 2.6 cm) compared to the anastomoses con-
structed in patients who underwent fecal diversion. They felt 
that many patients may be safely operated on with a single-
stage procedure and that fecal diversion may be reserved in 
selected patients.59

A publication from Germany evaluating 881 patients 
undergoing a low anterior resection with a protective stoma 
revealed virtually identical leak rates compared to the 1,848 
patients who did not have fecal diversion. While both groups 
of patients had a leak rate of roughly 14%, the number of 
patients requiring operative intervention for a leak were 
 significantly lower in the diverted group. In addition, the 
mortality was lower in the diverted patients. They also 
found that the morbidity associated with colostomy reversal 
was lower than it was for ileostomy reversal suggesting that 
patients may be better served with a colostomy rather than 
an ileostomy.60

Some surgeons have advocated anterior resection of 
rectal cancer without bowel preparation and without fecal 
diversion. In a study from the Netherlands of 144 patients 
who underwent anterior resection of the rectum without 
mechanical bowel preparation or fecal diversion, the authors 
reported a leak rate of only 4.9%. They found a trend toward 
higher leak rates amongst men with lower anastomoses and 

more advanced cancers. They concluded that performing 
anterior resection without bowel preparation or diversion is 
safe.61

One must clearly take into account the morbidity of a 
stoma as well. In a recent study from Norway where a pro-
tective stoma was used in 72 patients who underwent surgery 
for rectal cancer over a 12-year period, the authors found that 
five patients developed stomal complications immediately 
after the primary surgery, and another 20% developed prob-
lems after hospital discharge. Only 62 patients underwent 
stoma reversal, five of whom had problems with the rever-
sal while in the hospital. In addition, two patients died of 
complications from the reversal surgery. In total 19 patients 
(26%) suffered complications of the stoma in general and 
eight of these patients required re-operation. They concluded 
that there was considerable morbidity to the stoma creation, 
many patients may never undergo reversal of the stoma, and 
the stoma does not prevent anastomotic leak.62

The need for a defunctioning stoma after low anterior 
resection was recently evaluated in a large meta-analysis of 
over 11,000 patients. Four randomized control trials and 21 
nonrandomized studies were reviewed in this analysis. Both 
sets of studies showed a lower clinical anastomotic leak rate 
and a lower re-operation rate while the nonrandomized trials 
also showed a lower mortality rate in the stoma group. They 
concluded that stomas should routinely be used in patients 
undergoing low anterior resection.63

This study was reinforced by yet another randomized con-
trolled trial that intraoperatively assigned to either receive a 
diverting stoma or be left in continuity while undergoing a 
low anterior resection; 34 patients were enrolled in the study 
and the symptomatic anastomotic leak rate was significantly 
higher in the undiverted group (37.5%) compared to the 
diverted group (5.5%). Six patients in the undiverted group 
required reoperation. The authors concluded that protective 
stomas are a necessary part of the healing process after proc-
tectomy with total mesorectal excision.64

Stomal Complications

The difficulties of a stoma should not be underestimated. The 
true incidence of stoma-related complications is unknown 
since there is great debate as to what actually defines a stoma-
related problem. As most patients will experience some sort 
of skin irritation from the stoma or the stoma appliance, this 
represents the largest subset of stoma-related issues.

The prevalence of intestinal stoma complications was 
assessed from a colorectal group in Chicago. They reported 
the incidence of stoma complications in 1,616 patients. 
A total of 34.2% of these individuals suffered a complication 
related to their stoma, 27.7% of those individuals having an 
early complication, and only 6.5% suffering a late compli-
cation. The authors noted that the highest complication rate 
was in patients with a loop ileostomy.65
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In a study from the United Kingdom, patients who  underwent 
laparoscopic colectomy had a significantly prolonged hospital 
stay (6 days vs. 10 days) from the mere presence of a stoma 
due to the teaching and comfort level that patients needed to 
attain with the stoma. Interestingly, conversion to open sur-
gery did not pose a significant increase in length of stay com-
pared to the presence of a stoma.66

A surgical group from Italy compared the complications 
of loop ileostomy, loop colostomy, and end colostomy. In 
this retrospective review, there was no correlation in com-
plication rates associated with stomas created either on an 
elective or emergent basis, the indications for surgery, the 
patient’s gender, or the stoma site. There was an overall 
stoma complication rate of 60% mostly related to dermatitis, 
parastomal hernia, leakage from the appliance, and stomal 
stenosis. The fewest complications were noted in end colos-
tomies and in patients less than 68 years of age.67

Skin Irritation and Leakage

While many surgeons would consider skin irritation and 
leakage commonplace issues relating to stomas, most sur-
geons consider this a complication only if the problem is so 
severe that it warrants surgical correction. Most of the skin 
issues related to the stoma do not require surgery. Many sur-
geons will refer their patients to an enterostomal therapist in 
order to help with this problem. However, many institutions 
may not employ an enterostomal therapist. Therefore, many 
colorectal training programs today provide their trainees an 
opportunity to work one on one with an enterostomal thera-
pist in order to learn how to care for stomal-related prob-
lems. Often times the surgeon may be required to mark the 
patients in advance of surgery for proper stomal placement. 
It is imperative that surgeons have a good understanding of 
stomal care. Many of the skin problems from a stoma may be 
traced back to poor site selection in the first place whereby 
the stoma was placed under a skin crease. In these cases, 
it is important to try various other appliances of a convex 
nature in order to raise the lip of the stoma to get a better fit. 
In addition, a good seal may be achieved by using a variety 
of adhesives, powders, or sealants. Eakin cohesive seal rings 
form a waterproof barrier around the skin and the applied 
pouch and are designed to prevent pouch leakage in addition 
to extending the wear time of the pouch. They may also be 
useful to fill in uneven skin surfaces around the stoma site.

One study showed that 51% of patients questioned, 
reported problems with a rash and 36% had experienced leak-
age. Both problems were seen more often in patients with 
ileostomies rather than colostomies. In addition, nearly one-
third to one-half of the patients also experienced a reaction to 
the stoma adhesive. However, only 8% of ostomates reported 
significant difficulty associated with skin irritation.68

Surgical correction for severe skin problems from the 
stoma may need to be done if enterostomal care has failed. 
If the stoma was used on a temporary basis then the stoma 

should be reversed as soon as it is feasible to do so. If, 
 however, the stoma was created on a permanent basis, then 
stoma revision may need to be performed. Oftentimes the 
stoma will need to be resited to a more desirable area on the 
abdominal wall (Figures 31-6 and 31-7).

Parastomal Hernia

Parastomal hernia remains a major problem following stoma 
creation. While the true incidence of parastomal hernia is 
unknown, this complication is so frequent that most sur-
geons do not classify this as a complication until it becomes 
necessary to surgically repair the hernia. In fact, the creation 
of a defect in the abdominal wall for a stoma by definition 
places a weakness in the abdominal wall where there once 
was complete continuity. The truth is that many patients with 
parastomal hernia often have some disability related to this 
problem. The problems may be as minor as skin breakdown 

Figure 31-6. Stoma with severe skin problems.

Figure 31-7. Stoma revision.
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near the stoma site or an inability to fit an appliance around 
the stoma, or it can be as devastating as incarcerating a loop 
of bowel within the hernia and requiring emergency surgery 
for resection and repair.

A recent prospective audit of parastomal hernias found 
that the overall rate of parastomal hernia was 33% and that 
aperture size and patient age were independent predictors 
of this problem. They found that for every additional mil-
limeter increase in aperture size there was a 10% increase 
in risk of developing a hernia and for every additional year 
of patient age the risk increased by 4%. In addition, colos-
tomies were at higher risk for hernia formation than ileos-
tomies.69

As a result, many surgeons have advocated prophylactic 
mesh placement at the time of the stoma creation in order to 
prevent parastomal hernias. These meshes have been placed 
at varying levels in the abdominal wall and the use of the 
newer biologic and synthetic meshes may be more promis-
ing. A recent prospective study using polypropylene mesh 
simply placed in the pre-peritoneal space without sutures 
was performed in a total of 42 patients. While the major-
ity of the created stomas were end colostomies, five patients 
in this study underwent surgery for stoma resiting. In the 
postoperative follow-up there were four parastomal hernias 
noted (9.52%), three of which were asymptomatic while the 
fourth required re-repair due to a poorly fitting appliance. 
There were no complications related to the mesh itself. The 
authors concluded that these results justify the placement of 
a parastomal mesh on a prophylactic basis.70

One randomized trial of 54 patients undergoing permanent 
intestinal stoma revealed that none of the patients who under-
went prophylactic mesh placement developed a parastomal 
hernia while 8 of 27 without mesh did develop a hernia.71

Guzman-Valdivia retrospectively reviewed incisional 
hernias occurring at the previous stoma site in 70 patients 
after stoma reversal. While all of these patients underwent 
identical, relatively simple procedures for stoma reversal, the 
authors found an incisional hernia rate of 31% at the previ-
ous stoma site leading the author to conclude that the mere 
presence of a stoma had some degree of morbidity in its own 
right. The rate of incisional hernia formation was higher in 
the first year of follow-up and in patients with comorbidities 
particularly diabetes.72

Another study evaluating risk factors for parastomal her-
nia after APR evaluated 41 patients who underwent either 
laparoscopic (22) or open (19) procedures. Parastomal her-
nias developed in nearly half the patients and in nearly equal 
numbers in both groups of patients. The authors concluded 
that the only risk factor for parastomal hernia formation after 
controlling for surgical approach, age, sex, or adjuvant ther-
apy was obesity and waist circumference. They found that 
waist circumference over 100 cm was associated with a 75% 
probability of developing a parastomal hernia.73

Parastomal hernia prevention is perhaps the best method 
of treatment. As a general rule, stomas should be placed 

through the rectus sheath for additional muscular support, 
fascial openings should be of the appropriate size for the 
 portion of exteriorized bowel, prophylactic use of mesh 
may be considered for those patients requiring a permanent 
stoma, and extraperitoneal tunneling of the bowel may also 
be considered.

Once parastomal hernias are present and repair is neces-
sary, there are several surgical options available. The stoma 
may be resited to an area on the opposite side of the abdo-
men that has never been used. This operation may be per-
formed by mobilizing the stoma via a parastomal incision 
and simply pushing the bowel over to the opposite side of the 
abdomen. This may be easily done if there are no adhesions 
to the anterior abdominal wall and if the bowel has sufficient 
length.

Other options for parastomal hernia repair include a 
laparoscopic approach with mesh implantation around the 
stoma and covering the fascial defect or an open technique 
around the stoma itself with either suture closure of the fas-
cial defect or with the placement of mesh. Biologic meshes 
may be more suitable for this approach since the operation is 
considered a clean contaminated field.

A recent review from Hershey Medical Center regarding 
parastomal hernia repair evaluated their results in 25 patients 
over a 7-year period. Twelve patients underwent laparo-
scopic repair successfully completed in 11 patients while the 
remaining patients underwent open repairs. While the opera-
tive times were longer for the laparoscopic repairs (172 min 
vs. 137 min), the length of stay was shorter (3.1 days vs. 
5.1 days). However, the recurrence rates were high in both 
groups occurring in four laparoscopic cases (33.3%) and 
seven open cases (53.8%).74

High Output Stomas

The long debate as to which stoma is best for the patient, 
colostomy or ileostomy will likely continue for years to 
come. The advantages of the colostomy include more formed 
stool with the ultimate possibility of stomal irrigation and not 
using an appliance. Many claim that the more solid effluent 
is easier to manage and there are far fewer cases of dehydra-
tion associated with the colostomy. However, others feel that 
the ileostomy with its smaller size and ease of reversal may 
be better. But the more voluminous and more liquid effluent 
typical of the ileostomy may make these patients more prone 
to electrolyte disturbances and dehydration with marked 
diarrhea and dehydration occurring in 5–20% of ileostomy 
patients particularly in the early postoperative period. An 
ileostomy typically begins to function by the third or fourth 
postoperative day with peaks of over 3 l of output by the 
fourth postoperative day.75 Hyponatremia may ensue since 
the ostomy effluent is rich in sodium. In fact, even healthy 
patients with an ileostomy have been shown to in a chronic 
state of sodium and water depletion.15 The normal ileos-
tomy may lose in the range of 600 ml per day and 75 mmol 
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of sodium per day. Therefore, serum  electrolytes must be 
checked postoperatively and replenished with appropriate 
intravenous fluid selection. The small bowel often adapts 
quickly and the stoma output will thicken up especially when 
a diet is resumed. Patients should be told to drink plenty of 
fluids should they have a stoma with many of the popular 
sport drinks being suitable for fluid and electrolyte replen-
ishment.

Once patients become dehydrated they also become 
uremic, often resulting in nausea secondary to the uremia. 
As such they have less desire to drink more fluids caus-
ing them to become more uremic and then more nause-
ated. This vicious cycle will continue until the patient is 
hospitalized and the intravascular volume is replenished 
with intravenous fluids. The stoma output will need to be 
controlled with anti-diarrheal agents or bile salt binders. 
Opiates may also be used to slow down small bowel transit. 
In extreme cases, injections of somatostatin may be used to 
reduce salt and water excretion and slow gastrointestinal 
tract motility.76 Elements of the diet that increase stoma 
output such as foods high in sugar, salt, or fat should also 
be avoided.

Stone Formation

Another problem in patients with an ileostomy is the devel-
opment of urinary stones. It has been estimated that up to 
12% of patients with an ileostomy may develop urinary 
stones and the numbers seem to be higher in those patients 
who have had small bowel resected in addition to having an 
ileostomy.77 While serum calcium, Vitamin D, and urinary 
calcium are often normal in these patients, it appears that a 
high level of uric acid is the main cause of the stone forma-
tion. As such, serum uric acid levels should be monitored 
in these patients and they should be started on allopurinol 
prophylactically if the levels remain high.78,79

The mechanism of urinary stone formation seems to be 
multifactorial. However, it is likely related to the fact that 
the uric acid crystals act as a nucleus for the precipitation of 
calcium salts. In addition, the hyperuricemia may allow the 
calcium oxalate crystals to form more readily by lowering 
the saturation index.80 This may also be facilitated by the 
excess loss of fecal water, sodium, and bicarbonate, all of 
which reduces urinary pH and volume.81 The acidic urine 
also favors the precipitation of uric acid. Patients should be 
advised to increase their fluid intake and possibly eliminate 
foods rich in oxalate such as spinach and some leafy veg-
etables.82

Whether there is a higher incidence of gallstone formation 
in patients with an ileostomy remains controversial. There 
does seem to be, however, a higher incidence of gallstones 
if there has been a resection of more than 10 cm of terminal 
ileum because of the increased loss of bile salts. This loss 
leads to a reduction in the bile salt pool causing instabil-
ity in the solubility of cholesterol, thereby causing gallstone 
formation.83

Intestinal Obstruction

Intestinal obstruction may occur after any abdominal  surgical 
procedure. Therefore, the true incidence of intestinal obstruc-
tion after stoma formation is not really known. In addition, 
how many obstructions are directly related to the stoma 
itself is not clear. However, there have been papers reporting 
bowel obstruction occurring in up to 20% of patients with an 
ileostomy. As in most cases, adhesions are probably the most 
common cause, but small bowel volvulus, internal hernia, 
or even incarcerated parastomal hernias may also be con-
tributing factors. Some surgeons have suggested closing off 
the lateral peritoneal reflection around the stoma site or even 
bringing the bowel up to the skin in an extraperitoneal fash-
ion in order to prevent internal hernia formation and  torsion. 
However, there has never been proven true benefit to any of 
these methods.

Intestinal obstruction in patients with a stoma is handled 
as in any other case of bowel obstruction. The patients should 
be supported with intravenous fluids and nasogastric tube 
decompression of the bowel with serial abdominal exams 
and X-rays. Unresolving obstructions will need operative 
exploration and lysis of adhesions. If patients present with 
peritonitis with a bowel obstruction or signs of bowel isch-
emia then patients should be quickly resuscitated and taken 
to the operating room emergently for exploration. In this set-
ting, many surgeons prefer a laparotomy to a laparoscopic 
approach since bowel distension may make laparoscopy dif-
ficult. If one suspects torsion of the bowel around the stoma 
site then it is unlikely that this will resolve without operative 
intervention.

Mention must be made of food bolus obstruction. Many 
patients with an ileostomy will develop signs and symptoms 
of bowel obstruction owing to the accumulation of poorly 
masticated or digested food (e.g., popcorn, peanuts, fresh 
fruits, meat, and vegetables). A careful history may reveal 
dietary indiscretions. Further, the possibility of a food bolus 
obstruction should be considered in any patient with an 
ileostomy who has radiologic evidence of a distal obstruc-
tion. A well-lubricated finger can be gently inserted into the 
stoma to feel for impacted material. A red rubber catheter 
is inserted gently into the ostomy and saline irrigation initi-
ated. If suspicious concretions begin to pass into the stoma, 
the irrigations may be carefully repeated until the obstruc-
tion is relieved. A water soluble contrast enema through the 
obstructed stoma may also be both diagnostic and therapeutic 
by dislodging the bolus. Most of these food bolus obstruc-
tions resolve on their own and do not require surgery.

Ischemic Stomas

Many stomas may initially appear edematous and congested 
after stomal creation due to mechanical trauma and the com-
pression of the small mesenteric vessels as they traverse 
the abdominal wall. This often resolves within a few days 
to weeks after surgery. However, true stomal ischemia is a 
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much more serious problem and often occurs due to ten-
sion of the mesentery as the bowel exits the abdominal wall. 
It may also be related to the exteriorized portion of bowel 
being excessively stripped of its mesentery. Stoma creation 
becomes challenging in the morbidly obese patient and these 
patients in particular will require extensive mobilization of 
the bowel prior to exteriorization in order to avoid tension. 
In addition, the fascial opening will need to be of sufficient 
size in order not to compromise the mesenteric blood supply. 
If there is concern about bowel viability after surgery, one 
can simply insert a glass test tube or sigmoidoscope into the 
stoma in order to determine if the bowel is viable beneath the 
tip of the stoma. If the stoma is viable at the fascial level, then 
the patient may be carefully observed. However, if there is 
question about the viability of the stoma at the fascial level, 
the patient should be returned to the operating room in order 
to undergo stoma revision.

Proper stoma creation remains one of the most vital parts 
of the surgical procedure even though it is often the last part 
of a possibly long operation. Patient lifestyle and comfort 
depends on a well formed and viable stoma. The few extra 
efforts made during the stoma construction is often worth 
the days, weeks, or months of misery for the patient from a 
poorly done and ischemic stoma. While early stomal isch-
emia has been reported in 1–10% of colostomies and 1–5% 
of ileostomies,84 stoma viability does not often get better 
once the patient is awake.

Stoma Prolapse

Stomal prolapse is a more common complication of loop 
than end stomas. This problem often occurs in patients 
with redundant segments of bowel and in those with a large 
enough fascial opening to permit such prolapse and intussus-
ception. These patients commonly have parastomal hernias 
associated with the prolapse. Once again, the most conserva-
tive manner in which to manage this problem may be found 
with good enterostomal care. Often the appliances are cut 
to fit appropriately around the enlarged stoma with particu-
lar attention to providing good skin care around the stoma.  
A study investigating the cause of loop transverse colostomy 
prolapse revealed that the prolapse is the result of a redun-
dant colon that invades the stoma with increased abdominal 
pressure. A suggestion of fixating the colon to the fascia may 
prevent this complication.85

The best way to treat a stomal prolapse is to reverse the 
stoma. If the stoma was initially planned as a temporiz-
ing stoma then the enterostomal therapist should assist the 
patient with managing the prolapse until the patient is ready 
to have the stoma reversed. Stoma reversal in these patients 
is usually straightforward and is often easily accomplished 
through a parastomal incision. Since these stomas are often 
loop stomas, both sides of the bowel are easily accessible 
and the bowel may be reanastomosed with sutures or sta-
pling devices. However, if the stoma is a permanent one, then 
a technique to correct this problem under local anesthesia by 

amputating the excess bowel and reconstructing the stoma at 
the desired level with a linear stapler has been described.86

Stomal Irrigation and Continence

For those patients not desiring to wear an appliance, colos-
tomy irrigation may provide an alternative. Colostomy irri-
gation may be learned by patients and may improve their 
quality of life and reduce overall costs. A study from Singa-
pore in 26 patients who underwent abdominoperineal resec-
tion and ultimately learned stomal irrigation reported an 
improvement in stomal continence, sleep, sex, and skin com-
plications compared to patients who did not learn or practice 
this technique and were clearly more satisfied. In addition, 
this study showed a cost reduction with this technique since 
the patients no longer needed appliances.87

However, colostomy irrigation requires a level of motiva-
tion, intelligence, and dexterity on the part of the patient. The 
device to irrigate consists of a reservoir with tubing that is 
placed via a stoma cone into the colostomy. About 500 ml 
to 1 l of room temperature water is infused into the bowel 
depending on patient tolerance. Then a drainage sleeve is 
placed over the stoma to allow for stool drainage. An earlier 
study reported that 71% of patients were  continent with stomal 
irrigation while only 20% complained of leakage of gas.88

Many patients with a permanent stoma would prefer 
continence rather than wearing an appliance. Continent 
colostomy reservoirs have been tried but have largely been 
abandoned due to high rates of failure, sepsis, and general-
ized poor results. Attempts at using the cecum for such a 
reservoir with its less solid stool have also proven to be rela-
tively unsuccessful as well.

The Kock pouch, or continent ileostomy, today remains 
the best option for patients seeking to maintain some degree 
of continence of liquid stool and gas. Dr. Nils Kock designed 
this pouch in 1969. He then described a continent internal 
reservoir from the patient’s small intestine by involuting a 
segment of small bowel to make a “nipple valve.” Patients 
are required to empty these pouches with a catheter several 
times a day via a flat slit created in the abdominal wall.89 
While there have been reports of improved lifestyle particu-
larly in younger patients, problems remain with nipple valve 
slippage and nearly 50% of these patients will require another 
operation rate as a result of this. A relatively recent study 
evaluating the benefits of continent stomas constructed with 
various segments of bowel showed that while there are good 
outcomes there is an overall complication rate of 23.5%.90

Stoma Reversal

Stoma reversal may be either one of the easiest or most 
challenging procedures to perform depending on the type 
of stoma and the length of time the stoma has been in 
place. The procedure may be associated with significant 
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morbidity as well. While most patients recover well from 
such surgery, severe complications can result in death. A 
recent systematic review of 48 studies of ileostomy rever-
sal included over 600 patients from 18 countries. The 
overall morbidity after loop ileostomy reversal was 17.3% 
with a mortality rate of 0.4%. Less than 4% of patients 
required a laparotomy in order to facilitate the reversal. 
The most common postoperative complications were small 
bowel obstruction (7.2%) and wound infection (5.0%). The 
authors of this review concluded that while stoma creation 
may be considered necessary for anastomotic protection, 
the reversal is certainly far from a risk-free procedure.91 
Another study confirmed these same results reporting 
complications in as many as one-third of the patients who 
underwent ileostomy reversal with 3% of the patients dying 
after the surgery.92

Prior to stoma reversal the patients must be appropriately 
studied to ensure that it is safe to reverse the stoma. If the 
stoma was an end stoma, the surgeon must ensure that there 
is adequate length of bowel distally in which to perform 
the anastomosis. The patient may require a sigmoidoscopic 
evaluation of this portion of the bowel or a contrast enema. 
In addition, the proximal colon should always be evaluated 
prior to end colostomy reversal to ensure that there are no 
lesions present. This assessment may be done endoscopi-
cally or radiographically.

If the patient has a loop stoma that was performed to pro-
tect a distal anastomosis, one must ensure that this anastomo-
sis is healed prior to the stoma reversal. If the anastomosis is 
low enough, it may be examined by digital rectal examina-
tion. Nevertheless, many surgeons prefer to visualize it with 
a sigmoidoscopic examination as well as a contrast enema 
to ensure anastomotic integrity. However, a prospective 
study reviewing contrast radiology of colonic j-pouches in 
48 patients revealed that 46 of these patients had no clinical 
or radiographic evidence of leak. The authors concluded that 
the radiologic tests did not add much to the clinical assess-
ment of these patients and was not necessary.93

The easiest stomas to reverse are traditionally the loop 
stomas. As discussed previously, both limbs of bowel are 
present and as such they simply need to be reanastomosed 
and returned to the abdominal cavity. This is often accom-
plished through a parastomal incision. However, if the bowel 
is stuck to the underlying tissues, the fascia or other loops of 
bowel within the abdominal cavity, then a formal laparotomy 
may need to be performed. Since the visibility around the 
stoma site is often limited, it is important to ensure that there 
are no inadvertent injuries made to any other loops of bowel. 
Once fully mobilized, loop stomas may be closed with the 
use of linear staplers by converting the bowel into a side to 
side or functional end to end bowel anastomosis. Alterna-
tively, they may be closed by leaving the back wall intact 
and sewing the anterior wall of the bowel together. Many 
surgeons prefer using the side to side technique since this 
often leaves a wider anastomosis. After returning the bowel 

to the abdominal cavity the fascia is simply closed leaving 
the skin open for drainage and packing.

Hartman’s stoma reversal is often more challenging. The 
abdominal cavity must be explored in order to locate the dis-
tal portion of the bowel. The distal bowel is often atrophied 
and may be friable from long standing diversion. This may 
make it difficult to use staplers especially circular stapling 
devices. Care must be taken in order not to tear or injure 
the serosa of the distal limb of bowel. In some select dif-
ficult cases, the surgeon may opt to redivert the patient with 
a proximal loop stoma after performing end stoma reversal 
if there is concern about the anastomosis. Salem and his col-
leagues found that the length of time from stoma creation to 
reversal made a difference in terms of whether or not another 
stoma was used in the reversal procedure suggesting that 
increased time made the reversal a more difficult operation.94 
Other surgeons have shared this feeling anecdotally as well.

Laparoscopic end stoma reversal may be a very difficult 
procedure to perform particularly if the initial stoma was 
created for a severe inflammatory process. The abdomen 
may be filled with adhesions making it harder to identify 
the distal segment of bowel and requiring an extensive lap-
aroscopic adhesiolysis. A recent study from Israel compar-
ing their results of laparoscopic to open Hartman’s reversal 
revealed a conversion rate of 19.5% mainly due to dense 
adhesions and difficulty in identifying the rectal remnant. 
There were no mortalities, no anastomotic leaks, slightly 
shorter operative times (193 min vs. 209 min), less blood 
loss, shorter time to return of bowel function (4.1 days vs. 
5.2 days), and shorter hospital stay (6.4 days vs. 8.0 days) 
in the laparoscopic group. They concluded that there were 
significant advantages in the laparoscopic approach for Hart-
man’s reversal.95 Another study comparing laparoscopic to 
open Hartman’s reversal reported a high morbidity for both 
procedures while it was significantly lower for the laparo-
scopic group. While the operative times were longer in the 
laparoscopic group, the hospital length of stay was shorter 
in the laparoscopic group (4.8 days vs. 6.8 days). They too 
concluded that laparoscopic Hartman’s reversal was a rea-
sonable procedure with some obvious advantages over the 
open reversal.96

Not all patients are candidates for Hartman’s reversal. In 
fact, many studies have suggested that many patients may 
never undergo stoma reversal because of their comorbidi-
ties. A recent review from the Cleveland Clinic showed that 
30% of their patients studied did not undergo Hartman’s 
reversal. They reviewed several variables including Ameri-
can  Association of Anesthesiologist’s score, patient age, 
pulmonary comorbidities, patient’s use of anticoagulants, 
preoperative blood transfusion, and initial surgery due to 
bowel perforation in order to derive at a predictive score to 
determine if patient’s should be considered for stoma rever-
sal. This may help surgeons use objective criteria to select 
the best patient’s for stoma reversal in order to improve sur-
gical outcomes.97
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Summary

Intestinal stomas remain a surgical option used for many 
 different reasons but most importantly as a measure to 
treat or attempt to prevent complications. However, ironi-
cally, intestinal stomas are also associated with significant 
complications and as with any procedure the surgeon must 
weigh the risks and benefits of stoma creation in order to 
decide if it is truly necessary for the disease process being 
treated.

Acknowledgment. This chapter was written by Bruce Orkin, 
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32
Constipation and Functional Bowel Disorders
Madhulika G. Varma and Brooke H. Gurland

Definition and Prevalence

Constipation is one of the most common complaints voiced 
to primary care physicians, internists, gastroenterologists, 
and colorectal surgeons alike, with prevalence in North 
America estimated between 2 and 27%.1,2 This broad range 
reflects a lack of agreement between how patients and physi-
cians perceive constipation because definitions are variable 
and may refer to infrequent or hard bowel movements, or to 
difficulty with evacuation. In addition, complaints of consti-
pation are two to three times more common in women than 
men. Knowles et al. reported that of 2,004 patients evaluated 
by transit study at three European tertiary referral centers for 
intractable constipation, 92% were women.3 In a cohort of 
2,000 women aged 40–69 years, 60% self-reported symp-
toms of difficult rectal evacuation over the last 12 months 
while 12% reported these symptoms weekly.4 This differ-
ence can be explained by the vast diversity of how women 
define normal female bowel habits. Zutshi et al.5 identified 
that women were more inclined to view their own habits as 
normal and perceive other habits unlike theirs as abnormal 
through self-reported questionnaires.

The incidence of constipation increases with age, and it 
is higher in nonwhites than whites, in people from a lower 
socioeconomic and educational status, and in the southern 
USA. A study done by Talley et al.6 looking at elderly resi-
dents of Olmstead County in Minnesota further underscored 
the enormity of the problem by finding that nearly one in two 
women and one in three men over the age of 65 either had 
complaints of constipation or took laxatives.

The ROME Criteria were established to develop defi-
nitions, to augment research, and to evaluate treatment 
 outcomes for functional gastrointestinal disorders.7 Criteria 
for constipation are as follows:

Less than three bowel movements per week.•	
Straining more than 25% of the time.•	
Hard stools more than 25% of the time.•	
Incomplete evacuation more than 25% of the time.•	

When utilizing the standardized definitions of the Rome 
Criteria,7 the prevalence of constipation in North America is 
estimated at 15%.

Validated symptom severity scores for constipation have 
also been developed, which are useful to assess the response 
to treatment, but their role in routine clinical practice has not 
been defined yet.8–11 The Bristol stool scale is a visual repre-
sentation of stool form and helps to subtype functional bowel 
disorders (Figure 32-1).8

Etiologies of Constipation

Constipation can be secondary to a myriad of conditions and 
medications. Physiologically, a number of complex interac-
tions are necessary for the development of formed stool, 
the passage of stool through the colon, and the elimination 
of the stool bolus. The normal process of defecation requires 
the coordinated effort of colonic motility, rectal sensation, 
and pelvic floor relaxation.

Diet affects the size, consistency, and frequency of bowel 
movements; dietary fiber intake is highly correlated with stool 
bulk. For instance, inhabitants of countries with higher fiber 
intake pass more voluminous stool than those in countries 
with a lower intake of dietary fiber. Inhabitants of Western 
countries typically ingest inadequate amounts of fiber, sec-
ondary to reliance on processed grains. Since colonic disten-
sion triggers peristalsis, bulkier stools are a stronger and more 
efficient stimulus for colonic propulsion than smaller stools.

Many medical conditions are also recognized to affect 
bowel function. Metabolic and endocrine disorders such as 
hypothyroidism and diabetes, connective tissue disorders 
such as lupus and scleroderma, neurologic illness, immobili-
zation, and psychiatric disease are a few of a long list of med-
ical maladies associated with elevated rates of constipation. 
More colorectal-specific conditions, such as intrinsic colonic 
disease, can lead to decreased motility. Hirschsprung’s disease 
and Chagas’ disease alter the function of the colon through 
damage to the enteric nervous system. Colonic  stricture, 
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secondary to carcinoma, inflammatory bowel disease, radia-
tion, or endometriosis, can cause colonic obstruction and 
altered function. Additionally, there is an ever-increasing list 
of medications for certain medical disorders like hyperten-
sion that can actually promote the development of constipa-
tion. Opiate and anticholinergic use, as well as laxative abuse, 
may also be associated with constipation. Factors associated 
with constipation are summarized in Table 32-1.

Subtypes of Constipation

Patients can be further classified by associated findings 
such as slow transit (motility disorders), irritable bowel syn-
drome (IBS), and pelvic floor dysfunction, also described as 
obstructed defecation syndrome (ODS) or mixed disorders. 
Motility disorders can be isolated to the colon (colonic iner-
tia aka slow-transit constipation) or can affect the stomach 
and small bowel. Colonic inertia (CI) is frequently associ-
ated with constipation since childhood, fewer than 3 BMs 
per week, and laxative dependence. IBS-C (constipation 
subtype) is associated with abdominal pain, irregular bowel 
habits, and pain relieved by defecation. ODS refers to a 
 constellation of symptoms such as prolonged repeated strain-
ing at bowel movements, sensation of incomplete evacuation, 
and the need for digital manipulation. Overlap between the 
various subtypes of constipation can coexist. Although clini-
cal history can be suggestive as to which type of constipation 
motility disorders and ODS can coexist in the same patient, 
diagnostic testing is confirmatory.

History and Physical Examination

The evaluation of constipation begins with a thorough his-
tory. Specific details of the patients’ complaints, stool size, 
frequency, consistency, and ease and efficacy of evacuation 
should be noted. The age at onset of symptoms, diet and 
exercise details, medical history, surgical history, and medi-
cations should be recorded. A patient diary of dietary intake, 
evacuation frequency, stool consistency, and any associated 
symptoms can be very helpful to both the patient and the 
 medical provider. Query into psychiatric illness and sexual 
and p hysical abuse must be performed as they are often asso-
ciated with defecation difficulties.9 Multicompartment pelvic 
floor symptoms such as urinary dysfunction, pelvic organ 
and prolapse, and sexual dysfunction needs to be elicited, 
and appropriate referrals to other pelvic floor specialists in 
urology and urogynecology should be made for combined 
treatment.

Physical examination in patients with motility disorders 
and IBS-C will be frequently unremarkable, but abdominal 
distension may be noted. Evaluation for pelvic floor dys-
function includes vaginal, perineal, and rectal examination. 
Bulging of the posterior vaginal wall beyond the hiatus is 
consistent with advanced prolapse and may represent a 
rectocele, enterocele, or sigmoidocele. Examination in the 
standing position with a finger in the rectum and vagina may 
be performed to elicit the maximal prolapse of the pelvic 
organs as they descend through the pouch of Douglas and 
genital hiatus. A gaping patulous anus may indicate neu-
rological injury, intraanal intussusception, or full-thickness 

Figure 32-1. Bristol Stool Scale. (Adapted with permission from Lewis and Heaton, © 1997 Informa Healthcare. Reproduced with permission).
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rectal prolapse. Flattening of the perineum during Valsalva 
beyond the ischial tuberosities is suggestive of excessive 
perineal descent. Sphincter coordination is noted on anorec-
tal examination when patients are asked to squeeze, relax, 
and push. Digital examination evaluates resting anal tone and 
squeeze strength, and can identify a large rectocele, sphincter 
defect, or no movement of the pelvic floor muscles. Valsalva 
maneuver or simulated defecation on a commode is useful to 
elicit full-thickness rectal prolapse. Anoscopy is performed 
to evaluate patients for mucosal abnormalities and rectoanal 
intussusception.

Diagnostic Testing

The subtypes of constipation are not mutually exclusive, and 
careful evaluation is important to guide treatment. Labora-
tory testing with thyroid studies and calcium levels are useful 
to exclude metabolic etiologies of constipation. Obstructing 
colon lesions and inflammatory conditions such as IBD or 

diverticulitis must be excluded by colonoscopy or GI con-
trast studies before considering functional etiologies.

Additional testing is reserved for patients who fail medi-
cal therapy. Radiological and anorectal studies are very use-
ful to determine different pathologic mechanisms and to 
distinguish between normal versus slow transit and outlet 
dysfunction constipation.

Diagnostic Studies to Evaluate Intestinal Transit

Intestinal transit time can be estimated through various 
modalities. The most widely available technique for deter-
mining colonic transit uses radiopaque markers and radio-
graphs of the abdomen. The concept of assessing transit 
using markers was first developed by Hinton et al.10 modified 
by Martelli et al.,11 and further changed by Metcalf et al.12

The patient should refrain from all enemas, laxatives, 
and most medications for 2 days prior to the ingestion of 24 
radiopaque markers. The patient is required to ingest 30 g of 
fiber daily during the test and must continue to refrain from 
taking medication and laxatives. An abdominal radiograph 
is obtained on the fifth day, and the distribution and number 
of markers present in the colon is noted. Eighty percent of 
normal patients will have passed all the markers by 5 days. If 
the markers remain scattered throughout the colon and more 
than 20% of the markers remain in the colon, colonic inertia 
can be diagnosed. If the markers are found to have accumu-
lated in the rectum, traditional teaching suggests that this is  
a diagnostic of outlet obstruction constipation (Figure 32-2).  
However, Cowlam et al.13 refuted this hypothesis after evaluat-
ing the distribution of markers in 108 patients with functional 
constipation. They found no correlation between the pattern 
of marker distribution and any of the parameters denoting 
outlet obstruction.

There are many variations described for marker distri-
bution. A more precise assessment of transit delay can be 
obtained by having the patient ingest radiopaque markers for 
three sequential days while following the same instructions 
and obtaining a radiograph on the fourth and seventh day. 
The number and distribution of the markers are tabulated and 
totaled. The resultant numeric values can then be compared 
to the established value for normal controls. The mean colon 
transit time through the entire colon in humans has been 
shown to be 31 h in males and 39 h in women. In the general 
population, 95% of patients will have a transit time of less 
than 65 h in men and 75 h in women. Patients with normal 
transit constipation will have a colon transit time that is in 
the normal range.

Another variation is to have the patient ingest a marker cap-
sule (with 24 markers) on Sunday night and obtain abdomi-
nal films on Monday, Wednesday, and Friday morning. All 
markers in the colon on the Monday morning film provides 
a gross assurance that gastric and small intestinal transit are 
normal. The other two films provide additional documenta-
tion of colonic transit. The transit study can also be performed 

Table 32-1. Factors associated with constipation

Lifestyle
 Inadequate fluid intake
 Inadequate fiber intake
 Inactivity
 Laxative abuse
Medications
 Opiates
 Anticholinergics
 Iron
Medical illness
 Neurologic
  Spinal cord dysfunction/damage
  Parkinson’s disease
  Multiple sclerosis
 Endocrine/metabolic dysfunction
  Diabetes mellitus
  Hypothyroidism
  Electrolyte abnormalities
  Uremia
  Hypercalcemia
  Porphyria
Psychological
 Depression
 Anorexia
 Psychiatric illness
 Sexual abuse
Colonic structure/function
 Cancer
 Crohn’s disease
 Irradiation
 Endometriosis
 Hirschsprung’s disease
 Chagas’ disease
Pelvic floor abnormality
 Nonrelaxing puborectalis
 Anal stenosis
 Rectocoele/enterocoele
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with ingestion of one capsule and a single X-ray image on 
either day 5, 6, or 7. More than 20% of the markers remain-
ing in the colon may suggest colonic dysmotility.

Scintigraphic evaluation of intestinal transit, though not 
as widely available as other evaluative tools, is useful in the 
assessment of transit in the colon and proximal gut.14 Tran-
sit times obtained through scintigraphy are generated by 
following the passage of a radiolabeled meal. Small-bowel 
and gastric emptying rates can also be estimated with this 
examination.

Small-bowel transit time may also be measured with a 
lactulose hydrogen breath test. The principle of this exami-
nation is that hydrogen produced through lactulose fermen-
tation only occurs in the colon. If one records the time from 
ingestion of lactulose to hydrogen production, small-bowel 
transit time can be inferred.

A wireless capsule, Smartpill® (Smartpill Corp., Buf-
falo, NY), is now available in the USA to measure intesti-
nal motility. The SmartPill® Capsule collects pH, pressure, 
and temperature data throughout the entire gastrointestinal 
tract estimating total gut transit.15 However, the availability, 
reimbursement, and expertise in interpretation of the Smart-
Pill® Capsule make it difficult to determine its ultimate use 
in clinical practice.

Diagnostic Studies to Evaluate Pelvic  
Floor Dysfunction

Anal manometry evaluates resting and squeeze pressure of 
the sphincter over the length of the anal canal and any rectal 
sensory deficits. Often with constipation, patients exhibit inter-
nal sphincter hypertonia with poor incremental squeeze pres-
sures. The volume noted at first sensation can be blunted, i.e., 
requiring larger volumes to obtain a sensory response, and the 
maximum tolerated volume can also be blunted. The presence 
of the rectal anal inhibitory reflex (RAIR) is useful to exclude 
Hirschsprung’s disease. Electromyography aids in the diagnosis 
of puborectalis syndrome by indicating a paradoxical or nonre-
laxing muscle. Balloon expulsion is an inexpensive method to 
assess ability to evacuate. Normal studies indicate the ability to 
evacuate a 50–100 cc balloon in less than 1 min.16

Defecography is the gold standard to confirm evacuatory 
dysfunction due to intussusception, rectal prolapse, enterocele, 
sigmoidocele, rectocele, and perineal descent. Defecography is 
done with contrast in the small bowel to demonstrate an entero-
cele, or in the vagina, rectum, and sigmoid to demonstrate a 
sigmoidocele and to evaluate the anorectal angle, rectocele, 
and the residual content after evacuation.17 Some centers use 
a dynamic MRI, but the technique varies. For the best images, 
complete evacuation of the contrast during the MRI after val-
salva will most likely simulate defecation. Defecating MRI has 
advantages over traditional defecography because it involves 
less radiation and provides multicompartment images. How-
ever, defecating in the supine position is not physiologic, and 
the sitting MRI is not universally available. 18

Pelvic floor findings may be asymptomatic or may be sec-
ondary to chronic straining as a result of underlying motility 
disorders, and clinical correlation is highly recommended 
prior to considering surgery based on radiologic diagnoses. 
For patients with pelvic floor dysfunction who demonstrate 
dysnergic defecation, randomized controlled trials show that 
biofeedback is superior to laxatives, sham treatments, and alter-
native therapies.19 In the setting of rectal intussusception, rec-
tocele and mucosal prolapse, stapled transanal rectal resection 
(STARR) can be offered. STARR employs a double stapled 
circumferential full-thickness resection of the lower rectum 
using specialized stapling guns (Ethicon Endosurgery, Cincin-
nati, OH, USA). Modifications to the design of the staples and 
the device since its initial reports involve a reloadable curved 
cutter stapler, the Countour® Transtar™ (Ethicon Endosurgery, 
Cincinnati, OH, USA), for perineal proctectomy.20 The first 
staple line placed anteriorly reduces the intussusception and 
the bulging rectocele, correcting the anterior wall defect, and 
the second staple line placed posteriorly is aimed at correct-
ing the intussusception. Prospective multicenter trials reveal 
initial and long-term symptom improvement of obstructed 
defecation after STARR.21–24 A randomized controlled trial 
of STARR versus biofeedback revealed that STARR is more 
effective for treatment of evacuatory dysfunction.25 For patients 
with a clinical or radiologic rectocele and retained rectal con-
trast, rectocele repair can be suggested. A rectocele occurs 

Figure 32-2. Marker study revealing colonic inertia.
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due to a defect in the rectal vaginal septum and protrusion of 
the anterior rectum into the posterior vagina wall. Rectocele 
repair can be performed via transvaginal, transperineal, or 
transperineal approach with 75–80% reported bowel symp-
toms improvements.26 Enterocele involves descent of small 
bowel into the lower pelvic cavity, leading to mechanical 
obstruction of the rectum. An enterocele results from a defect 
in the integrity of the endopelvic fascia at the vaginal apex, 
and repair can be performed via a transabdominal, laparo-
scopic, or vaginal route and is usually performed in con-
junction with other pelvic floor procedures. A sigmoidocele 
refers to descent of the sigmoid colon into the lower pelvic 
cavity leading to  compression and mechanical obstruction of 
the rectum. Sigmoid resection or sigmoidopexy in conjunc-
tion with posterior compartment repair has been shown to be 
effective in relieving symptoms of obstructed defecation in a 
limited number of patients.27,28

Medical Treatment of Constipation

Treatment of constipation is initiated with careful listening 
and validation of the patient’s disability. Unfortunately, the 
community and health-care providers often fail to recognize or 
acknowledge the severe debilitation associated with this con-
dition, and thus many patients do not get the attention or credi-
bility associated with other diseases. Medical providers should 
strive to decrease patient anxiety over the act of defecation, to 
dispel the fear of malignancy, and to reassure the patient that a 
daily bowel movement is not requisite to good health.

Initial treatment of constipation focuses on review and mod-
ification of medications, lifestyle changes, and the intake of 
agents that affect the formation and composition of stool. Sim-
ple measures that can influence the passage of colonic content 
are increasing physical activity and fluid intake. Exercise, as 
limited as even gentle walking, can facilitate the elimination of 
stool. Fluid intake can cause the stool to be softer and easier to 
pass, along with other agents that can act to stimulate the colon 
to propel stool. Osmotic laxatives, stimulants, and enemas 
should be reserved for treatment of acute bouts of discomfort.

Lack of dietary fiber intake is a major factor in the devel-
opment of constipation symptoms. Bulk forming agents are a 
first line therapy in the prevention and treatment of constipa-
tion. These agents facilitate an increase in the size of the stool 
bolus as well as make the stool softer. Bulking agents promote 
these changes by delivering a mass of nondigestible substrate 
to the colon and due to their hydrophilic nature, facilitate the 
absorption and retention of fluid in the stool. These substrates 
are derived from the nondigestible components of plants or 
are synthetic methylcellulose derivatives. Common bulk 
agents are psyllium (Metamucil®, Konsyl®), methylcellulose 
(Citrucel®), and calcium polycarbophil (Fibercon®). Side 
effects of fiber therapy include bloating and flatulence.

Osmotic laxatives are a class of medications that promote 
the accumulation of large volumes of fluid in the colon lumen 

through the delivery of osmotically active molecules into the 
small and large bowel. The osmotically active particles can 
be derived from sugars or salts such as sucrose-based sorbi-
tol and lactulose. Lactulose is degraded in the colon yielding 
the production of fatty acids, hydrogen, and carbon dioxide. 
MiraLAX® (polyethylene glycol 3350) is an over-the-coun-
ter osmotic laxative that increases the frequency of bowel 
moments and softens the stool, so it is easy to pass. It is one of 
the most commonly recommended laxatives found to be safe 
and effective for everyday use.

Osmotic laxatives can also be based on nonabsorbable 
ions, commonly derived from magnesium or phosphate. 
Examples are magnesium hydroxide (Milk of Magnesia®) 
or sodium phosphate (Fleets® Phosphosoda). Caution must 
be exercised in patients with renal insufficiency as hyper-
magnesemia and renal failure can result. Other polyethylene 
glycol-based products such as NuLYTELY® or GoLYTELY® 
are used in many bowel cleansing regimes. Chronic use can 
lead to electrolyte disturbances and dehydration.

Colonic irritants are a class of agents that diminish consti-
pation through stimulation of colonic motility. Examples are 
anthracene derivatives, which include senna and cascara and 
are found in Senekot® and Pericolace®. Long-term anthra-
cene intake can generate a characteristic brown discolor-
ation of the mucosa called pseudomelanosis coli. Bisacodyl 
is another irritant and can be found in the agent Dulcolax®. 
Long-term utilization of anthracene irritants may lead to 
poor colon function; therefore, such use is discouraged.

Mineral oil and docusate sodium (Colace®) are laxatives 
that act through the manipulation of stool composition. Min-
eral oil coats the stool bolus, preventing fluid loss. Docusate 
sodium lowers the surface tension at the stool–water inter-
face, allowing greater penetration of the stool with fluid.

Enemas and suppositories are used to stimulate bowel move-
ments. Strategies include promotion of defecation through 
distension (saline enema), rectal irritation (soapsuds, bisa-
codyl), or physical softening of the stool (glycerine). Enema 
therapy can be habituating and therefore should be used with 
caution to avoid dependency.

There have been a number of promotility agents that were 
initially available but were later recalled based on their tox-
icity profile. Lubiprostone (Amitizia®) is still commercially 
available for use in patients with functional constipation and 
IBS-C.29,30 Lubiprostone (a bicyclic fatty acid) is a chloride 
channel activator that induces intestinal secretion without 
elevating serum electrolyte levels. It activates C1C-2 chlo-
ride channels in the apical membrane of the intestinal epithe-
lium. It is Food and Drug Administration (FDA) approved 
for the treatment of chronic idiopathic constipation in the 
adult population (including patients > 65 years old) at the 
dose of 25 mg bid and for IBS constipation subtype patients 
at 8 mg bid. The most commonly reported adverse reactions 
include nausea, diarrhea, and headaches, causing patients to 
discontinue treatment. The cost of the medications can also 
be prohibitive for some patients.
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Colonic Inertia

Colonic inertia (CI) represents a severe functional distur-
bance of colonic motility, which results in significant dis-
ability to the patient. In CI, there is ineffective colonic 
propulsion and a failure of a meal or stimulant to enhance 
colonic phasic contractile activity.31 Patients with CI have 
heterogeneous clinical presentations and, like patients with 
normal transit and obstructed defecation syndrome, exhibit 
infrequent defecation and may suffer from abdominal pain, 
bloating, nausea, difficulty with and incomplete evacuation 
of stool. In the majority of patients, symptoms have been 
present since childhood, while others present with symptoms 
later in life without a sentinel event. However, some women 
report a change in bowel habits following hysterectomy or 
childbirth.32

Surgical management of constipation has changed lit-
tle since its initial reports in 1908 when Lane described 
improvement in two thirds of patients after the removal of 
the abdominal colon.33 Surgical intervention can be a good 
tool, but precise evaluation of colonic motility and pelvic 
floor function using the testing paradigm (described earlier 
in this chapter) is critical to identify which patients are most 
likely to benefit from surgical intervention. Issues like slow-
transit constipation may be part of a more widespread dis-
ease affecting the whole gut, and patients with gastric and 
small-bowel dysmotility have less favorable results after sur-
gical intervention than patients with colonic inertia alone.34 
Glia et al.35 demonstrated a trend toward worse outcomes in 
patients with abnormal antroduodenal manometry.

Patients with slow-transit constipation and concomitant 
pelvic floor dysfunction represent a challenging subgroup to 
treat. Bernini et al.36 evaluated 16 patients who had a com-
bination of colonic inertia and nonrelaxing pelvic floor. All 
patients completed preoperative biofeedback training and 
could demonstrate relaxation of the pelvic floor musculature. 
Postoperative symptoms of difficult evacuation persisted, and 
nearly one-half were dissatisfied with their surgery. Hassan 
et al.37 reports contradictory results. Patients with CI and pel-
vic floor dysfunction treated with preoperative biofeedback 
had equivalent long-term functional results and quality of life 
compared to patient with isolated CI. Psychological evalua-
tion and management is important, especially in patients in 
whom surgery is being contemplated. Significant abnormali-
ties have been documented with simple psychologic testing 
with instruments such as the Minnesota multiphasic person-
ality inventory.38

Colectomy

The following surgical options for CI have been reported 
in the literature: total abdominal colectomy with ileorectal 
anastomosis, subtotal colectomy with ileosigmoid anasto-
mosis, and subtotal colectomy with cecorectal anastomosis. 

All three of these procedures are effective at increasing the 
number of bowel movements, but may vary with regard to 
functional results such as diarrhea and fecal incontinence. 
All three of them are also generally amenable to being lap-
aroscopically performed. It is thought that sparing of the 
cecum, the ileocecal valve, and the distal ileal loop will 
leave a physiologic reservoir with colonic flora that promotes 
normal stool consistency and normal absorption of fluid and 
electrolytes.39 However, the possibility of recurrent constipa-
tion still exists. Feng et al.40 compared ileosigmoid anasto-
mosis to cecal rectal anastomosis in 79 patients with a 2-year 
follow-up and found that ileosigmoid anastomosis resulted 
in higher defecation frequency, less use of laxatives and ene-
mas, and higher patient satisfaction.

Knowles et al.41 reviewed 32 series published in the English 
language whose publications included ten or more patients 
treated with colectomy for colonic inertia through the year 
1999. None of the studies were controlled with respect to 
the outcome from other surgical or medical interventions. 
Inconsistent functional results were reported, and it was dif-
ficult to compare outcomes because patient selection was not 
well defined. A median success rate was reported at 86% 
(range 39–100%), and results of subtotal colectomy proved 
to be inferior to those with total abdominal colectomy with 
ileorectal anastomosis. Postoperative fecal incontinence 
was reported in 16 series with a median incidence of 14% 
(range 0–52%). Persistent abdominal pain was reported in 
14 series. Recurrent constipation following surgery was still 
present in 15 series with a median incidence of 9% (range 
0–33%). The median incidence for small-bowel obstruction 
was 18% (2–71%) with a median reoperation rate of 14% 
(0–50%) (Table 32-2). In addition, permanent ileostomies 
were created in 5% of patients due to poor functional out-
come (0–28%).

Preoperative functional evaluation is very important but 
does not guarantee successful outcome following colectomy 
for constipation.45 Routine evaluation of the entire GI tract 
is recommended by some authors due to data that suggests 
that gastric and small-bowel dysmotility have less favor-
able results after surgical intervention than patients with 
colonic inertia alone.34,35,46 However, Zmora et al.49 identi-
fied good results after colectomy in patients with delayed 
small-bowel transit compared to those patients with normal 
small-bowel transit. Thus, the presence of delayed gastric 
or small-bowel motility on preoperative testing is not an 
absolute contraindication but may be a poor prognostic 
indicator resulting in persistent symptoms and continuous 
use of promotility and antinausea medications.

Furthermore, patients with prior sexual trauma have been 
shown to have more functional diagnosis, more precolectomy 
operations, and require more postcolectomy medical care 
for abdominal complaints.50 Patients should be extensively 
counseled prior to surgery about the postoperative persis-
tence of preoperative symptoms and the occurrence of new 
symptoms.
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Segmental Colon Resection

Segmental colon resection has also been suggested to avoid 
the diarrhea associated with abdominal colectomy. In a 
consecutive series of 28 patients with slow-transit constipa-
tion, as determined by scintigraphic transit study, who were 
subsequently treated with segmental colectomy, 23 patients 
were pleased with the outcome.51 The median stool fre-
quency increased from 1 to 7 per week with a median fol-
low-up of 50 months. Since the ability to define segmental 
colonic transit is inexact and not universally available, total 
abdominal colectomy remains the most widely accepted sur-
gical treatment option in the treatment of CI.

Proctocolectomy and Ileal Pouch  
Anal Anastomosis

Proctocolectomy with ileoanal pouch reconstruction has been 
described as a salvage operation for patients with recurrent 
constipation after abdominal colectomy with ileorectal anas-
tomosis for slow-transit constipation. Keighly et al.52 reported 
the results of eight patients, 50% required pouch excision for 
recurrent constipation. Furthermore, two of fifteen patients 
required pouch excision within eighteen months because of 
intractable pelvic pain.53 Proctocolectomy has also been used 
as initial treatment for slow-transit constipation and rectal 
inertia. Overall, significant improvements in lifestyle scores 
were recorded in the categories of physical function, social 
function, pain, and general health for the group during the 
follow-up period following proctocolectomy.

Stoma

Fecal diversion with a permanent stoma is a last resort for the 
patients who fail other modalities. There is little data pub-
lished to guide choice of ileostomy or colostomy, and symp-
toms such as distention and abdominal pain may persist.54 
Although very drastic, this is sometimes the only option for 
patients who fail all other management.

Sacral Nerve Stimulation

Sacral nerve stimulation (SNS) involves low-level chronic 
electrical stimulation to the sacral plexus, producing a physi-
ologic effect on the end organs. As a coincidental finding 
in patients undergoing SNS for lower urinary tract dysfunc-
tion, many patients experienced improved fecal continence, 
an increase in bowel frequency, and improved defecation. 
Small series have investigated its efficacy in patients with 
slow-transit constipation and evacuation dysfunction refrac-
tory to medical therapy.55–58 In general, the number of weekly 
BMs increased, and difficulty with evacuation (here defined 
as unsuccessful visits to the toilet) and time necessary to 
evacuate decreased. The exact mode of action is not known; 
however, it is postulated that sacral neuromodulation may 

involve afferent cortical stimulation, leading to increased 
motility and rectal sensitivity. The mechanism of SNS is 
poorly understood, making it difficult to give precise indica-
tions for eligible patients. However, there is a potential to alter 
colonic motility, pelvic floor and anal sphincter  function, and 
afferent sensation. SNS is presently not approved for use in 
the USA for patients with bowel dysfunction as their primary 
indication.

Antegrade Colonic Enema

Patients with severe bowel dysfunction who are contemplat-
ing a permanent colostomy may find the antegrade colonic 
enema (ACE) procedure as an affirmative viable option. This 
procedure allows easy access to the colon through the abdom-
inal wall with intermittent catheterization, irrigation of the 
colon, and rapid, controlled bowel purging (Figure 32-3). 

Figure 32-3. Antegrade colonic enema (ACE) procedure for colonic 
inertia. This procedure allows easy access to the colon through the 
abdominal wall with intermittent catheterization, irrigation of the 
colon, and rapid, controlled bowel purging (Reprinted with permis-
sion, Cleveland Clinic Center for Medical Art and Photography 
© 2009. All Rights Reserved).
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The patient can avoid a stoma bag while independently 
managing their own bowel activities. The ACE technique 
was first described by Malone in 1990, using the appendix as 
the conduit, but since then the cecum, ileum, and left colon 
have been utilized as the continence mechanism.59–61 These 
 procedures have become an increasingly popular treatment 
option for children with spinal dysraphism and anorectal 
malformations and are well reported in pediatric literature.62 
The ACE procedure is also gaining recognition in the adult 
population for patients who would like to avoid a colostomy 
bag. Success has been reported in adults with neurologic 
dysfunction, obstructed defecation, and fecal inconti-
nence.63–68 Complications are related to the cutaneous stoma, 
which may sometimes need multiple revisions.

Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is a functional bowel dis-
order in which abdominal pain or discomfort is associated 
with defecation or a change in bowel habits with features 
of disordered defecation. Organic pathology is absent, and 
diagnosis is made on clinical symptoms and exclusion 
of other disease states. Although there is overlap between 
patients in this category and those individuals described in 
the previous section, the key features include chronic symp-
toms such as abdominal pain relieved by defecation and/or 
associated with a change in the consistency or frequency of 
stools. These symptoms are variably associated with mucor-
rhea and/or abdominal bloating. IBS can be categorized into 
the following: constipation predominant (IBS-C), diarrhea 
(IBS-D), or mixed (IBS_M). The Rome criteria for a clinical 
diagnosis of IBS are listed in Table 32-3.

Epidemiology

Population-based studies in Western countries report an over-
all prevalence of IBS of 10–20%.69 The prevalence is similar in 
Western minority populations, with the exception of Hispan-
ics in Texas and Asians in California, who may have a lower 
rate.70,71 Overall, the incidence in Western countries is 1–2% 
per year. In non-Western countries in Asia and Africa, some 
studies suggest that IBS incidence may be lower. In Western 

countries, women are two to three times more likely to develop 
IBS than men; in India, this phenomenon is reversed.72 Ret-
rospectively, many patients report childhood symptoms, and 
50% of patients have symptoms before age 35.73

It has been recognized for many years that there are a vari-
ety of disorders associated with a clinical diagnosis of IBS. 
These include nonulcer dyspepsia, fibromyalgia, chronic 
fatigue syndrome, dysmenorrhea, urinary tract symptoms, 
and psychiatric disorders. Patients with IBS who present for 
evaluation are also at least twice as likely to meet criteria 
for psychiatric disorders as patients with organic disease 
with elevated scores of depression, anxiety, somatization, 
and neuroticism on standardized tests. However, no specific 
pattern of personality traits in patients has been identified. 
The most frequent of these disorders are depression and 
generalized anxiety. Interestingly, individuals with clinical 
symptoms of IBS who do not seek medical care have a simi-
lar prevalence of psychiatric disorders as the general popu-
lation.74 This suggests that the psychiatric disorder may be 
more important in health-care-seeking behavior than as an 
etiologic agent of the syndrome.

It has been estimated that only 10% of patients with IBS 
symptoms consult a physician for evaluation or treatment of 
their symptoms. With the exception of countries like India, 
women are more likely than men to present for physician 
evaluation. The socioeconomic impact of this disorder is 
also significant. There are 3.5 million physician visits esti-
mated in the USA, and IBS is the most common diagnosis 
in gastroenterologist practice. Patients with IBS have more 
work absenteeism, more physician visits, and report a lower 
quality of life.75

Pathophysiology

The pathophysiology of IBS remains uncertain and several 
theories are listed below. Despite extensive investigations, 
no specific physiologic abnormality has been identified, and 
IBS remains a diagnosis of exclusion.

Gastrointestinal Motility

The current theories regarding the pathophysiology of IBS are 
of a complex interaction between altered gut motility and or 
visceral hyperalgesia and neuropsychopathology. Many stud-
ies measuring myoelectric activity in the colon have demon-
strated abnormalities in patients with IBS. Normal colonic 
myoelectric activity consists of background slow waves with 
superimposed spike potentials. Bueno et al. demonstrated 
increased long spike bursts in patients with constipation and 
irregular short spike burst in patients with diarrhea.76 Myoelec-
tric studies in the small bowel have demonstrated shorter inter-
vals between the migrating motor complex, which is of course, 
the predominant interdigestive small-bowel motor pattern.77 
Patients with IBS have variations in the colonic slow wave 
frequency and a blunted late peaking postprandial response 

Table 32-3. Rome criteria for irritable bowel syndrome7

Abdominal pain or discomfort characterized by the following
 Relieved by defecation
 Associated with a change in stool frequency
 Associated with a change in stool consistency
Two or more of the following characteristics at least 25% of the time
 Altered stool frequency
 Altered stool form
 Altered stool passage
 Mucorrhea
 Abdominal bloating or subjective distension
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of spike potentials in the colon. Transit studies in the small 
bowel have demonstrated delayed meal transit in patients with 
constipation-predominant IBS and accelerated meal transit 
in patients with diarrhea predominant IBS.78,79 Overall, these 
studies and others suggest an underlying generalized hyper-
responsiveness of smooth muscle in patients with IBS.

Visceral Hypersensitivity

Visceral hyperalgesia appears to be another component of 
this disorder. Studies measuring the perception of gut dis-
tension using various techniques have demonstrated abnor-
mally high sensitivity in both the small and large bowel.80,81 
It appears that patients with a diagnosis of IBS have both 
an increased awareness of gut distension and experience 
such distension as painful at lower volumes and pressures 
as normal subjects – this is especially in response to rapid 
distension.82 While there has been some argument regarding 
a reporting bias in patients with IBS (i.e., routinely report-
ing pain at lower subjective intensities than normal controls), 
such differences do not account for all of the sensory abnor-
malities seen.83 Furthermore, patients with IBS have wid-
ened dermatomal referral pain patterns than normal controls 
from gut distension,84 though this visceral hypersensitivity is 
not associated with a somatic hypersensitivity.85 It is thought 
that patients with IBS may have sensitization of the intestinal 
afferent nocioreceptive pathways in the spinal cord.

The central nervous system modulates gut function for opti-
mal digestive function. The limbic system, medial prefrontal 
cortex, amygdala, and hypothalamus communicate emotional 
changes to the gut via the autonomic nervous system. In turn, 
signals from the gut to the brain can affect reflex regulation 
and mood states.86 Recent studies have suggested that patients 
with IBS may process visceral afferent input in the central 
nervous system in an abnormal way, and this response may 
be modified by attentional factors acknowledging that stress, 
anxiety, and prior unpleasant life events increase the percep-
tion of painful events.80,87 On a biochemical level, patients 
with IBS have been demonstrated to have increased hypotha-
lamic corticotropin-releasing factor in response to stress, as 
well as an exaggerated colonic motility response.88

Small Intestinal Overgrowth Syndrome

Small intestinal bacterial overgrowth syndrome (SIBO) 
(>105 bacteria/ml) has been implicated as possible etiology 
for IBS. There is a striking similarity between the symptoms 
of bloating and abdominal pain associated with IBS and 
SIBO. Pimental et al.89,90 showed that 78% of patients with 
IBS had abnormal hydrogen breath test, and a 7-day course 
of neomycin was associated with improvement of their 
symptoms. Using jejunal aspirates to detect SIBO, Posserud 
et al.91 found higher bacterial counts in IBS patients com-
pared to placebo (43% vs. 12%). Treatment with oral anti-
botics has become an accepted course of therapy for some 
patients with suspected SIBO and IBS.

Mucosal Inflammation

The presence of low-grade inflammation and immune activa-
tion suggests that alterations in the indigenous intestinal flora 
may play a role.92 A correlation between abdominal pain in 
IBS and the presence of activated mast cells in proximity to 
colonic nerves has been reported.93 Probiotics may be help-
ful to restore the depleted bifidobacteria species found in the 
human intestine.

Psychological Abnormalities

The relationship between psychopathology and IBS is 
unclear. As previously noted, patients with IBS have a higher 
incidence of panic disorder, major depression, anxiety dis-
order, and hypocondriasis than do normal populations.94 In 
addition, they report a higher prevalence of physical or sex-
ual abuse.95 Two thirds of patients with IBS report the onset 
of GI complaints with an Axis 1 disorder.96

Genetics

The relationship between learned behavior and genetics in 
IBS is under investigation. Twin studies found that concor-
dance rates for IBS were as high in monozygotic twins com-
pared to dizygotic twins.97 It has also been hypothesized that 
genetic differences in serotonic reuptake may play a role in 
the pathophysiology of IBS.

Symptoms

The altered stool habits reported by patients with IBS can be 
constipation, diarrhea, or alternating constipation and diar-
rhea. Constipation can be described as hard and/or infrequent 
stools, or painful defecation requiring laxative use. Diar-
rhea is usually described as small-volume, frequent, urgent, 
and watery stool and when present is often postprandial in 
nature. Usually patients have either constipation or diarrhea 
alone; however, alternation between each can be present. 
What differentiates these patients from those with functional 
constipation is the presence of significant abdominal pain 
and bloating. Abdominal pain is usually perceived as diffuse 
and is most common in the lower abdomen, especially on 
the left. Sharp pain may be superimposed on a more chronic 
duller component. Pain may be precipitated by meals and is 
often relieved by defecation. Patients often report increas-
ing bloating and gas through the daytime hours, which may 
or may not be associated with objective evidence such as 
mucorrhea, either white or clear. Patients with IBS are more 
likely to report upper gastrointestinal symptoms of nausea, 
vomiting, and heartburn. Overall symptoms may be worse 
in times of stress. Symptoms not typical of IBS that should 
alert the clinician to organic disease include the following: 
onset in middle age or older, progressive or nocturnal symp-
toms, anorexia, weight loss, fever, hematochezia, and painless 
diarrhea or steatorrhea.
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Treatment of IBS-C

Although there are emerging novel medications for IBS 
that may prove useful, much of the current medical therapy 
depends on diet modification and reassurance. Explanation 
and patient education play an important role in the manage-
ment of this chronic disorder. Treatment strategies depend 
not only on the type of symptoms present but also on their 
severity and chronicity.

Medical Therapy

Fiber supplementation may improve symptoms of either 
constipation or diarrhea, although studies are inconclusive 
due to a strong placebo effect. Many physicians feel that 
polycarbophil based bulking agents may be tolerated better 
than psyllium-based compounds due to an exacerbation of 
bloating symptoms in some patients with the latter. Similarly, 
ingesting more water, avoiding caffeine and legumes are all 
reasonable patient advice. For patients with constipation-
predominant IBS who do not respond to fiber supplementa-
tion (20 g/day) or do not tolerate it, osmotic laxatives such as 
MiraLAX®, Milk of Magnesia®, or sorbitol may be tried.

Tegaserod (Zelnorm®), a partial 5HT-4 agonist, acceler-
ates transit in the small bowel and colon. It was shown to 
improve constipation and global IBS symptoms in women 
with constipation-predominant IBS.98 However, Tegaserod is 
no longer available because its use can induce cardiac con-
duction abnormalities.98

Lubiprostone (Amitizia®) chloride channel activator has 
been approved for patients with IBS-C at a lower dose 8 mcg 
bid to decrease constipation, abdominal discomfort, and 
bloating.30

Antibiotics have been recommended to treat patients with 
SIBO and IBS. The following oral antibiotics have been 
suggested: neomycin orally for 10 days; levofloxacin or 
ciprofloxacin for 7 days; metronidazole for 7 days; rifaxi-
min (Xifaxan®) for 10 days at higher than normal doses of 
(1,200 mg/day) compared to standard lower doses (800 or 
400 mg/day).99 Retrospective studies suggest that rifaximin is 
superior to other oral antibiotics, but the cost and the unwill-
ingness of insurance companies to cover the higher dose make 
it a challenge for the patients and prescribing physician.100

Probiotics

Probiotic bacteria may inhibit other symptom-causing bac-
teria in the intestine, or the probiotic bacteria may act on the 
host’s intestinal immune system to suppress inflammation. 
The most common probiotic bacteria are lactobacilli (also 
used in the production of yogurt) and bifidobacteria. Both of 
these bacteria are found in the intestine of normal individuals. 
Probiotics are thought to have both qualitative and quantita-
tive effects restoring the type of bacteria and the amount of 
normal bacteria (i.e., small intestinal bacterial overgrowth). 
Commercially available probiotics are available and have 

been shown to be effective; there is no evidence on the supe-
riority of any particular strain.101

Other agents undergoing evaluation primarily focusing 
on symptoms of pain include clonidine (an alpha adrener-
gic agonist), fedotozine (a kappa opioid agonist) and ammo-
nium derivatives (an antimuscarinic and neurokinin-receptor 
antagonist). Of these, fedotozine is clinically available for 
this indication and has shown to be helpful in reducing 
symptoms of pain in patients with IBS.102

An adjunctive therapy to medication is psychological 
treatment. Psychologic treatment is appropriate when there 
is evidence that stress or psychological factors are contribut-
ing to an exacerbation of symptoms, or patients have failed 
to respond to medical treatment. A clear explanation of the 
rationale for such treatment is important in patient accep-
tance of such therapy.

Conclusion

Constipation is an extremely prevalent problem that can 
often be treated with minimal changes to diet and lifestyle, 
but there is a subset of patients who will have severe symp-
toms that are difficult to treat or are associated with irritable 
bowel syndrome. The magnitude of the problem requires the 
colon and rectal surgeon to understand the etiology of consti-
pation, be facile with the tests utilized in the evaluation of the 
constipated patient, and be able to recommend both medi-
cal and surgical therapies when appropriate. The Standards 
Practice Task Force of the American Society of Colon and 
Rectal Surgeons has published practice parameters for the 
evaluation and management of constipation.103
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33
Rectal Prolapse
Steven Mills

Rectal prolapse is a telescoping of the rectum out of the anus; 
an intussusception is when the telescoping does not protrude 
through the anal canal. Either condition can be uncomfort-
able or less commonly painful, and are often associated 
with varying degrees of embarrassment for the patient. They 
rarely present with ischemia or necrosis of the rectum; these 
advanced states represent an emergent situation.

Many patients have other associated pathologies of the 
pelvic floor and often there is a long history of straining and 
constipation. Fecal incontinence is also a common associ-
ated symptom. Further, there is a frequent association with 
anterior compartment pathologies such as urinary inconti-
nence, voiding disorders, cystocele, or rectocele. Careful 
history and physical examination can lead to their diagno-
sis, which is essential as repair of the rectal prolapse without 
concurrent treatment of the associated anterior pathology 
can worsen symptoms.

Many theories have been proposed in an effort to explain 
the etiology of rectal prolapse. Nearly 100 years ago, Mosch-
cowitz1 suggested that rectal prolapse occurs as a sliding her-
nia through a defect within the pelvic fascia. Later, Broden 
and Snellman2 demonstrated, with the aid of cinedefecogra-
phy, that rectal prolapse is an intussusception of the rectum.

Rectal prolapse is more common in women than in men, 
likely due to childbirth, prolonged straining at stool, and/or 
anatomical considerations such as a wider pelvis. In women, 
the disorder increase in frequency with age whereas men 
with prolapse tend to be younger, around 20–40 years old, 
and often have a predisposing condition (such as anal atre-
sia or prior surgery). In women, the pudendal nerves can be 
damaged during childbirth and/or chronic straining at stool, 
resulting in pelvic floor disturbances such as incontinence or 
prolapse. Whereas rectal prolapse is almost always treated 
surgically, every effort should be made to avoid surgery for 
rectoanal intussusception.

A wide variety of different procedures have been 
described to treat rectal prolapse (Table 33-1). The surgeon 
must determine which procedure is the best for an individual 
patient. Multiple patient and procedural factors need to be 

considered in determining which of the over 100 operations 
to perform. Important patient factors include gender and 
age of the patient, the patient’s overall medical condition, 
bowel function, and whether or not fecal incontinence is 
also present. Procedural factors to consider include extent of 
prolapse, impact of procedure on bowel function and incon-
tinence, morbidity of procedure, recurrence rates, and the 
individual surgeon’s experience.

Unfortunately, a dearth of high quality data exists regard-
ing the optimum method by which to treat rectal prolapse. 
An attempt in 2008 to perform a comprehensive review of 
randomized trials found that there were insufficient data to 
analyze, though a few patterns did emerge.3 The method of 
fixation during rectopexy did not change outcome. Division 
of the lateral stalks was associated with a higher incidence of 
constipation whereas resection and rectopexy was associated 
with less constipation. Finally, laparoscopy was associated 
with a shorter hospitalization and less morbidity.

Patient Evaluation

Most patients with rectal prolapse present to the surgeon with 
complaints associated with the prolapse itself. They often 
describe a sensation of “something falling out,” especially 
at the time of bowel movements. Many will complain of the 
feeling that they are “sitting on a ball” until spontaneous or 
manual reduction occurs. There is a common association 
with soiling of their undergarments or a feeling of mucous 
discharge. As constipation and straining, fecal incontinence, 
and erratic bowel habits are commonly associated with pro-
lapse as well as other functional bowel diseases and mucosal 
abnormalities, evaluation prior to surgical management is 
necessary.

Physical examination can be variable for patients with  
rectal prolapse. While a spontaneous prolapse is obvious 
(Figure 33-1),4 other patients may require straining to dem-
onstrate the prolapse. In these cases, the prolapse usually is 
best examined in the squatting or sitting position. The patient 
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can be examined while he or she is on the toilet by having the 
patient lean forward. Alternatively, one can place a long rod 
to which a mirror is attached between the patient’s legs to 
view the prolapse. A third option is to place a  flexible endo-
scope into the toilet with the viewing end pointed toward the 
perineum. A more modern alternative might be a digital 
video or a digital photograph demonstrating the prolapse. 

Interestingly numerous patients present to the office with this 
rather unusual imagery already captured and eager to share 
with the surgeon.

Prior to choosing the appropriate procedure for prolapse, 
differentiation between full-thickness and mucosal prolapse 
is necessary. Full-thickness prolapse is identified by its con-
centric rings and grooves as opposed to the radially oriented 
grooves associated with mucosal prolapse (Figure 33-2). 
During the examination, one should also evaluate for any 
maceration or excoriation of the perianal skin. A thorough 
digital rectal examination is important to detect concomitant 
anal pathology and to evaluate adequacy of resting tone and 
squeeze pressure of the anal sphincters and function of the 
puborectalis muscle.

Further evaluation is indicated for patients with rectal pro-
lapse. Either colonoscopy or flexible sigmoidoscopy with 
air contrast barium enema should be performed to exclude 
or otherwise address any associated mucosal abnormalities. 
Defecography is often unnecessary in the evaluation of full-
thickness prolapse because it is diagnostically obvious; how-
ever, it can be an essential part of the evaluation of internal 
or occult procidentia (rectorectal intussusception) or as part 
of pelvic floor musculature evaluation. Anal manometry can 
help assess sphincter function, as chronic prolapse typically 
damages the internal anal sphincter, resulting in poor rest-
ing pressures.5 In such patients, synchronous levatorplasty 

Figure 33-1. Mucosal versus full-thickness prolapse. A Circum-
ferential full-thickness prolapse with concentric mucosal folds. B 
Radial folds seen with hemorrhoidal prolapse. [From Beck and 
Whitlow.4 Copyright 2003 by Taylor & Francis Group LLC (B). 
Reproduced with permission of Taylor & Francis Group (B) in the 
format Textbook via Copyright Clearance Center].

Figure 33-2. Sagittal view of full-thickness rectal prolapse. [From 
Beck and Whitlow.4 Copyright 2003 by Taylor & Francis Group 
LLC (B). Reproduced with permission of Taylor & Francis Group 
(B) in the format Textbook via Copyright Clearance Center].

Table 33-1. Operations described for rectal prolapse

Transabdominal procedures
1. Repair of the pelvic floor
 Abdominal repair of levator diastasis
 Abdominoperineal levator repair
2. Suspension-fixation
 Sigmoidopexy (Pemberton–Stalker)
 Presacral rectopexy
 Lateral strip rectopexy (Orr–Loygue)
 Anterior sling rectopexy (Ripstein)
 Posterior sling rectopexy (Wells)
 Puborectal sling (Nigro)
3. Resection procedures
 Proctopexy with sigmoid resection
 Anterior resection

Perineal procedures
 Perineal rectosigmoidectomy (Altemeier)
 Rectal mucosal sleeve resection (Delorme)
 Perineal suspension-fixation (Wyatt)
 Anal encirclement (Thiersch + modification)
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should be considered at the time of prolapse repair and may 
further improve continence.6 In a manometric study evaluat-
ing patients with rectal prolapse, Spencer5 reported that the 
anorectal inhibitory reflex was frequently absent or abnor-
mal, that resting anal pressures were abnormally low, and 
that squeeze pressures were normal. Anal electromyography 
and pudendal nerve terminal motor latency are generally not 
clinically useful for this disorder unless there is a history 
of severe straining. In such a case, anal electromyography 
can be used to evaluate for the presence of inappropriate or 
paradoxical puborectalis contraction (anismus, nonrelaxing 
puborectalis or spastic pelvic floor). When discovered, bio-
feedback or botulinum toxin can be employed for therapy. 
Colonic transit times should be performed in patients with a 
history of severe constipation so that an appropriate opera-
tion can be chosen. Individuals with slow transit constipa-
tion typically benefit from a synchronous sigmoid colectomy 
with rectopexy versus rectopexy alone or even perineal rec-
tosigmoidectomy. However, certain well-selected patients 
with concomitant slow transit constipation may be better 
served by a subtotal colectomy and ileorectal anastomosis at 
the time of rectopexy.

Surgical Procedures

There are two general approaches for surgery for rectal 
prolapse – abdominal operations and perineal operations. 
Men are at risk for neurologic injury resulting in sexual 
dysfunction from an abdominal operation; therefore, this 
option should be cautiously chosen. The risk of impotence 
for abdominal rectopexy should approach 1–2% in skilled 
hands and thus young males should be counseled to consider 
banking sperm prior to surgery.

The most common abdominal operations for prolapse are 
rectopexy with or without concomitant sigmoid resection. 
The typical perineal procedures are perineal rectosigmoidec-
tomy (Altemeier) or a mucosal sleeve resection (Delorme). 
The specific operation must be tailored to the condition 
and pathology of each patient but some generalizations can 
be made. Elderly, high-risk patients are best treated with 
perineal procedures which can be performed under a regional 
anesthetic or even under a local anesthetic with IV sedation. 
Healthy adults with normal bowel habits can undergo either 
rectopexy with or without sigmoid resection or perineal 
rectosigmoidectomy with or without levatorplasty. Bowel 
function plays a role in determining the surgical plan. Con-
stipated patients should usually undergo sigmoid resection 
and rectopexy, whereas incontinent patients should undergo 
either abdominal rectopexy or perineal rectosigmoidectomy 
with levatorplasty. Recurrent prolapse mandates knowledge 
of the prior repair as that information will dictate future 
options; the prior dissection may limit the available alterna-
tives because of the remaining blood supply.

Perineal Procedures

Perineal Rectosigmoidectomy (Altemeier  
Procedure)

Perineal rectosigmoidectomy was popularized by Altemeier 
and his name is the eponym attached to the procedure.7 The 
operation can be performed under a general or spinal anes-
thetic. Generally, the patient receives a full bowel prepara-
tion. The prone position is preferred; however, the left lateral 
(Simm’s) or lithotomy position can also be effectively used. 
After prolapsing the rectum, the rectal wall is injected with 
an epinephrine-containing compound for hemostasis. A 
circumferential incision is made in the rectal wall approx-
imately 1–2 cm above the dentate line (Figure 33-3). The 
incision is deepened until the full-thickness of the rectal wall 

Figure 33-3. Perineal rectosigmoidectomy. A, B Incision of rectal 
wall. C Division of vessel adjacent to bowel wall. D The prolapsed 
segment is amputated. Stay sutures previously placed in distal edge 
of outer cylinder are placed in cut edge of inner cylinder. E Anasto-
mosis of distal aspect of remaining colon to the short rectal stump. 
[From Beck and Whitlow.4 Copyright 2003 by Taylor & Francis 
Group LLC (B). Reproduced with permission of Taylor & Francis 
Group (B) in the format Textbook via Copyright Clearance Center].
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has been divided. Once a full-thickness incision has been 
made, the rectum is withdrawn out of the body while progres-
sively dividing and ligating the mesorectum, advancing more 
cephalad. An energy source device can expedite this phase 
of the operation. Anteriorly, the peritoneal reflection (her-
nia sac) is opened. The dissection continues until there is no 
further redundancy remaining in the rectum/sigmoid colon, 
a judgment requiring some experience. After the redundant 
rectum has been adequately mobilized, it is divided and a 
hand-sutured coloanal anastomosis is performed. A colonic 
J pouch has also been described which may potentially 
improve function during the immediate postoperative period.8 
Alternatively, a circular stapler can be used to perform the 
anastomosis. In cases of severe fecal incontinence, a levator 
plication can be performed prior to the coloanal anastomosis 
which has been reported to improve continence in two-thirds 
of patients.6,9 Following the procedure, patients are allowed 
to ambulate and eat regularly on postoperative day 1.

Several studies have been reported on perineal rectosig-
moidectomy as summarized in Table 33-2. Mortality has 
been low with morbidity ranging from 5 to 24%.7,10–19 Most 
of the reported morbidity stems from preexisting medical 
problems; however, a small number of patients do suffer 
anastomotic complications. Recurrence rates ranging from 
0 to 10% are reported with a follow-up ranging from 6 months 
to 5 years; recurrence rates are higher for series with longer 
follow-up. An improvement in incontinence is reported in 
the majority of patients in whom levatorplasty was per-
formed.20 Indeed, levatorplasty may even be more beneficial 
as Chun et al.21 reported a lower recurrence rate when perineal 
rectosigmoidectomy was combined with levatorplasty com-
pared to perineal rectosigmoidectomy alone.

Mucosal Sleeve Resection (Delorme Procedure)

Another perineal option is the mucosal proctectomy first 
described by Delorme in 1900.22 It is ideally suited to those 
patients with a less extensive prolapse (e.g., about 5 cm in 
length) or with full-thickness prolapse limited to partial cir-
cumference (e.g., anterior wall).

The Delorme procedure differs from the perineal  
rectosigmoidectomy (Altemeier) in that only the mucosa 
and submucosa are excised from the prolapsed segment 
 (Figure 33-4). Delorme’s procedure can be performed 
under general, spinal, or local anesthesia. Prone position 
is preferred; however, lithotomy position can also be suc-
cessfully utilized. The bowel is prolapsed and the submu-
cosa infiltrated with epinephrine solution; 1 cm cranial 
(proximal) to the dentate line the outer cylinder is incised 
through the mucosa only. The mucosa and submucosa are 
dissected off the underlying muscle (muscularis propria of 
the rectal wall). The mucosectomy may be more difficult in 
patients with prior anal surgery or a history of diverticulitis. 
The plane of dissection may be facilitated by continued sub-
mucosal injection of epinephrine solution as the dissection 
continues toward the apex of the prolapse. Four absorbable 
sutures (2-0) are placed sequentially in the rectal muscle at 
the anterior, posterior, and lateral positions as the dissec-
tion continues. These sutures plicate the muscle and provide 
traction. The dissection is carried inside the apex and the 
mucosa, which has been dissected free, is transected. After 
the mucosa is transected, the previously placed absorbable 
sutures (2-0) are used to reconnect the edges of the bowel. 
Four additional sutures are used to approximate the bowel 
between the placating sutures. Additional 3-0 sutures are 
placed in an interrupted fashion to complete the circumfer-
ential approximation of the mucosal edges.

Results of Delorme’s procedure are summarized in 
Table 33-3. Reported operative mortality rates from a series 
of patients treated by Delorme’s procedure range from 0 to 
2.5%.23–30 Morbidity rates were wide ranging (0–76%), with 
most morbidity associated with preexisting medical condi-
tions. Surgery-specific morbidity includes hemorrhage, anas-
tomotic dehiscence, and stricture. Recurrence rates (6–26% 
at 1–13 years postoperatively) are generally higher than with 
a perineal rectosigmoidectomy. Incontinence is improved 
in 40–50% of patients.20 Constipation was not a problem in 
most series.

An alternative to the mucosal resection with muscular pli-
cation is the mucosal plication procedure (Gant–Miwa Proce-
dure). Though not frequently performed in the USA, it has been 
associated with good results in Japan.31 The best results seem to 
be when the mucosal plication is combined with an anal encir-
cling procedure (see section “Thiersch Procedure” below).

Thiersch Procedure

Anal encirclement was first described by Thiersch in 1891.32 
He placed a silver wire subcutaneously around the anus 
under local anesthesia. The goal of this procedure was to 
mechanically supplement or replace the anal sphincter and 
stimulate a foreign body reaction in the perianal area, thereby 
increasing resistance at the anus. There were several reports 
of the use of this procedure in the early part of this century, 
especially in Europe.33

Table 33-2. Results of perineal rectosigmoidectomy

Authors
Number 

of patients
Recurrence 

(%)
Mortality 

(%)
Morbidity 

(%)

Altemeier et al.7 106  3 0 24
Friedman et al.10  27 50 0 12
Gopal et al.11  18  6 6 17
Finlay and Aitchison12  17  6 6 18
Williams et al.13 114 11 0 12
Johansen et al.14  20  0 5  5
Kim et al.15 183 16 0 14
Azimuddin et al.16  36 16 – –
Zbar et al.17  80  4 – –
Habr-Gama et al.18  44  7 0  9
Altomare et al.19  93 18 0  8
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William Gabriel is credited with reviving interest in 
Thiersch’s operation in the 1950s.33 He reported on 25 cases 
of incontinence or minor rectal prolapse. He did not recom-
mend this operation for major degrees of prolapse.

Anal encirclement is performed with the patient placed 
in the prone jackknife, lithotomy, or left lateral position 
( Figure 33-5). A local anesthetic is administered and a 
radial incision made on both sides of the anus about 2 cm 
from the anal verge. A curved hemostat is used to tunnel 
from one incision to the other, keeping “outside” of the 
external anal sphincter. The encircling material is brought 
through the tunnel so that the two ends meets. It is then 
secured by tying snuggly over an index finger in the anus. 
A variety of  materials used for encirclement include nylon, 
silk, Silastic rods, silicone, Marlex mesh, Mersilene mesh, 
fascia, tendon, and Dacron.34

Complications of this procedure include breakage of 
the suture or wire, fecal impaction, sepsis, and erosion 
of the encircling material into the skin or anal canal. The 
Thiersch operation is not intended to correct the prolapse, 

Figure 33-4. Delorme’s procedure. A Subcutaneous infiltration of dilute epinephrine solution. B Circumferential mucosal incision. C Dis-
section of mucosa off muscular layer. D Plicating stitch approximating cut edge of mucosa, muscular wall, and mucosa just proximal to 
dentate line. E Plicating stitch tied. F Completed anastomosis. [From Beck and Whitlow.4 Copyright 2003 by Taylor & Francis Group LLC 
(B). Reproduced with permission of Taylor & Francis Group (B) in the format Textbook via Copyright Clearance Center].

Table 33-3. Results of Delorme’s procedure

Authors
Number 

of patients
Recurrence 

(%)
Mortality 

(%)
Morbidity 

(%)

Ulig and Sullivan23 44  7 0 34
Monson et al.24 27  7 0  0
Senapati et al.25 32 13 0  6
Oliver et al.26 41 22 2 62
Tobin and Scott27 43 26 0 12
Graf et al.28 14 21 0 –
Watkins et al.29 52  6 0 77
Lieberth et al.30 76 14 0 25
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but rather to narrow the anus enough to confine the pro-
lapsing rectum above the anus. This goal is accomplished 
in 54–100% of cases.35 Because of its failure to correct 
prolapse and the potential morbidity of this procedure, it is 
reserved for the most seriously ill patients who are unable 
to undergo one of the previously described perineal proce-
dures. Results of the Thiersch procedure are summarized 
in Table 33-4.36–42

Abdominal Procedures

Abdominal Rectopexy and Sigmoid Colectomy

Abdominal rectopexy and sigmoidectomy was initially 
described in 1955 by Frykman43 for management of full-
thickness rectal prolapse, and it remains one of the main 
treatment options. The operation consists of four essential 
components (1) Complete mobilization of the rectum down 
to the levator musculature, leaving the lateral stalks intact, 
(2) elevation of the rectum cephalad with suture fixation 
to the presacral fascia just below the sacral promontory, 
(3) obliteration of the cul-de-sac, and (4) sigmoid colec-
tomy with anastomosis. The current operation is essentially 
the same with the exception that some surgeons no longer 
obliterate the cul-de-sac (Figure 33-6). This procedure has 
become one of the most commonly performed operations for 
rectal prolapse. Results of sigmoid resection and rectopexy 
are summarized in Table 33-5. Morbidity is low (0–23%) 
with recurrence ranging from 0 to 3% (one study had recur-
rence as high as 9%).44–51

Abdominal Rectopexy

Simple suture rectopexy without sigmoid colectomy has 
been reported as an effective surgical treatment for rec-
tal prolapse.52,53 As rectopexy without resection can lead 
to worsening of constipation, this operation is typically 
utilized in patients who do not have associated constipa-
tion. The rectal mobilization and fixation is similar to that 
described above (complete to the pelvic floor musculature, 
preserving the lateral stalks) and is illustrated in Figure 33-7. 
Results are summarized in Table 33-6. Recurrence rates are 
under 5%.52–54

Ripstein Procedure

Described in 1963 by Ripstein and Lanter,55 the Ripstein 
operation had been one of the most popular procedures 
for management of rectal prolapse. It is less frequently 
used today, likely due to the success of alternate therapies, 
the incidence of postoperative constipation, and because 
this particular operation requires the use of prosthetic 
 material.

The rectum is mobilized posteriorly down to the coccyx, 
again preserving the lateral stalks. A 5-cm piece of pros-
thetic mesh (Marlex or Prolene) is sutured to the presacral 
fascia within the sacral hollow, about 5 cm below the sacral 
promontory in the midline. The rectum is retracted cephalad 
and the sling is wrapped around the rectum and sutured to 
it. Finally, the sling is sutured posteriorly from the opposite 
side (Figure 33-8). Care must be taken to avoid making the 
wrap too tight thus causing an obstruction. The results are 
summarized in Table 33-7. Recurrence rates are low, but 
morbidity is 13–33%.55–60

Figure 33-5. Anal encirclement (Thiersch). A Lateral incisions with 
prosthetic mesh tunneled around the anus. B Mesh completely encir-
cling the anal opening. C Completed anal encirclement procedure. 
[From Beck and Whitlow.4 Copyright 2003 by Taylor & Francis 
Group LLC (B). Reproduced with permission of Taylor & Francis 
Group (B) in the format Textbook via Copyright Clearance Center].

Table 33-4. Results of thiersch procedure

Authors
Number 

of patients
Recurrence 

(%)
Mortality 

(%)
Morbidity 

(%)

Jackaman et al.36 52 33 – –
Labow et al.34  9  0 –  0
Hunt et al.37 41 44 – 37
Poole et al.38 15 33 – 33
Vongsangnak et al.39 25 39 – 59
Earnshaw and 

 Hopkinson40

21 33 – –

Khanduja et al.41 16  0 – 25
Sainio et al. 42 14 15 – –
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Figure 33-6. Abdominal rectopexy and sigmoidectomy. A Rectum is fully mobilized in the posterior avascular plane. B Redundant 
sigmoid colon is resected. C Anastomosis is completed and rectopexy sutures are placed. [From Beck and Whitlow.4 Copyright 2003 
by Taylor & Francis Group LLC (B). Reproduced with permission of Taylor & Francis Group (B) in the format Textbook via Copyright 
Clearance Center].
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Ivalon Sponge/Posterior Mesh Rectopexy

The Ivalon sponge wrap operation was first described in 1959 
by Wells.61 Traditionally, Ivalon (polyvinyl alcohol) sponge 
was used for the wrap, but other prosthetic meshes such as 
Prolene and Marlex (polypropylene) have also been success-
fully used. The operation begins with mobilization of the rec-
tum posteriorly down to the levator ani. The rectum is also 
mobilized anteriorly, but the lateral stalks are again preserved. 
A piece of Ivalon sponge or mesh is then placed in the sacral 
hollow and sutured to the presacral fascia with nonabsorb-
able sutures. The lateral edges of the Ivalon or mesh are then 
wrapped around the rectum which has been retracted cephalad. 
The sponge/mesh is then sutured to the rectum such that only 
three-fourth of the rectum is wrapped (the anterior rectum is 
left free of the wrap material). The peritoneum is then closed 
over the sponge excluding it from the peritoneal cavity. Results 
of posterior wraps are summarized in Table 33-8. Recurrence 
rates are less than 3% with morbidity under 20%.46,48,54,62

Anterior Mesh Procedures

Multiple other mesh procedures have been described, some of 
which employ an anterior suspension technique. Among the 
most popular of these has been the Orr–Loygue procedure.63 
In this procedure, two ribbons of synthetic mesh is sutured to 
the anterior-lateral rectum (one on each side) after mobiliza-
tion of the rectum as described earlier. The opposite ends of 
these mesh ribbons are then sutured to the sacral promontory 
under enough tension to hold the rectum from prolapsing. 
Loygue63 reported on more than 250 patients treated for rec-
tal prolapse using this procedure. Their recurrence rate was 
5.6% (follow-up period up to 23 years) and 84% of patients 
with preoperative anal incontinence had continence restored.

Laparoscopic Approaches

Laparoscopic approaches to colorectal surgery have gained 
in popularity in recent years and have been shown to be 
appropriate for many indications. A laparoscopic approach 

to treat full-thickness rectal prolapse has been employed 
for multiple abdominal prolapse repairs, namely rectopexy, 
resection with rectopexy, and mesh repairs.51,62,64–68 In gen-
eral, success and morbidity are comparable to traditional 
approaches, with the benefit of shorter hospitalizations and 
a rapid recovery.

Ashari et al.51 reported a 10-year, single-institution expe-
rience with laparoscopically assisted resection rectopexy 
in 117 patients with rectal prolapse. Mortality occurred in 
1 (0.8%) patient and morbidity in 10 (9%) patients; 77 of 
the 117 patients (66%) were followed a median period of 
62 months. Recurrent full-thickness rectal prolapse occurred 
in 2.5% while mucosal prolapse occurred in 18%.

Dulucq et al.62 evaluated 77 patients who underwent lap-
aroscopic posterior mesh rectopexy (modified Wells proce-
dure). They only encountered one conversion to open for 
severe adhesions and two minor intraoperative complica-
tions which were managed laparoscopically with success. 
Only one patient had recurrence and 90% of patients were 
satisfied at long-term follow-up (34 months).

Solomon et al.67 reported a trial involving 40 patients with 
full-thickness rectal prolapse. They were randomized to lap-
aroscopic versus open posterior mesh rectopexy. They dem-
onstrated a decrease in morbidity and shorter hospitalization 
in the laparoscopic group, though operative times were lon-
ger in that group. At 24 months follow-up, they reported one 
recurrence in the open group and none in the laparoscopic 
group.

A meta-analysis of six studies and 195 patients (98 open 
and 97 laparoscopic) comparing laparoscopic versus open 
suture rectopexy was reported by Purkayastha et al.68 in 2005. 
They found no significant difference in terms of morbidity or 
recurrence of prolapse between the two approaches. Though 
operative time was longer in the laparoscopic group, there 
was a decrease in the length of hospitalization by 3.5 days as 
compared to the open group.

The use of robotics has recently increased in colon and 
rectal surgery. Although robotics have been considered by 
many surgeons to be an extension of laparoscopic surgery, 
some technical aspects of the robot (e.g., the need for “re-
docking” when changing fields of operation and a steep 
learning curve), have lead to slow widespread acceptance of 
the robot. However, surgery for rectal prolapse has been con-
sidered by some surgeons to be ideal for utilizing the robot 
as the operation is only performed in the pelvis (obviating 
the need to move the robot). Multiple small series have been 
reported.69–73 To this point, there is not adequate length of 
follow-up to show long-term success, but results seem to be 
as good as those with laparoscopy. de Hoog et al.73 reported 
on 82 patients treated with open, laparoscopic, or robotic 
repair and found higher recurrence with both laparoscopic 
and robotic approaches compared to the open procedure. 
They suggested that randomized trials were needed.

All in all, laparoscopic approaches to performing abdomi-
nal surgeries for rectal prolapse are acceptable for surgeons 

Table 33-5. Results of abdominal rectopexy and sigmoid colectomy

Authors
Number of  

patients
Recurrence  

(%)
Mortality  

(%)
Morbidity  

(%)

Watts et al.44 102 2 0  4
Husa et al.45  48 9 2  0
Sayfan et al.46  13 0 0 23
McKee et al.47 9 0 0  0
Luukkonen et al.48  15 0 7 20
Canfrere et al.49  17 0 0 –
Huber et al.50  39 0 0  7
Ashari et al.51a 117 2.5 0.8  9

a Laparoscopic approach.
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with skill and experience performing complex laparoscopic 
surgery. In the near future, robotics will likely play a more 
significant role in prolapse surgery as adoption of robotic 
techniques increases. Further down the line, natural orifice 
transluminal endoscopic surgery (NOTES) procedures may 
become feasible for treating prolapse.

Figure 33-7. Mesh rectopexy (Ripstein). A Posterior fixation of sling on one side. B Sling brought anteriorly around mobilized rectum. 
C Sling fixed posteriorly on the opposite side. D Sagittal view of the completed rectopexy. [From Beck and Whitlow.4  Copyright 2003 
by Taylor & Francis Group LLC (B). Reproduced with  permission of Taylor & Francis Group (B) in the format Textbook via Copyright 
Clearance Center].

Table 33-6. Results of abdominal rectopexy

Authors
Number of  

patients
Recurrence  

(%)
Mortality  

(%)
Morbidity  

(%)

Loygue et al.52 140 4 1
Blatchford et al.53  42 2 0 20
Novell et al.54  32 3 0  9
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Figure 33-8. Ivalon (polyvinyl alcohol) sponge rectopexy (Wells). A Polyvinyl sponge being fixed to the sacrum. B Sponge in place 
before fixation to the rectum. C Incomplete encirclement of the rectum anteriorly with the sponge sutured in place. [From Beck and 
Whitlow.4 Copyright 2003 by Taylor & Francis Group LLC (B). Reproduced with permission of Taylor & Francis Group (B) in the format 
Textbook via Copyright Clearance Center].
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Recurrent Prolapse

Though rectal prolapse has historically had a high recurrence 
rate (up to 50% or more), recent reports note recurrent pro-
lapse following resection with rectopexy to be less than 10%. 
In general, perineal operations for prolapse have a higher 
risk of recurrence compared to abdominal approaches. Over 
a 30-year period, Hool et al.74 reported recurrent rectal pro-
lapse in 24/234 (10%) patients. In their retrospective report, 
the recurrent prolapse was repaired more often with an 
abdominal operation (86% of cases).

When full-thickness rectal prolapse recurs it is important to 
re-evaluate the patient for both constipation and other pelvic 
floor abnormalities in order to tailor the management best to 
address those issues. Therefore, patients with recurrent pro-
lapse may require evaluation with manometry and/or defec-
ography. It is important to inform the patient that although 
the recurrent rectal prolapse is repaired, the associated bowel 
dysfunction, including constipation and diarrhea, is largely 
unimproved following correction of the recurrence.74–76

One of the most important considerations in determining 
the best surgical option to treat recurrent prolapse is the resid-
ual blood supply of the remaining large bowel. The initial 
operative procedure performed for prolapse plays a dominant 
role in determining the selection of the next operation, as a 
prior resection will leave an interrupted colonic blood sup-
ply. Any patient who has undergone a prior rectal or sigmoid 
resection with anastomosis requires very careful evaluation 
prior to undergoing a secondary procedure, including a thor-
ough review of the first operative report. The obvious risk to a 
secondary resection is ischemia to the segment of large intes-
tine between two anastomoses. For example, if the patient 
has undergone an initial perineal rectosigmoidectomy, then a 

repeat perineal rectosigmoidectomy or abdominal rectopexy 
(without resection) can be safely performed. However, in such 
cases, abdominal rectopexy with sigmoid colectomy should 
be avoided because of the risk of ischemia to the retained 
rectal segment. For those patients who have undergone prior 
abdominal rectopexy but who now have recurrent prolapse, a 
redo abdominal rectopexy is an acceptable approach.

Recurrent full-thickness rectal prolapse can be successfully 
managed using the same operative options applied to initial 
disease. Reports in the literature place successful treatment 
of recurrence at between 85 and 100%.75,76 Unfortunately, 
while most authors indicate the initial operative technique, 
the recurrence, and the secondary operative technique, they 
fail to describe adequately their rationale for selection of the 
secondary procedure. For that reason, there are a paucity of 
data upon which to base an intelligent treatment decision 
for management of recurrent rectal prolapse. There is no 
specific algorithm available which can be applied to select 
the best operation for treating recurrence, except that many 
reports suggest treating young patients using an abdominal 
approach and elderly patients employing a perineal approach. 
With that (lack of) information in mind and with consider-
ation of remaining blood flow, a treating surgeon can make 
an individualized recommendation based upon the options 
summarized in Table 33-9.

Fengler et al.75 reported the results of management of 
recurrent full-thickness rectal prolapse in 14 patients (13 
repaired with perineal approach). The average length of time 
to recurrence was 14 months. Salvage operations performed 
to manage the recurrence included nine perineal operations 
and five abdominal operations. Patients were followed for 
50 months after treatment for their recurrence. One patient 
died from an unrelated problem. None of the 13 remaining 
patients suffered a re-recurrence of the prolapse. Pikarsky 
et al.76 reported on 27 patients with recurrent full-thickness 
rectal prolapse in a case-match study. Re-recurrence of pro-
lapse occurred in 4/27 (15%) after a median follow-up period 
of 24 months, with similar results for abdominal and perineal 
approaches.

Steele et al.77 performed a large retrospective study of 78 
patients with recurrent rectal prolapse selected from a cohort 
of 685 patients who had undergone primary repairs. By eval-
uating re-recurrence after second and even third repairs, they 
demonstrated that approach (abdominal versus perineal) 
was associated with recurrence rate. Abdominal operations 

Table 33-7. Results of Ripstein procedure

Authors
Number of  

patients
Recurrence  

(%)
Mortality  

(%)
Morbidity  

(%)

Ripstein and Lanter 55  289 0 0.3 –
Gordon and Hoexter 56 1111 2 – 17
Eisenstadt et al.57  30 0 0 13
Tjandra et al.58  134 8 0.6 21
Winde et al.59  35 0 0 28
Schultz et al.60  69 1.6 1.6 33

Table 33-8. Results of Ivalon sponge/posterior mesh rectopexy 
operation

Authors
Number of  

patients
Recurrence  

(%)
Mortality  

(%)
Morbidity  

(%)

Sayfan et al.46 16 0 0 13
Luukkonen et al.48 15 0 0 13
Novell et al.54 31 3 0 19
Dulucq et al.62a 77 1 0  4

a Laparoscopic posterior mesh rectopexy.

Table 33-9. Management options for recurrent rectal prolapse

Initial operation Options for management of recurrence

Perineal  
rectosigmoidectomy

Redo perineal rectosigmoidectomy
Abdominal rectopexy (avoid resection)

Abdominal rectopexy Redo abdominal rectopexy  
(+/− sigmoidectomy)

Perineal rectosigmoidectomy
Abdominal  

rectopexy + resection
Redo abdominal rectopexy (+/− re-resection)
Avoid perineal rectosigmoidectomy
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to treat a recurrent rectal prolapse were associated with a 
lower re-recurrence rate. They concluded that when pos-
sible, abdominal approaches should be used for recurrent 
rectal prolapse repairs.

Solitary Rectal Ulcer Syndrome  
and Colitis Cystica Profunda

Solitary rectal ulcer syndrome (SRUS) and colitis cystica 
profunda (CCP) are uncommon and controversial conditions 
associated with rectal prolapse.78 SRUS is a clinical condi-
tion characterized by rectal bleeding, copious mucous dis-
charge, anorectal pain, and difficult evacuation. Despite its 
name, patients with this condition can have single, multiple, 
or no rectal ulcers. When present, the ulcers usually occur 
on the anterior rectal wall just above the anorectal ring. They 
generally are shallow with a “punched out” gray-white base 
surrounded by hyperemia.

CCP is a benign condition characterized by mucin-filled 
cysts located within the submucosa.79 These lesions gener-
ally appear as nodules or masses, most commonly on the 
anterior rectal wall. Patients can be asymptomatic (with the 
lesions identified on screening endoscopy) or complain of 
rectal bleeding, mucous discharge or anorectal discomfort. 
Most patients complain of some difficulty with bowel move-
ments. CCP is a pathologic diagnosis whose most important 
aspect is to differentiate it from adenocarcinoma, especially 
a well-differentiated mucinous adenocarcinoma. Obtaining 
the correct diagnosis can prevent unnecessary radical opera-
tions to treat a benign process.

CCP and SRUS are closely related diagnoses and some 
authors consider them interchangeable. The etiology of 
these conditions remains unclear, but a common feature is 
chronic inflammation and/or trauma. The inflammation may 
result from inflammatory bowel disease, resolving ischemia, 
trauma associated with internal intussusception or prolapse 
of the rectum, direct digital trauma, or the forces associated 
with evacuating a hard stool. Some suggest that CCP is the 
result of trapping of mucosal cells at the time of healing of 
an ulceration.

An endoscopic evaluation of the distal colon and rectum in 
symptomatic patients will reveal the above-described lesions. 
Defecography is generally abnormal in most patients.80,81 
The differential diagnosis of both CCP and SRUS includes 
polyps, endometriosis, inflammatory granulomas, infectious 
disorders, drug-induced colitides, and mucus-producing 
adenocarcinoma. Differentiation based upon histopathologic 
evaluation is possible, though snare excision or large biop-
sies via rigid scopes may be needed to obtain adequate tis-
sue. SRUS is associated with characteristic obliteration of 
the lamina propria by fibrosis and a thickened muscularis 
mucosa with muscle fibers extending to the lumen.80 Mucous 
cysts lined by normal columnar epithelium located deep to 

the muscularis mucosa characterize CCP pathologically.79 
The overlying mucosa may be normal or ulcerated and the 
submucosa surrounding the cysts is fibrotic and contains a 
mixed inflammatory infiltrate. By comparison, the epithe-
lium in adenocarcinoma, is dysplastic and the surrounding 
stroma is reactive.

Treatment is directed at reducing symptoms or preventing 
some of the proposed etiologic mechanisms. Conservative 
therapy (high fiber diet and modifying bowel movements to 
avoid straining) will reduce symptoms in most patients and 
should be tried first. Patients without rectal intussusception 
should be offered biofeedback to retrain their bowel func-
tion.82 If symptoms persist, a localized resection may be 
considered in selected patients.83 Those few patients poten-
tially suitable for localized resection should be highly symp-
tomatic, be good surgical risks, have failed all conservative 
nonoperative management and have localized, accessible 
areas of disease. Patients with prolapse are considered for 
surgical treatment via an appropriate procedure as outlined 
previously. Those without prolapse may be offered excision 
which varies from a transanal excision to a major resection 
with coloanal pull through.

Conclusion

Optimal management of patients with rectal prolapse 
requires careful patient evaluation for synchronous func-
tional bowel disorders. Although, the precise etiology of 
rectal prolapse remains unclear, the condition is frequently 
associated with constipation and straining; intuitively, these 
coexisting symptoms seem to play a role in the development 
of prolapse in many patients. Management of any associ-
ated constipation seems important to the ultimate outcome 
of treatment, although it remains unclear as to whether suc-
cessful management of constipation results in a lower risk 
of recurrent prolapse. The preoperative evaluation of any 
associated anterior compartment problems such as urinary 
incontinence, voiding disorders, cystocele, and rectocele is 
essential. If those preexisting conditions are unrecognized 
and remain untreated correction of the rectal prolapse may 
exacerbate them. Fecal incontinence is a frequent complica-
tion of full-thickness rectal prolapse; unfortunately success-
ful treatment of the prolapse results in only a 50% chance of 
improvement in preexisting fecal incontinence.

Operative management can be divided into abdominal 
approaches and perineal approaches. Generally, abdominal 
procedures have a higher morbidity but a lower rate of recur-
rence compared to the perineal approaches. Selection of the 
best specific procedure for a given patient is at the surgeon’s 
discretion and remains highly dependant upon such variables 
as the patient’s general medical condition, comorbid disorders, 
the presence of incontinence or constipation, and any prior 
history of colon resection. Typically, the surgeon balances the 
risk of recurrent prolapse against the operative morbidity  



56133. Rectal Prolapse

in deciding between abdominal and perineal approaches. 
The use of mesh is acceptable, whereas anal encirclement is 
rarely used. Laparoscopic approaches to treat rectal prolapse 
have been shown to be safe and effective. The use of robotic-
assisted surgery for rectal prolapse will likely increase.

SRUS and CCP are uncommon colorectal conditions often 
associated with prolapse. As they are benign conditions, 
efforts are directed to establishing the diagnosis, exclud-
ing malignancy, and treating symptoms. Initial conservative 
therapy is to modify bowel movements and habits and is 
associated the most success. If these measures fail, surgical 
therapy to correct any coexisting rectal prolapse or to excise 
locally the lesions may be considered.

Acknowledgments. This chapter was authored by Anthony 
M. Vernava, III and David E. Beck in the previous edition 
of this textbook.
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34
Other Benign Colorectal Disorders
Justin A. Maykel and Scott R. Steele

Introduction

Multiple different disease processes may affect the colon and 
rectum, each challenging in varying aspects for both patient 
and physician alike. Though considered benign, they encom-
pass a wide spectrum of pathology ranging from infectious, 
radiation-induced, and vascular etiologies to more obscure 
and difficult to diagnose conditions such as collagen vas-
cular and microscopic colitides. Confounding the situation, 
patients may present with a variety of clinical symptoms 
spanning from chronic, nonspecific diarrhea, vague abdomi-
nal pain, and low-grade fevers, to florid sepsis. As such, cli-
nicians caring for these patients must be aware of not only 
the many subtleties associated with each condition, but also 
possess a sound, and often stepwise, approach for evaluation 
and treatment. In this chapter, we review the extensive gamut 
encompassing these less common conditions, highlighting 
the critical diagnostic and therapeutic strategies to maximize 
patient outcomes.

Bacterial Enteritis/Colitis

Escherichia coli

Escherichia coli normally resides in the human gastroin-
testinal (GI) tract. Five pathologic variants exist including 
enterotoxigenic E. coli (ETEC), enteropathogenic E. coli 
(EPEC), enterohemorrhagic E. coli (EHEC, also called Shiga 
toxin-producing E. coli or STEC), enteroinvasive E. coli 
(EIEC), and enteroaggregative E. coli (EAEC or EAggEc). 
These strains are not commonly distinguishable with stan-
dard laboratory testing, although EHEC H7-O157 is the only 
strain readily identified in the clinical laboratory. Typically, 
infection from all strains leads to variable degrees of diar-
rhea, from mild to severe, resulting in large volume GI tract 
losses and electrolyte abnormalities. Subtle differences can 
help distinguish between the strains clinically. Enteropathic 
E. coli (EPEC) primarily causes outbreaks of severe diarrhea 

in nurseries. The bacteria adhere to the mucosa of the small 
bowel and secrete a toxin that results in watery diarrhea, vom-
iting, and fever. ETEC is a major cause of traveler’s diarrhea, 
with 30–50% of travelers from industrialized nations spend-
ing 3 weeks or more in developing nations experiencing this 
infection.1 EHEC has occurred in the United States (US) dur-
ing outbreaks associated with undercooked hamburger meat. 
Cases caused by EHEC can result in severe dysentery more 
commonly with bloody diarrhea than the other strains. Treat-
ment in all cases is typically supportive, although antibiot-
ics (fluoroquinolone or trimethoprim-sulfamethoxazole) are 
added for complicated and persisting cases, and in those with 
underlying immunosuppression. Additionally, there is some 
evidence that the duration of diarrhea from EAEC is decreased 
with antibiotics (i.e., ciprofloxacin) administration.2

Shigella

Named after the Japanese scientist Shiga who discovered 
them over 100 years ago, Shigella is the classic cause of dys-
entery in developing and industrialized countries. From the 
several variety of species of Shigella bacteria, Shigella flex-
neri (~1/3) and Shigella sonnei (~2/3) are far and away the 
most common causes of Shigellosis around the world that 
may be transmitted via person-to-person or through con-
taminated food, milk, or water. These bacteria are resistant 
to the low gastric pH, multiply in the small bowel, and even-
tually infiltrate colonocytes, resulting in clinical infection. 
Shigella is capable of colonizing the intestinal epithelium 
by exploiting epithelial-cell functions and circumventing the 
host innate immune response.3 Patients commonly present 
with high fevers, abdominal cramps, tenesmus, and initially 
watery (though later bloody/mucoid) diarrhea. Malnourished 
and immunocompromised patients are most at risk for devel-
oping the debilitating and septic complications of infection.4,5 
In addition to the clinical presentation, diagnosis is confirmed 
by elevated fecal leukocytes and stool cultures. Endoscopic 
exam reveals a nonspecific friable, edematous, erythema-
tous mucosa with focal ulcerations and bleeding. The most 
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often affected area is the rectum and sigmoid, although more 
severe infections often result in more proximal progression. 
Symptoms typically last 4–7 days, but vary depending on the 
infecting bacterial subtype and underlying immune status of 
the patient. Intestinal complications including rectal prolapse 
(particularly in infants and young children), toxic megacolon 
(3%),6 intestinal obstruction (2.5%),7 and perforation may 
also develop. Systemic complications may include bacteremia 
(in children and immunosuppressed), metabolic disturbances 
(i.e., SIADH hyponatremia, protein-losing enteropathy), leu-
kemoid reaction, seizures (fever-related), reactive arthritis, 
and hemolytic uremic syndrome. Treatment is generally 
supportive, while in the immunocompromised host or when 
dysentery develops, trimethoprim-sulfamethoxazole, cipro-
floxacin, and ampicillin have demonstrated effectiveness at 
shortening the duration and severity of illness.8 Paradoxi-
cally, antidiarrheal agents such as loperamide (Imodium™) or 
diphenoxylate with atropine (Lomotil™) can make the illness 
worse, and should be avoided.

Salmonella

Salmonella, named for the pathologist Salmon who first 
isolated Salmonella choleraesuis from porcine intestine,9 
are gram-negative bacilli that grow under both aerobic and 
anaerobic conditions. They are the most commonly isolated 
pathogens from the stool of patients with gastroenteritis.10 
Salmonella enteritidis (which most frequently causes gas-
troenteritis) and Salmonella typhi (which more often causes 
enteric fever in underdeveloped countries) are also quite dif-
ferent in their epidemiology. In the US, the incidence rate of 
nontyphoidal Salmonella infection has doubled in the last 
two decades, with an estimated 1.4 million cases occurring 
annually.11 Salmonella live in the intestinal tracts of humans 
and animals, and are usually transmitted to humans by eating 
foods contaminated with animal feces, including beef, poultry, 
milk, or eggs. Unlike Shigella, the organism is ingested and is 
susceptible to destruction by normal gastric acidity, pancre-
atic enzymes, and enteric secretions.1 Gastroenteritis due to 
Salmonella is clinically indistinguishable from gastroenteritis 
caused by many other pathogens, commonly presenting with 
nausea, vomiting, fever, diarrhea, and cramping. Salmonella 
gastroenteritis is usually self-limited. Fever generally resolves 
within 48–72 h, though diarrhea takes longer at 4–10 days. 
Hemorrhage, obstruction, and perforation may occur, albeit 
infrequently, requiring emergent surgical intervention with 
resection and proximal diversion.12 Up to 8% of patients with 
nontyphoidal Salmonella gastroenteritis develop bacteremia.13 
Of these, 5–10% also develop severe localized infections, 
including endocarditis, mycotic aneurysm, and osteomyeli-
tis.14 Similar to other bacterial infections, the clinical diagnosis 
is confirmed via stool culture. Treatment remains controver-
sial and depends in part on the host immune status. In general, 
fluid and electrolyte replacement are administered. Based 
on available data, antibiotic therapy is not recommended in 

healthy immunocompetent individuals.15 However, for those 
with severe disease (typically requiring hospitalization) or 
for those who are immunocompromised, antibiotics are rec-
ommended. Fluoroquinolones are the most frequent first line 
therapy, followed by trimethoprim-sulfamethoxazole, and are 
given for a 3- to 7-day course, with a longer minimum 14-day 
period in the immunosuppressed. Unfortunately, some Salmo-
nella spp. bacteria have become resistant to antibiotics, largely 
as a result of the use of commercially used antibiotics to pro-
mote the growth of food-source animals. This should be kept 
in mind for patients not responding in the expected fashion.

Campylobacter

This spiral or “twisted” gram-negative rod is the most fre-
quently identified cause of acute diarrheal illness in the US and 
industrialized nations. Of the various species, Campylobacter 
jejuni is the most common. Outbreaks generally occur during 
warm weather and are most frequently traced back to poor 
handling or preparation of beef or chicken products at barbe-
cues. The organism can produce a spectrum of disease from 
watery diarrhea to dysentery, depending upon the strains’ 
ability to produce enterotoxin, cytotoxin, or directly invade 
the mucosa.5 Most cases present with fever, abdominal pain, 
diarrhea, nausea, and malaise within 2–5 days after exposure. 
Symptoms are generally self-limited, resolving within 1 week, 
though may linger up to 3 weeks or longer. The terminal ileum 
and cecum are most commonly involved sites. Rarely, when 
the organism elaborates mucosal invasive properties, mesen-
teric lymphadenopathy may simulate appendicitis or produce 
an enteric fever-like syndrome. Immunocompromised patients 
are at even greater risk for severe complications including per-
foration, obstruction, and sepsis. Long-term consequences of 
infection include arthritis, Reiter’s syndrome, and Guillain–
Barre syndrome.16,17 Endoscopic findings range from segmen-
tal colonic ulcerations to a diffuse colitis. Further complicating 
this diagnosis, disease limited to the ileocecal region may also 
mimic Crohn’s disease. Stool studies may reveal leukocytes or 
the characteristic organisms that are identifiable only by dark-
field or phase-contrast microscopy.18 Definitive diagnosis 
requires stool cultures as the disease clinically resembles both 
Salmonella and Shigella. As in other bacterial colitis, treat-
ment with ciprofloxacin or erythromycin should be reserved 
for severely ill or immunocompromised patients. Otherwise, 
treatment is simply supportive with bowel rest, intravenous 
fluid, and correction of metabolic abnormalities. Surgical 
intervention may rarely necessary to treat complications such 
as megacolon, hemorrhage, or perforation; though more com-
monly occurs as a result of suspected appendicitis.

Yersinia

Three species of Yersinia produce human illness: Yersinia 
 pestis (the causative agent of human plague), Yersinia pseudo-
tuberculosis (rare in the US), and Yersinia enterocolitica  
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(i.e., yersiniosis). Contaminated food (typically pork) and 
water serve as the major routes of transmission of infection, 
and typically affect children and young adults. After invad-
ing the intestinal epithelium, these gram-negative coccoba-
cilli localize to lymphoid tissues of the intestinal mucosa (i.e., 
Peyer’s patches) and regional mesenteric lymph nodes. Symp-
toms associated with yersiniosis include diarrhea, abdominal 
pain (especially right lower quadrant), fever, and less fre-
quently nausea and vomiting. Symptoms typically develop 
4–7 days after exposure and may last 1–3 weeks or longer. 
Similar to Campylobacter infection, this clinical presenta-
tion may be confused with other conditions such as appendi-
citis and Crohn’s disease, often called pseudoappendicitis or 
mesenteric adenitis. As the bacteria tend to infect lymphoid 
tissue throughout the body, concomitant tonsillar symptoms 
of pharyngitis symptoms can help distinguish Yersinia from 
other causes of colitis. Gastrointestinal complications of acute 
yersiniosis include suppurative appendicitis, diffuse ulcerative 
ileitis and colitis, intestinal perforation, peritonitis, intussus-
ception, toxic megacolon, small bowel necrosis, cholangi-
tis, and mesenteric vein thrombosis.19 Stool cultures remain 
the gold standard for diagnosis, although specific culture for 
Campylobacter is normally not standard, and typically requires 
a special request. Serologic tests are commercially available 
to help in diagnosis as well. While antimicrobial treatment has 
been shown to decrease fecal shedding,20 there are no studies 
that have demonstrated a benefit in uncomplicated enterocoli-
tis, and are generally not given. If clinically indicated for the 
treatment of complicated illness (i.e., septicemia),19 therapy 
with a fluoroquinolone (adult) or trimethoprim-sulfamethox-
azole (children) are first line choices, with a third-generation 
cephalosporin combined with gentamicin intravenously used 
in more severe disease. Following treatment, chronic sequelae 
are frequent, including erythema nodosum and reactive arthri-
tis.19 These usually develop approximately 1 month following 
the initial episode of diarrhea, and generally resolve spontane-
ously after 1–6 months.

Tuberculosis

Tuberculosis affecting the gastrointestinal tract in the US 
is almost always due to either Mycobacterium tuberculosis 
or Mycobacterium bovis. In general, infection is unusual in 
Western countries, outside of immigrants and people infected 
with HIV.21 Tuberculous enterocolitis is generally contracted 
via consumption of unpasteurized milk or from swallowing 
sputum infected from pulmonary tuberculosis. From the time 
of exposure to the organism, clinical manifestations can be 
delayed for up to a year, further confounding the diagnosis. 
Gastrointestinal tuberculosis manifestations can be divided 
into three categories: the ulcerative form (60%), hypertrophic 
form (10%), and mass-like lesions (30%) that mimic malig-
nancies. Which type the patient exhibits depends in part on 
the host’s immune system.22 Distal small bowel and cecal 
infections are most common and present with abdominal 

pain, weight loss, and fever, often mimicking Crohn’s disease 
or malignancy.23 Ulcers of varying depth, fistulas, and steno-
sis may also result from the infectious process, thus causing 
further difficultly in distinguishing this entity from inflam-
matory bowel disease. Clinically, tuberculosis can present in 
a wide variety of ways. Physical findings include general-
ized wasting, with up to 50% of patients having a palpable 
mass in the right lower quadrant. Barium enema, ultrasound, 
and CT may suggest the diagnosis, but findings are too often 
nonspecific.24 Significant lymph node reaction may be seen, 
so-called tuberculous peri-colonic adenitis, producing extrin-
sic compression leading to symptoms of partial or complete 
intestinal obstruction. Tuberculous peritonitis can present as 
a surgical emergency mimicking acute appendicitis or a per-
forated hollow viscous. Colonoscopic biopsy or fine needle 
aspiration have permitted detection of acid-fast bacilli or 
caseating granulomas while awaiting culture reports. Diag-
nostic laparoscopy demonstrated tuberculous peritonitis with 
95% accuracy in one series in select patients.25 Anorectal 
involvement results in ulceration and stricture formation, 
often mimicking malignancy. Stool cultures for viable Myco-
bacterium organisms rarely demonstrate growth, but may be 
more likely positive in active cases of pulmonary tuberculo-
sis. Serology tests have been developed and demonstrate sen-
sitivity for intestinal tubercular disease of over 80%, though 
still are difficult in differentiating from Crohn’s disease.26 
A positive tuberculin skin test may be useful, but not neces-
sarily diagnostic, as this may result from remote disease or a 
prior exposure without any current clinical activity.

Treatment is usually medical with multidrug regimens. 
Isoniazid and rifampin are first line treatment, with pyrazi-
namide and streptomycin or ethambutol often required until 
sensitivity analysis can be determined in the immunocom-
promised host.27 In more established cases, obstruction of the 
bowel secondary to sclerosing lesions or fistulous disease may 
require surgical intervention. It is still recommended that a 
medical trial be attempted as many patients will improve and 
resolve without surgery.28 Rectal tuberculosis, while rare, can 
result in stricturing. Most cases will improve with antituber-
culous drugs, though dilation may be required, and operative 
treatment only for severe or recalcitrant symptoms.

Neisseria gonorrhea

First identified in 1879 by the German physician Albert 
Neisser, Neisseria gonorrhea, a gram-negative diplococ-
cus, remains the second most common sexually transmit-
ted infection in the United States and Europe.28 Gonococcus 
can lead to genital or extragenital infections, particularly the 
pharynx and the rectum, occurring more commonly in men 
having sex with men (MSM). Gonococcal urethritis presents 
with purulent penile discharge and dysuria. Cervical gono-
coccus also results in pruritis and/or discharge, but may be 
asymptomatic in 50% of cases. Anorectal gonorrheal infec-
tions typically occur among men who engage in anoreceptive 
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intercourse. Symptoms of proctitis start 5–7 days after expo-
sure and include a mucopurulent rectal discharge, tenesmus, 
constipation, and classically co-existent moderate to severe 
pain; although infection may infrequently be asymptom-
atic.29 Physical examination may reveal edema, erythema, or 
fissuring of the anorectal mucosa (Figure 34-1). A mucopu-
rulent discharge is the most common finding.30 Culture for  
N. gonorrhoeae requires a Thayer–Martin chocolate agar and 
remains the “gold standard” for diagnosis. Cultures are taken 
with a cotton swab from the urethra, anal canal/rectum, or 
pharynx. Other options include gram stain (urethra), DNA 
probe, DNA amplification, and real-time PCR. Antimicro-
bial treatment must consider not only drug resistance, but 
co-pathogens such as Chlamydia trachomatis as well. Third 
generation cephalosporins (single dose 125 mg ceftriaxone, 
intramuscularly) are considered first-line therapy. Based on 
susceptibility, sulfonamides, penicillin, tetracycline, and 
fluoroquinolones are no longer recommended for the treat-
ment of gonorrhoeae in the United States due to resistance 
patterns. Co-infection with C. trachomatis should be treated 
empirically with either doxycycline (100 mg BID for 7 days) 
or azithromycin (1 g in a single dose).31 Patients should also 
alert their sexual partners for evaluation and treatment, to 
prevent disease spread or continued reinfection.

Lymphogranuloma Venereum

Although endemic to Africa, Southeast Asia, the Carib-
bean, and Central and South America, lymphogranuloma 
venereum (LGV) has become an increasingly common 

cause of proctitis in Western Europe and the United States, 
 particularly among MSM (mainly in HIV-infected patients 
 undertaking high-risk sexual activities).32,33 LGV is caused by 
C.  trachomatis serovars L1, L2, and L3. As LGV is primarily 
a  disease of the lymphatics, infection extends from the pri-
mary inoculation site to the draining lymph nodes, producing 
a lymphangitis, with subsequent nodal necrosis and abscess 
formation.33 The primary lesion of LGV occurs at the site 
of inoculation 3–30 days after sexual contact in the form of 
a painless pustule, shallow ulcer, or erosion. A secondary 
stage can occur 3–6 months after exposure and manifests as 
acute proctitis and inguinal lymphadenopathy that can sup-
purate and ulcerate. Excruciating pain helps to distinguish it 
from many other forms of proctitis. Left untreated, a chronic 
inflammatory response along with tissue destruction occurs, 
resulting in late sequelae including pelvic abscess, fibrosis, 
rectal stricture, fistula, and ulceration. Lymphedema and 
genital elephantiasis, with persistent suppuration and pyo-
derma, can also be seen.33 The anal findings include ulcers, 
fistulas, and strictures, which, along with endoscopic find-
ings, closely resemble Crohn’s disease. Accordingly, treating 
physicians should consider this diagnosis in the proper clini-
cal scenario. Specific LGV-associated serovars of chlamydia 
can be detected in those with positive PCR by genotyping. 
However, the diagnosis is usually initially based on clini-
cal findings in association with a positive rectal chlamydia 
culture as genotyping results are not readily or immediately 
available.34 The preferred treatment is doxycycline 100 mg 
twice daily for 3 weeks, with erythromycin used as an alter-
native. Administration of antibiotics both cures the infection 
and helps prevent further damage to tissues, although long-
term scarring can ensue in areas of tissue reaction, particu-
larly if diagnosis and treatment are delayed.

Syphilis

Treponema pallidum is a spirochete that invades subcutane-
ous tissues through abrasions caused during sexual inter-
course. The spirochete establishes a painless ulcer (chancre), 
replicates, and infects draining lymph nodes (Figures 34-2 
and 34-3). The painless nature of the chancre distinguishes 
it from the other major causes of a genital ulceration, herpes 
simplex virus (genital herpes), C. trachomatis (lymphogran-
uloma venereum), and Hemophilus ducreyi (chancroid). 
While the host immune system targets and heals the initial 
chancre within weeks, widespread dissemination of spiro-
chetes occurs at the same time, leading to subsequent clinical 
manifestations of secondary or tertiary syphilis in untreated 
patients. Weeks to a few months later, approximately 25% 
of individuals with untreated infection develop a systemic 
illness that represents secondary syphilis, with symptoms 
including a rash on the palms, soles, and mucosal surfaces, 
fever, headache, malaise, anorexia, and diffuse lymphade-
nopathy. Similar to primary disease, these manifestations 
of secondary syphilis typically resolve spontaneously, even 

Figure 34-1. Endoscopic appearance of Gonoccocal proctitis. 
Notice the mucopurulent discharge.
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without therapy. When patients are untreated during the 
earlier stages of syphilis, they are at risk for the manifesta-
tions of late or tertiary syphilis, including central nervous 
system, cardiovascular, and gummatous syphilis. Condylo-
mata lata occurring in the perianal region appear as moist 
wart-like lesions that may be confused for human papilloma 
virus infection. While the chancre of primary syphilis is best 
diagnosed by darkfield microscopy, serologic testing is the 
mainstay of diagnosis, traditionally involving a nonspecific 
nontreponemal antibody test followed by a more specific 
treponemal test for diagnostic confirmation.35 Since T. pal-
lidum divides slowly, long-acting penicillin preparations are 
the preferred drugs for the treatment of all stages of syphilis. 
A single dose of benzathine penicillin G (2.4 million units 
intramuscularly) remains the standard therapy for primary, 
secondary, or early latent syphilis. Late latent syphilis or 

latent syphilis of unknown duration requires three doses of 
2.4 million units intramuscularly each at 1-week intervals.36 
Fortunately, there have been no cases of penicillin resistance 
reported. Options for the treatment of syphilis in penicillin 
allergic patients include tetracyclines, macrolides, or ceftri-
axone.

Brucellosis

Brucellosis is a bacterium that is transmitted through unpas-
teurized goats’ milk or cheese, contact with infected animals, 
or inhalation of aerosols. The constellation of symptoms is 
similar to the flu and may include fever, sweats, headaches, 
back pains, and weakness. It is encountered predominantly 
in underdeveloped nations, and is rarely seen in the US, with 
only 100–200 cases reported each year. Symptoms are that 
of a nonspecific colitis. Cultures of the exudate will reveal 
the organism and are required for confirmation. Endoscopic 
examination reveals inflammatory changes that are incapa-
ble of discriminating from other causes. Serologic tests are 
available to aid in early diagnosis and installation of treat-
ment. Single agent therapy has an unacceptably high relapse 
rate so that currently, doxycycline 100 mg orally twice daily 
for 3–6 weeks and streptomycin 1 g IM q 12–24 h for 14 
days are preferred. A more recent metaanalysis suggests that 
triple therapy by adding an aminoglycoside may result in 
lower failure rates.37 Overall mortality is low (<2%), and is 
usually associated with the development of endocarditis.38

Actinomycosis

Actinomycosis is an uncommon, chronic granulomatous 
disease caused by Actinomyces israelii, an anaerobic gram-
 positive bacteria. The bacteria exists in the gastrointestinal 
tract, but can invade necrotic tissue and cause infections lead-
ing to granulomatous tissue, extensive reactive fibrosis and 
necrosis, abscesses, draining sinuses, and fistulas.39 While 
infection in the cervicofacial area is most common (~50%), 
abdominal actinomycosis typically involves the appendix 
and ileocecal region. Similar to many of these infections, 
actinomycosis is a difficult disease to diagnose as its presen-
tation mimics more common conditions such as malignancy, 
Crohn’s disease, and tuberculosis. Therefore, the diagnosis 
is often made postoperatively. Colonoscopic findings can 
include thickened appearing mucosa, colitis, ulceration, nod-
ularity, and a button-like elevation of an inverted appendiceal 
orifice.40 Diagnosis is confirmed upon histological identifica-
tion of characteristic yellow sulfur granules and/or culture of 
A. israelii. Medical treatment consists of a prolonged course 
of penicillin, intravenously for 4–6 weeks, followed by oral 
therapy for 6–12 months to prevent relapse. Surgical options 
are most often for disease complications such as resection 
of an obstructive segment or abscess drainage, which occur 
most often prior to a confirmative diagnosis. When neces-
sary, surgery is coupled with systemic antibiotic therapy.41

Figure 34-2. Painless posterior-lateral ulceration (chancre) of anal 
syphilis.

Figure 34-3. Suppurative inguinal lymphadenopathy of syphilis.
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Viral Enteritis/Colitis

Cytomegalovirus

Cytomegalovirus (CMV) is a member of the herpes virus 
family, and is considered an opportunistic infection in 
immunocompromised hosts. Yet it can also manifest as a 
spectrum of diseases in the immunocompetent host. In both 
of these patient populations, infections are not rare, as sero-
prevalence for CMV worldwide ranges from approximately 
60 to 100%,42 thus making the differentiation between 
endogenous reactivation and exogenous reinfection dif-
ficult. Infection typically occurs late in the course of HIV 
infection when CD4 cell counts plummet or in immunosup-
pressed transplant patients.43 Involvement is most common 
in the colon, although concomitant disease may occur in 
the proximal gastrointestinal tract. The clinical manifesta-
tions of CMV colitis vary greatly, from asymptomatic car-
riers to fulminate life-threatening infections. Symptoms 
include fever, weight loss, abdominal pain, and diarrhea, 
which may be bloody. As the disease progresses, frank 
ulceration, toxic megacolon, and perforation may occur. 
The diagnosis of CMV colitis may be challenging, although 
fairly reliable findings on endoscopic examination include 
patchy erythema with or without ulcerations of variable size 
and depth. Biopsies should be obtained for histopathologic 
examination to evaluate for the characteristic inclusion  bodies 
( Figure 34-4). Currently, there are several agents avail-
able for the systemic therapy of CMV infection, including 
 ganciclovir, val-ganciclovir, foscarnet, and cidofovir. Surgi-
cal therapy is generally relegated to complications such as 
bleeding and perforation, where a subtotal colectomy with 
ileostomy is often required.

Herpes Simplex Virus Proctitis

Most colorectal infections are as a result of herpes simplex 
virus (HSV) type 2. HSV 1 is not common, accounting for 
13% of rectal HSV infections, though most likely represents 
oro-anal transmission.44 Gastrointestinal tract involvement 
usually manifests as proctitis following anal intercourse in 
MSM who are more commonly HIV positive. Presenting 
symptoms include anorectal pain, discharge, tenesmus, and 
rectal bleeding as well as difficulty in urinating, temporary 
impotence, fecal incontinence, and sacral parasthesias. The 
diagnosis is established by a suggestive history in combina-
tion with physical examination findings including herpetic 
vesicles, pustules, and ulcerations that affect the perianal 
skin and anal canal, though rarely extend into the rectum. 
Sigmoidoscopic exam demonstrates an acute proctitis. Labo-
ratory evaluation of rectal samples allows the virus to be iso-
lated by culture. A variety of immunoassays currently exist 
to aid in diagnosis. Oral acyclovir has been demonstrated to 
be effective in alleviating symptoms although other formu-
lations may allow for twice or once daily dosing regimens. 
Immunocompromised patients should be treated with intra-
venous acyclovir followed by chronic suppressive therapy.45

Parasitic Enteritis/Colitis

Amebiasis

Entamoeba histolytica, while uncommon in the United States, 
is highly prevalent worldwide with approximately 40–50 
million cases annually, accounting for 40,000 deaths.46 This 
protozoan exists in either the cyst or trophozoite stages. Cysts 
are ingested in contaminated food or water, or via fecal–oral 
sexual transmission, and become trophozoites in the small 
intestine. Upon reaching the colon, they adhere to a specific 
lectin on the epithelial cell and penetrate the mucosa caus-
ing colitis and bloody diarrhea. The rates are much higher 
in developing countries and in homosexual males. Approxi-
mately 90% of E. histolytica infections are asymptomatic, 
with invasive disease depending on host genetic susceptibil-
ity, age, and immunocompetence.47 In most patients, symp-
toms range from mild diarrhea to severe dysentery. Cases of 
fulminant colitis with bowel necrosis, perforation, and peri-
tonitis occur in ~0.5%, but are associated with a mortality 
rate of more than 40%.48 Localized colonic infection may 
also occur that results in a mass of granulation tissue, or an 
ameboma, which can mimic colon cancer. Perianal cutaneous 
amebiasis and rectovaginal fistulae are other reported rare 
complications. The diagnosis can be aided via antigen test-
ing or serology tests. Colonoscopy classically demonstrates 
characteristic flask-shaped amebic ulcers where scrapings or 
biopsy specimens, best taken from the edge of ulcers, may be 
positive for cysts or trophozoites on microscopy. Treatment 
consists of oral metronidazole administered to eliminate the 

Figure 34-4. Cytomegalovirus colitis. Infected cells are enlarged 
with eosinophilic intranuclear and intracytoplasmic inclusions. 
(Courtesy of Jeanette R. Burgess, MD).
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invading trophozoites and to eradicate intestinal carriage of 
the organism, with success reported in approximately 90% 
of cases.46 Surgical intervention is reserved for complica-
tions including toxic megacolon, uncontrolled abscesses, 
and intestinal perforation.49

Balantidiasis

Balantidium coli is the largest and least common protozoal 
pathogen affecting humans and is the only ciliate that pro-
duces important human disease.50 While rare in the US, it is 
most commonly found in tropical and subtropical regions, 
thus travel history is an important aspect in diagnosis. Com-
munities that live in close association with pigs have an 
increased prevalence of disease due to the high rate of car-
riage of this organism by these animals. B. coli infection is 
spread to humans by ingestion of cysts spread by contami-
nated water and food. Similar to other protozoa, the tropho-
zoite invades the distal ileal and colonic mucosa to produce 
intense mucosal inflammation and ulceration. In the symp-
tomatic patient, diarrhea with blood and mucus is accom-
panied by nausea, abdominal discomfort, and weight loss. 
If allowed to progress, it can develop into fatal fulminant 
colitis with peritonitis and colonic perforation. The diagno-
sis is made by the identification of trophozoites excreted in 
the stool or from the margin of rectal ulcers associated with 
infection. The most commonly used treatment is tetracycline 
500 mg four times daily for 10 days.51,52

Cryptosporidiosis

Cryptosporidium is an intracellular protozoan parasite that 
infects and the epithelial cells of the digestive or respiratory 
tracts, causing a secretory diarrhea that can be associated 
with malabsorption, and biliary tract disease (i.e., stricturing 
and cholangitis).53 Cryptosporidiosis presents in one of three 
main settings: (1) sporadic: often water-related outbreaks of 
self-limited diarrhea in immunocompetent hosts; (2) chronic: 
life-threatening illness in immunocompromised patients (i.e., 
HIV infection); and (3) diarrhea with malnutrition in young 
children in developing countries. Transmission of cryptospo-
ridium occurs via spread from an infected person or animal or 
from a fecal-contaminated food or water source.54 The patho-
genesis of cryptosporidium infection involves ingestion of 
oocysts, excyst to sporozoites in the small bowel lumen, and 
invasion of the epithelial cells. Clinically, this may result in an 
asymptomatic carrier state, mild diarrhea, or severe enteritis. 
The illness usually resolves without therapy in 10–14 days in 
immunologically healthy people, yet excretion of oocysts can 
continue for prolonged periods.55 In immunocompromised 
AIDS patients, a number of other clinical manifestations have 
been described, including cholecystitis, cholangitis, hepatitis, 
pancreatitis, and respiratory tract involvement. Biliary tract 
involvement most commonly with acalculous cholecystitis or 

sclerosing cholangitis affects 10–30% of these patients with 
underlying AIDS.56 The diagnosis of cryptosporidiosis is made 
by microscopic identification of the oocysts in stool or tissue, 
via microscopy, histopathology, ELISA, and PCR. Immuno-
competent hosts generally recover within 2 weeks without 
antimicrobial therapy, only requiring simple supportive treat-
ment. Treatment with nitazoxanide has been shown to speed 
clinical improvement and clear posttreatment cryptosporid-
ium oocysts from stool samples.57,58 This is recommended for 
persisting symptoms and in the pediatric age group. For HIV-
infected patients, it is essential to initiate appropriate HAART 
treatment. In addition, nitazoxanide is recommended when 
CD4 counts are less than 100 cells/mL. Prognosis in this lat-
ter group is poor, particularly if the immune system cannot 
recover with HAART therapy. Ultimately, the majority of 
patients develop chronic disease with 10% acquiring a fulmi-
nant form with a corresponding high mortality rate.59

Giardiasis

Giardia lamblia is a flagellated protozoan gastrointestinal 
parasite that is commonly encountered in the United States. 
This is a common cause of water-borne and food-borne diar-
rhea encountered in day-care center outbreaks, internation-
ally adopted children, and diarrhea in international travelers. 
Similar to cryptosporidium, after ingestion, the Giardia cysts 
excyst in the upper small bowel and release trophozoites 
which absorb to the mucosal surface of the jejunum, but do 
not invade the epithelium (Figure 34-5). Infection persists 
as the trophozoites revert to cysts in the large intestine. The 
mechanism how this leads to diarrhea and malabsorption is 
poorly understood; however, alterations in epithelial structure 
occur which may play a factor. Interesting to the surgeon, 

Figure 34-5. Duodenal giardiasis. Pale pink organisms are identi-
fied in the lumen. No architectural distortion or inflammation is 
seen. (Courtesy of Jeanette R. Burgess, MD).
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hypochlorhydria is a risk factor for infection, particularly 
after gastrectomy or in patients on acid suppressive medi-
cations. Transmission occurs via person-to-person (infec-
tious cysts in stool), in uncooked foods, and contaminated 
water supplies (common in hikers and bikers who drink from 
mountain lakes).60 The clinical presentation of infection var-
ies greatly, ranging from asymptomatic infection in up to 
60% to a self-limited acute or long-lasting chronic infec-
tion.61 Classic symptoms of an acute infection include a pro-
longed 2- to 4-week course of diarrhea along with weight 
loss.62 Chronic infection can occur in up to 30–50% of symp-
tomatic patients, resulting in loose stools, significant malab-
sorption, weight loss, and fatigue. In addition, malabsorption 
may lead to approximately 40% of patients developing lac-
tose intolerance. As this may take many weeks to normalize, 
confusion may occur in differentiating lactose intolerance 
symptoms with recurrence after treatment. Proper identifi-
cation involves stool samples for ova and parasite (O and 
P), which reveals trophozoites and cysts in 50–70% of cases 
with a single specimen, and approximately 90% after three 
specimens.63 Immunoassays with antibodies directed against 
either cyst or trophozoite antigens can confirm the diagnosis. 
Most asymptomatic patients do not require treatment, while 
all symptomatic patients are given antimicrobial therapy. 
Metronidazole is the first-line therapy in the United States, 
resulting in resolution of infection in 80–95% of cases. While 
not commonly use, other options include tinidazole, quina-
crine, albendazole, and nitazoxanide.

Trypanosomiasis

Trypanasoma cruzi is the organism responsible for  Chagas’ 
disease or trypanosomiasis. Chagas’ disease is transmitted 
via the bite of the reduvid bug, also known as the “kissing 
bug.” Chagas’ disease occurs primarily in central  Brazil, but 
also is found in nonendemic areas where it may be acquired 
by blood transfusion, congenital transmission, or organ 
transplantation.64 Clinical syndromes present in two stages –  
acute and chronic. Most patients infected with T. cruzi 
are asymptomatic during the acute stage of infection, while 
others develop a wide range of symptoms including fever, 
swollen face or eyelids (Romana’s sign), peripheral edema, 
conjunctivitis, hepatosplenomegaly, lymphadenopathy, and 
less commonly, myocarditis and meningoencephalitis.65 
Organ damage during the acute phase is due to both high-
grade parasitemia and direct tissue parasitism, mainly in 
the gastrointestinal tract, central nervous system, and heart. 
Approximately 50% of infected individuals develop chronic 
disease, typically following a long period of clinical latency 
called the “indeterminate form,” which lasts for years to 
decades. This may ultimately lead to cardiomyopathy, 
megaesophagus, and megacolon. Involvement of the colon 
results in abnormal basal colonic motility and an impaired 
relaxation response in the anal sphincter.66 The colonic 
wall becomes thickened and dilated, most commonly at the 

 sigmoid colon. Patients develop constipation, which can be 
severe, resulting in impaction of desiccated feces. The atonic 
colon occurs as result of denervation in both the submu-
cosal (Meissner) and myenteric (Auerbach) plexuses. In the 
chronic form, parasites often cannot be detected circulating 
in the blood or visualized in biopsies of involved organs; as 
such, the diagnosis is made on linking clinical symptoms 
with a presence of an endemic area along with supportive 
radiological findings. Treatment of colonic complications 
includes fiber supplementation, enemas, and often, frequent 
disimpaction. Severe complications such as toxic megacolon 
and volvulus usually require either endoscopic treatment or 
surgical intervention. All patients with acute infection and all 
immunosuppressed individuals should be treated medically 
as well. The two main agents that are used are nifurtimox 
and benznidazole, although both have extensive side effect 
profiles that impact compliance. Finally, it is controversial 
whether patients in the indeterminate phase or late stage 
benefit of antiparasitic therapy and thus should be deter-
mined on a case-by-case basis.67

Ascariasis

Ascaris lumbricoides is one of the most common  helminthic 
human infections worldwide, infecting an estimated 25% 
of the world population. Infection is more prevalent in chil-
dren, tropical climates, and areas with poor sanitation. This 
is impacted by the fact that ova can survive in the environ-
ment for years and asymptomatic infected patients can shed 
ova for years.68 Transmission typically occurs via ingestion 
of contaminated water or food. The life cycle entails the ova 
hatching in the small intestine and releasing larvae, which 
penetrate the intestinal wall and migrate hematogenously or 
via lymphatics. These larvae mature in the lungs, migrate 
up the bronchial tree, and are swallowed back into the GI 
tract. The mature worms are generally found in the jejunum, 
although they can live anywhere from esophagus to rectum. 
Adult worms live 1–2 years, and while not replicating in 
the host, one person can carry anywhere from 100 to 1,000 
worms, depending on egg exposure. Although most patients 
are asymptomatic, large worm loads are responsible for the 
development of symptoms. Additionally, symptoms have 
been attributed to the immunologic response to the foreign 
body, luminal obstruction, or nutritional deficiencies. For the 
colorectal surgeon, a mechanical intestinal obstruction can 
occur from a mass conglomeration of worms, particularly at 
the ileocecal valve and in the pediatric population.69 Worm 
migration into the biliary tree can cause biliary tract infec-
tions and strictures. Diagnosis is typically made by stool 
microscopy. One should note that the worms’ eggs are not 
seen in the stool early in infection cycle or if the infecting 
worms are all male. Peripheral eosinophilia can be seen, 
particularly during the pulmonary infection stage.70 Imaging 
including plain films, contrast studies, and CT scans often 
detect worm, either in the GI or biliary tracts. The mainstays 
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for treatment are mebendazole and albendazole, typically 
administered as a single dose.71 However, because they are 
teratogens, pyrantel pamoate is given during pregnancy. 
As these therapies are directed against the adult worm, as 
opposed to the larvae, patients should be rechecked in 2–3 
months to rule out reinfection, which is unfortunately seen 
in up to 80% of individuals.68

Schistosomiasis

Schistosomiasis is caused by infection with parasitic blood 
flukes/trematode known as schistosomes. Infection is very 
common, manifests in an array of clinical presentations, and 
can result in significant illness. Several species exist and occur 
in geographic patterns. Their lifecycle is complex, begin-
ning with infection via contaminated fresh water and sub-
sequent hematogenous spread, where they survive for many 
years.72 Most of the adult worms feed off circulating blood 
products, but do not cause disease. Rather, the eggs invade 
tissues, release toxins, and provoke an immune response.73 
In the bowel, granulomatous inflammation around the invad-
ing eggs can result in intestinal schistosomiasis character-
ized by ulceration and scarring.74 A similar granulomatous 
fibrosing reaction causes injury in the biliary tract and uri-
nary tract. Acute infection includes dermatitis and Katayama 
fever, which resembles serum sickness. Severity of chronic 
infection is related to the number of eggs trapped in tissues, 
their anatomic distribution, and the duration and intensity of 
infection.75 This includes intestinal, hepatic, urinary, spinal 
cord, cerebral or cerebellar, and pulmonary schistosomiasis. 
Regarding intestinal schistosomiasis, most patients present 
with intermittent abdominal pain, poor appetite, and diar-
rhea. Intestinal polyps, ulcers, and strictures can also arise 
due to granulomatous inflammation surrounding eggs that 
are deposited in the bowel wall. The diagnosis is made by 
microscopy with egg identification, serology, or radiological 
findings in the appropriate clinical scenario. Rectal biopsy 
may also reveal the presence of eggs in the mucosa or sub-
mucosa. All infected patients should be treated, regardless 
of symptomatology, as the adult worms can live for years.76 
Praziquantel paralyzes worms by altering permeability of 
calcium channels, causing the worms dislodge from the 
intestines, and are ultimately passed by peristalsis. Cure 
rates exceed 85%, with even treatment failures still decreas-
ing the intensity of infection in those not cured.77

Strongyloidiasis

Strongyloides stercoralis infection results in a wide range 
of clinical presentations, from a peripheral eosinophilia to 
septic shock, depending on host immune status. Cases are 
seen in the southeastern Appalachian region of the United 
States and in tropical endemic regions. Contact with con-
taminated soil allows the filariform larvae to penetrate the 
skin and spread hematogenously to the lungs, where they 

penetrate the alveolae, travel up the tracheobronchial tree, 
and are swallowed, similar to Ascaris. These larvae mature 
into adult worms and penetrate the mucosa of the duodenum 
and jejunum. Uniquely, the adult Strongyloides worms can 
produce rhabditiform larvae, which mature into filariform 
larvae within the gastrointestinal tract. These filariform lar-
vae can then penetrate the perianal skin or colonic mucosa to 
complete the cycle. This maturation results in autoinfection 
and maintenance of parasitism.78 As a result of this autoin-
fection, disease can persist for many years. Clinical mani-
festations include peripheral eosinophilia, cutaneous rashes 
(entry site most commonly sole of foot), gastrointestinal dis-
turbances including duodenitis, enterocolitis, malabsorption, 
pulmonary, and hyperinfection syndrome that involve mas-
sive hematogenous dissemination (particularly in the immu-
nosuppressed host) to the lungs, liver, heart, central nervous 
system, and endocrine glands.79 The diagnosis of strongy-
loidiasis is made either by detecting rhabditiform larvae in 
the stool or via serologic testing. Ivermectin is the treatment 
of choice for strongyloidiasis, while albendazole is a less 
reliable option.80

Trichuriasis

Trichuriasis is a common intestinal helminthic infection, seen 
particularly in warm, moist climates.81 Trichuris  trichiura is 
also called “whipworm” because the adult worm is shaped 
like a whip. Eggs are ingested orally and release larvae that 
mature into adult worms in the intestinal tract where they 
attach to the bowel mucosa (Figure 34-6). Most infections are 
asymptomatic, although heavy worm loads can result in diar-
rhea with blood, mucous, and rectal prolapse, in which case 
the adult worms are visible on the prolapsed rectal mucosa. 
The diagnosis is made by seeing the characteristic barrel-
shaped eggs harvested from stool samples, or visualizing the 

Figure 34-6. Characteristic microscopic appearance of T.  trichiura 
(whipworm) egg.
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adult worms endoscopically (Figure 34-7). Mebendazole is 
the treatment of choice, administered in a dose of 100 mg 
twice daily for 3 days.82

Enterobiasis

Enterobius is a common nematode that is found worldwide. 
Otherwise known as “pinworm,” infection occurs most fre-
quently in school children aged 5–10 years. The adults live 
in the human gastrointestinal tract mainly in the cecum and 
appendix, and migrate out through the rectum onto the peria-
nal skin at night to deposit eggs. As these larvae mature over 
the next 6 h, they cause local symptoms of pruritis ani sec-
ondary to an inflammatory reaction to the adult worms and 
eggs on the perianal skin. Scratching actually aids the worms 
by promoting reinfection and spread via oral ingestion. 
Rarely, with high worm burden, eosinophilic enterocolitis 
can develop.83 Rarely, the adult worm can migrate locally 
and cause vulvovaginitis, salpingitis, oophoritis, or cervi-
cal granulomas.84 The diagnosis of enterobiasis is best made 
using a “scotch tape” test, as adhesive tape will capture the 
eggs. These can be visualized under a microscope with their 
characteristic “bean-shaped” appearance. Adult pinworms 
may also be visualized endoscopically. Both mebendazole 
and albendazole are equally efficacious in curing 95% of 
patients, either with a single dose or repeated dose 1 week 
later aimed at treating reinfection.85 Pyrantel pamoate is rec-
ommended for symptomatic pinworm infections in pregnant 
women again to the teratogenic effects of the former two 

medications. Due to the likelihood of reinfection, all family 
members should be treated along with washing of all sheets 
and clothes.

Anisakiasis

Anisakis is a roundworm that uses marine mammals as their 
natural hosts. Infection is most commonly encountered in 
Japan and areas where raw fish is ingested. The larvae enter 
the intestinal mucosa where they die, resulting in an inflam-
matory reaction and abscess formation. Patients usually 
present with relatively acute onset of epigastric or abdominal 
pain, nausea, and vomiting and subsequent bloody diarrhea. 
Intestinal complications include obstruction and perfora-
tion, along with eosinophilic enterocolitis. When the ileoce-
cal region is involved, patients may be misdiagnosed with 
appendicitis.86 Allergic reactions ranging from mild urticaria 
to anaphylactic shock can also occur. Diagnosis is made by 
visualizing the worm at the base of intestinal ulcerations, con-
trast studies with worm-like filling defects, or via serologic 
testing. Worms can be spontaneously regurgitated or removed 
endoscopically. Surgical treatment is typically reserved for 
complications such as perforation or obstruction.

Tapeworm

A number of adult tapeworms parasitize the intestinal tract 
of humans. They are classified as hermaphroditic flatworm 
parasites, and consist of a head, neck, and segmented body. 
Infection is acquired through the ingestion of raw or inad-
equately cooked infected flesh of the intermediate host. The 
clinical symptoms of all tapeworm species are variable, and 
include abdominal discomfort, nausea, vomiting, cutaneous 
sensitivity, headache, and malaise. Yet, most humans who 
carry an adult tapeworm are asymptomatic. Diphylloboth-
rium latum is the fish tapeworm that results from the inges-
tion of raw fish. The worm produces megaloblastic anemia 
due to vitamin B12 deficiency and fatigue. Taenia solium is 
the pork tapeworm acquired by eating inadequately cooked 
pork. Cysticercosis occurs when humans ingest the egg of 
T. solium and may present with a variety of neurological 
symptoms. Taenia saginata is the organisms responsible for 
beef tapeworm, which is found throughout the world and can 
achieve many meters in length. Patients may intermittently 
pass proglottids either with their stool (T. solium) or spon-
taneously (T. saginata). Often these are noted in the toilet 
bowel or patients may feel the spontaneous movement of 
proglottids through the anus. Segments occasionally enter 
the appendix, common bile duct, or pancreatic duct and cause 
obstruction. Finding the ova in fecal samples makes the diag-
nosis of tapeworm infection. Treatment for all tapeworms is 
with either niclosamide or praziquantel. Until all eggs and 
scolex portions of the tapeworm are eliminated, infection 
can reoccur; therefore, stools should be re-evaluated at 1–3 
months following therapy.

Figure 34-7. Endoscopic photograph of T. trichiura (whipworm) at 
appendiceal orifice. (Courtesy of Jean M. Houghton MD, PhD and 
Arumugam Velayudham, MD).
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Fungal Enteritis/Colitis

Fungal colidites may occur, but are highly unusual in an 
immunologically normal patient. This is separate from 
Candida colonization in healthy adults, found in 30–50% 
of oropharyngeal cultures and in 40–65% of normal fecal 
flora.87 Clinical settings in which true fungal infection must 
be considered include human immunodeficiency virus (HIV) 
infections, immunocompromised states such as postsplenec-
tomy, transplant patients, chronic liver disease, chronic ste-
roid therapy, as well as in debilitated patients being treated 
with broad spectrum antibiotics. The major pathogens in this 
category include Candida species, Histoplasma capsulatum, 
and Cryptococcus neoformans. Outside the United States, 
other fungi may predominate such as is seen with Penicilium 
marneffei in Southeast Asia.

Candida

Certain conditions can promote the involvement of the lower 
GI tract by Candida species, including age (i.e., extremes 
of infancy and elderly), HIV infection, neoplasms, diabe-
tes, endocrinopathies, and localized lesions of the GI tract.88 
Despite the high physiologic concentration of Candida spe-
cies, infection does not occur under normal circumstances 
due to the innate defense mechanisms. Candida colitis is 
found predominantly in patients in the intensive care unit. 
Most commonly, the infection is systemic involving sep-
ticemia, the pulmonary tract, the urinary tract as well as 
the gastrointestinal tract. Colonic involvement may be dif-
fused with resulting diarrhea, fever, and abdominal pain. 
Endoscopic findings include small creamy-white, curd-like 
patches on the surface of edematous, and inflamed mucosa. 
Perforation may occur with resultant peritonitis or fistuliza-
tion –  portending a poor prognosis. Stool cultures coupled 
with endoscopic biopsies are diagnostic when typical spores, 
yeast, or pseudomycelia are demonstrated. Medical treat-
ment is first-line therapy in the absence of peritonitis. Mild 
 candidiasis may only require oral nystatin 500,000–1,000,000 
units four times daily. Yet, typically sicker patients need dif-
lucan or ketoconazole 200–400 mg daily. For extremely ill 
patients or those with multiresistant disease, amphotericin B 
(0.3–0.6 mg/kg) or caspofungin (50 mg daily) can be admin-
istered intravenously. Surgical intervention may be required 
in the face of free perforation or clinical findings of perito-
nitis. Despite aggressive surgical intervention, mortality is 
very high due to the severity of the associated conditions.

Histoplasmosis

H. capsulatum is found endemically throughout the Mid-
western United States. While principally being a pathogen of 
the reticuloendothelial system, like other fungal infections, 
it can cause systemic infection in the immunocompromised 

host. Pulmonary disease is most common, yet ileocolitis 
does occur as a granulomatous process causing bleeding, 
ulceration, stricture formation, and perforation.89 Endoscopic 
examination can be confusing as the lesions may appear to 
resemble adenocarcinoma or inflammatory bowel disease. 
Skip areas, pseudopolyps, ulcerations, and plaque-like 
lesions may be seen, although biopsies will reveal intracel-
lular budding yeasts within the mucosa when this organism 
is present.89 Serologic tests and fungal cultures may also 
confirm the diagnosis. While perforation is rare, emergent 
surgery with resection of the grossly affected tissue and prox-
imal diversion may be necessary. As these patients are often 
critically ill, intravenous amphotericin B may be indicated in 
severe cases, while ketoconazole has been used effectively in 
more mild disease and long-term to prevent relapse.

Cryptococcus

Cryptococcosis most commonly affects the central nervous 
system when C. neoformans is acquired via inhalation of soil 
contaminated with this encapsulated yeast. Isolated gastro-
intestinal infection is rare outside of immunocompromised 
patients. Colitis with perforation can occur spontaneously or 
following endoscopic biopsy, therefore, surgical intervention 
is generally reserved to manage life-threatening complica-
tions. A high index of suspicion must be maintained when 
patients present with symptoms of colitis and a concomitant 
history of immune suppressive therapy or infection with HIV. 
Early medical therapy provides the best means of avoiding 
surgery in these very ill patients. Diagnosis is confirmed 
by biopsy of infected mucosa demonstrating encapsulated 
budding yeasts or via stool culture. Similar to other fungal 
infections, ketoconazole is effective in mild disease forms, 
while amphotericin B is standard therapy in severely ill or 
immunocompromised patients.

AIDS Diarrhea

Diarrhea in the AIDS or HIV-positive patient can be the result 
of many causes, but is often a source of significant morbidity. 
Chronic diarrhea is defined as that persisting for more than 
4 weeks. This was a much more prevalent symptom prior to 
the use of highly active antiretroviral therapy (HAART). It 
should be noted that diarrheal disease in HIV-infected individ-
uals is frequently caused by infectious agents, but may also be 
due to medications or infiltrative diseases such as lymphoma, 
Kaposi’s sarcoma, or GI tract infection of the HIV itself.90 The 
specific infectious pathogen varies with the degree of immu-
nocompromise in the host; therefore, it is important to ascer-
tain the most recent CD4 cell count.91 HIV-infected patients 
are often prescribed antibiotics, therefore Clostridium difficile 
or small bowel overgrowth syndrome is also potential diag-
nostic considerations. Diarrhea may also be a result of small 
or large bowel involvement. Symptoms may provide insight 
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into location, with large volume, watery stools and associated 
bloating, cramping, and weight loss seen most typically with 
small bowel involvement. On the other hand, hematochezia, 
tenesmus, and lower abdominal cramps are more likely seen 
with colon involvement. Diagnostic work-up is broad-based, 
with the goal of finding a treatable source of infection. Stool 
studies including ova and parasites, C. difficile toxin assay, 
and bacterial culture, and with blood cultures, and endoscopy 
may all be required. In addition, upper endoscopy with small 
bowel biopsy is helpful in diagnosing opportunistic organisms 
such as Cryptosporidium, Microsporidium, Histoplasmosis, 
Mycobacterium avium complex, or lymphoma. Colonoscopy 
with biopsy can reveal CMV or Kaposi sarcoma. Malabsorp-
tion of nutrients can lead to even further significant malnu-
trition, which remains a strong predictor of morbidity and 
mortality in the setting of HIV. Treatment should be tailored 
to the specific organism, while empiric treatment with a qui-
nolone and metronidazole after a negative diagnostic workup 
remains controversial. This antibiotic regimen is able to cover 
the most common causes of AIDS diarrhea including small 
bowel overgrowth, culture-negative Campylobacter, or Giar-
dia; yet, may lead to development of resistant organisms. Sur-
gery is reserved for acute abdominal emergencies and in of 
itself carries a substantial mortality.92

Clostridium difficile

C. difficile (CD) is a gram-positive rod bacterium that resides 
naturally within the human colon. Following antibiotic treat-
ment, alterations of the normal colonic flora occur that allow 
preexisting colonization of CD to overgrow, become patho-
logic, and result in C. difficile or pseudomembranous colitis.93 
Symptoms of the disease may vary on a spectrum ranging 
from abdominal pain, distention and diarrhea, to outright 
sepsis with toxic megacolon requiring colectomy. In extreme 
cases, the process is nonreversible, resulting in hemodynamic 
instability and death. Although the bacteria are present in stool 
cultures of approximately 3% of normal healthy adults and up 
to 16–35% of hospitalized patients, increasing rates are now 
reported following exposure to antibiotics in asymptomatic 
carriers as well as those with severe underlying disease.94,95 
Overall, reported cases of CD colitis in the USA rose 200% 
between 2000 and 2005.96 Similar alarming trends in CD coli-
tis occurrence following pre-operative prophylactic antibiot-
ics was illustrated in a large cohort study from a tertiary care 
hospital in Quebec showing an increase from 0.7 cases per 
1,000 from 1999 to 2002 to 14.9 cases per 1,000 from 2003 
to 2005.97 This recent rise in the rate of CD colitis in hospi-
talized patients is even more concerning in light of reports 
of the increased virulence of particular strains, and has led 
to a greater concern about this disease worldwide. One such 
strain, known as B1/NAP/027, has shown capacity for hyper-
sporulation, increased resistance to fluoroquinolones, a 16- to 
23-fold increase in toxin production, and a severe disease 
pattern leading more frequently to fulminant CD colitis.98–100

Certain conditions are required to allow proliferation of 
bacteria such as C. difficile. In the most frequent mechanism, 
normal intraluminal homeostasis of gastrointestinal flora is 
altered via antibiotic-mediated destruction. While any single 
antibiotic can cause the change in this bacterial milieu lead-
ing to the pathologic state, certain drugs such as penicillin, 
clindamycin, fluoroquinolones, and third-generation cepha-
losporins are traditionally more commonly associated with 
development of CD colitis.101 However, all antibiotics have 
been associated with C. difficile infection and recurrence, 
even those most often used for treatment of the infection.102–104 
In addition, pre-operative bowel preparations may alter this 
normal balance of colonic flora, leading to conditions ame-
nable for secondary CD infection. Other risk factors reported 
to be associated with the development of C. difficile infection 
include concomitant multiple antibiotic use, advanced age, 
high gastrointestinal output, and prior GI surgery.105

Despite the underlying cause, this transformation in the 
typical bacterial environment allows the normally inhib-
ited bacteria to flourish. The pathogenesis of CD infection 
relates to two major toxins that are released by the bacteria. 
The first, toxin A, acts as a chemoattractant for neutrophils 
and causes inflammation and fluid secretion of the colonic 
mucosa. Toxin A also causes the release of PGE2, which 
activates the Fas–Fas ligand system causing enterocyte and 
colonocyte apoptosis.106 Additionally, both toxins A and B 
activate inflammatory cytokine release from monocytes, fur-
ther inciting this inflammatory cascade.107 Continued toxin 
production leads to connective tissue degradation causing 
colitis, watery diarrhea, and a pseudomembrane formation 
that can clinically result in a wide spectrum of enteric dis-
ease ranging from asymptomatic bacterial growth or bowel 
thickening and dilation, to sepsis and death.

Clinically, C. difficile colitis results in copious gastrointes-
tinal output reflective of the natural history of the underlying 
disease process, and is present in 90–95% of cases. In fact, 
C. difficile is presently the leading cause of hospital-acquired 
diarrhea. This profuse diarrhea is often accompanied by low-
grade fevers, abdominal pain, and often-significant leukocy-
tosis. Varying degrees of abdominal tenderness may also be 
present, though in many patients the abdominal examination 
is unremarkable. A small percentage of patients go on to 
develop fulminant colitis with high fever, severe abdominal 
pain, and have diffuse peritonitis on abdominal examination. 
While hypotension, oliguria, sepsis, and toxic megacolon 
may be seen in this critically ill stage, the diarrhea may be 
paradoxically absent when the disease reaches its peak.108

While many clinicians prefer to initiate treatment empiri-
cally, the clinical diagnosis is often confirmed in the labora-
tory by sending stool for C. difficile cytotoxin and antigen 
assays. Several combinations currently in practice are based 
upon both the antigen and toxin assays, with antigenic posi-
tivity representing a marker for presence of the bacterium, 
while presence of the toxin is thought to signify clinically 
relevant intestinal disease. Similarly, stool cultures of the 
bacterium do not distinguish between carriers and those with 
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acute infection. Diagnosis may also be made clinically by 
endoscopic examination and/or biopsy with the character-
istic presence of pseudomembranes, inflammatory mucosal 
changes, and erythema (Figure 34-8).109 Yet, the mucosal 
findings vary with the severity of the disease. In those with 
mild or moderate disease, endoscopy most often reveals 
normal mucosa or nonspecific inflammatory changes. On 
the other hand, severe disease often demonstrates the clas-
sic pseudomembranes appearing as round, punctate yellow 
or whitish lesions (Figure 34-9). Although the finding of 
pseudomembranes suggests the diagnosis of pseudomem-
branous colitis, biopsy of these lesions is recommended to 
definitively establish the diagnosis.110

Proper timing of therapy has been examined extensively 
in recent publications, due to failure of traditional medical 
management as a result of more virulent disease. Thus early 
identification and initiation of therapy along with recognition 
of a worsening course are paramount. Furthermore, small 
studies have demonstrated a cost savings approach through 
the implementation of empiric treatment alone when given a 
classical history.111–113 However, a full evaluation for confir-
matory diagnosis when encountering this clinical constella-
tion is still recommended, especially those with recalcitrant 
symptoms. Attempts to verify the diagnosis of C. difficile 
colitis through laboratory evaluation may be performed 
while therapy is being instituted.

Once diagnosed, the most important initial intervention 
is to stop the inciting antibiotic or switch to alternative 
antibiotics with similar spectrum of antimicrobial prop-
erties. In cases of Clostridial infection of the colon, this 
will cause remission of the disease in 20–25% of patients 
without additional treatment. Vigorous fluid resuscitation 
and electrolyte replacement are often necessary in patients 
with high-volume watery diarrhea, as this may precipitate 
systemic cardiovascular, renal, and metabolic morbidity. 
Additionally, patients should be placed on contact precau-
tions to prevent spread to other patients. The most effec-
tive and commonly used antibiotics against C. difficile are 
metronidazole and vancomycin, with cure rates of 76 and 
97%, and recurrence in 14 and 15%, respectively.114 The 
initial antibiotic chosen is often metronidazole, in part due 
its cost-effectiveness and that of contact isolation, but also 
as an attempt to prevent vancomycin-resistant Enterococci 
with extended use of the latter. This is despite higher cure 
rates with vancomycin. Additionally, metronidazole may 
be used intravenously in patients who are unable to have 
oral intake, as it is excreted through the hepatobiliary sys-
tem. In patients with C. difficile infection of the distal colon 
and rectum, ileostomies, or even those with prior restor-
ative proctocolectomies, metronidazole and vancomycin 
enemas may also be effective for treatment as primary ther-
apy or as an adjunct – especially in cases that are refrac-
tory to or cannot take oral metronidazole.115 Other agents 
that may be useful are teicoplanin and fusidic acid with 
clinical cure rates of 96 and 93%, respectively.116,117 Baci-
tracin, when rarely used, has been shown to be as effective 
treatment as vancomycin when 20,000–25,000 units are 
used four times daily for 7 days.118 Anion exchange resins 
have also been used successfully to treat C. difficile infec-
tion. Cholestyramine and colestipol act via binding to the 
C. difficile toxin in the lumen, thereby limiting the dam-
age caused by the toxins. It is important to note that these 
agents have not proved to be as reliable as antimicrobials, 
and are therefore not recommended for use as sole treat-
ment except in cases of mild infection. Furthermore, there 
are reports that these resins may bind to antimicrobials in 
the intestinal lumen when given concomitantly with the 
antibiotics, and additional consideration should be given to 
proper timing of medications.119

Figure 34-8. Low power view of pseudomembranous colitis. A 
thick pseudomembrane adheres to the colonic mucosa. (Courtesy of 
Jeanette R. Burgess, MD).

Figure 34-9. Classic pseudomembranous appearance of C.  difficile 
on endoscopy.
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The medical treatment of C. difficile is recommended for a 
minimum of 10 days.112 In most patients, significant improve-
ment will often be witnessed within 2–5 days of initiation of 
therapy. Repeat stool assays are unnecessary if there is clini-
cal response, as the assay may be positive for weeks in up 
to 50% of patients.120 When possible, patients with a history 
of C. difficile should attempt to avoid the previously associ-
ated antibiotic as the use may precipitate recurrent disease. 
Furthermore, all patients with a history of C. difficile infec-
tion should have an annotation in their chart of the associated 
antibiotic to help avoid the peri-operative use and potential 
recurrence.

Indications for surgical management of CD colitis have 
been well documented, including severe disease refractory 
to medical management and the development of life-threat-
ening complications such as perforation or toxic megacolon. 
Clinical signs that should trigger progression toward opera-
tive intervention include peritonitis and persistent hemody-
namic instability.121 Some authors advocate early colectomy 
for those who fail initial treatment with antibiotics. While 
mortality rates remain high among patients who undergo sur-
gical treatment for complications of CD colitis, data suggests 
total abdominal colectomy with end ileostomy before onset 
of multisystem organ failure resulting from CD  colitis is 
associated with improved morbidity and mortality.122 Rarely, 
colectomy with primary ileorectal anastomosis with proxi-
mal diversion may be considered; however, bowel wall thick-
ening, tenuous anastomosis, and hemodynamic instability 
often preclude this technique and are generally discouraged. 
Despite improvements in early recognition, implementation 
of therapy, and postoperative care, mortality rates following 
emergent colectomy for fulminant colitis has been reported 
to be 35–57%.123,124

Recurrence of C. difficile infection is not uncommon, 
occurring in 13–28% of patients, and is associated with 
multiple patient and therapeutic factors.125 Reported factors 
include an inadequate immune response to the C. difficile 
toxin and a persistent disruption in the normal colonic flora. 
Other variables include advanced age, continuation of other 
antibiotics, and prolonged inpatient length of hospital stay.126 
When recurrence takes place, most authors suggest a second 
and longer course of antimicrobials for patients who have a 
symptomatic relapse. Current recommendations involve the 
first recurrence to be treated with the same agent as used 
for the initial occurrence; though with severe clinical disease 
vancomycin has been associated with better outcomes. Some 
authors recommend an additional course of cholestyramine 
or colestipol after the antimicrobials. There is also additional 
data suggesting probiotics may lessen the rate of subsequent 
recurrence, although the bulk of the current literature does 
not currently support their use.127 Recurrent infection is often 
as responsive to antimicrobial treatment as are primary infec-
tions. Unfortunately, up to one-third of patients who relapse 
once will have further subsequent recurrences. Therefore, 
any patient with an unexplained abdominal illness who in 

the recent past has either been in the hospital or has received 
antibiotics should be suspected to have a C. difficile infec-
tion, even in the absence of diarrhea.128

A large body of literature also exists documenting poor out-
comes associated with CD infections in hospitalized patients, 
even in the absence of surgery. Unfortunately, as depicted, 
surgery for fulminant colitis also portends a poor prognosis, 
thus leaving the clinician with a difficult conundrum. This 
is likely to only get worse, as population-based series have 
reported rising prevalence, mortality, and need for colectomy 
following development of CD colitis.129 Even more concern-
ing, the evolution of CD resistance to first-line therapy such as 
metronidazole, and higher recurrence rates suggest develop-
ment of this disease may carry even greater morbid outcomes 
than previously reported. Finally, although many patient-
related and peri-operative factors may play a role in eventual 
outcome, postoperative mortality following the development 
of severe CD colitis is highest when respiratory failure, renal 
failure, or vasopressor requirements occur.111–113,130

Ischemic Colitis

Gangrenous alterations to the colon have been recognized 
for over 100 years, yet it was not until the 1950s that the 
full spectrum of colonic changes from lack of blood flow 
was reported. These phenomena were initially described fol-
lowing high ligation of the inferior mesenteric artery during 
abdominal aortic aneurysm repair as well as with colectomy 
for carcinoma.131,132 After performing a series of clinical and 
experimental animal studies, Boley first reported in 1963 
that colonic ischemia was a reversible process secondary to 
vascular occlusion.133 The actual term “ischemic colitis” was 
coined by Marston and colleagues after depicting its three 
stages of evolution (transient ischemia, late ischemic stricture, 
and gangrene) along with the natural history of the disease 
in 1966.134 The original reports of ischemic colitis detailed 
the high mortality rate associated with this condition; which 
unfortunately, have not shown much improvement through 
the years. Currently, ischemic colitis is the most common 
form of gastrointestinal ischemia, accounting for 50–60% of 
all cases, approximately 1 in 2,000 hospital admissions, and 
as such, necessitates physician familiarity.135

The causes of ischemic colitis are numerous, though 
the exact etiology of the initial insult is rarely elucidated – 
 particularly as this disease is most often witnessed in elderly, 
debilitated patients with multiple contributing co-morbidi-
ties. The differential diagnosis remains vast, with inflamma-
tory and infectious colitis manifesting similarly, and making 
the true incidence of ischemic colitis unknown. Regardless 
of its etiology, patient outcome rests on the severity, extent, 
and rapidity of the ischemic insult, and is strongly influenced 
by prompt diagnosis and appropriate clinical management. 
Although the colon and rectum derive their blood supply 
from branches of three major vessels [superior mesenteric 
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artery (SMA), the inferior mesenteric artery (IMA), and the 
paired internal iliac arteries], it is the extensive collateral cir-
culation that allows this ischemic process to be avoided in 
many cases. The two main collateral routes are via the mar-
ginal artery of Drummond that parallels the colon and gives 
rise to the vasa recta, and the meandering mesenteric artery 
(or Arc of Riolan) which, while not always present, can rep-
resent another potential connection between the SMA and 
IMA systems. In addition, the IMA and internal iliac arter-
ies communicate via the superior and middle hemorrhoidal 
arteries and the left colic branch off the IMA contributes 
to overlap the transverse colon that is supplied mostly by 
branches of the SMA.

In its most basic terms, ischemic colitis occurs when blood 
flow is interrupted or diminished, and supply does not equal 
colonic demand. Ischemic colitis may also be divided into two 
groups based on etiology: occlusive or non-occlusive. Occlu-
sive ischemia can result from either arterial inflow or venous 
outflow obstruction, although the latter is very rare.136 Most 
commonly, ischemia is not associated with occlusion of any 
of the major abdominal vessels, as the aforementioned col-
lateral circulation of the colon is able to compensate. Nonoc-
clusive ischemia occurs following a precipitating event such 
as hypotension, medication-induced vasoconstriction, shock, 
cardiac failure, hemorrhage, or sepsis that results in a low-
flow state. Patients with nonocclusive ischemia may have 
preexisting vascular abnormalities that contribute to a wors-
ening phenotypical manifestation.137 Yet, with any source of 
inadequate flow, the earliest manifestation is witnessed at the 
mucosal level, furthest away from the vasa recta, and creates 
a secondary disruption of the mucosal barrier that can poten-
tially lead to bacterial translocation and sepsis.141,142 When 
occurring in the context of major vascular repair, the patho-
genesis may be unique in that an isolated interruption of infe-
rior mesenteric artery blood flow may be the sole underlying 
cause in many cases.138 Other factors that have been shown 
to have a higher association with the development of colonic 
ischemia are increased intraoperative blood loss, hypoten-
sion, and prior pelvic radiation.139,140 As radiation damage is 
both cumulative over time and progressive, this may be a 
precipitating factor not only in early disease, but also with 
chronic changes such as colonic stricture.

Although any area of the colon may be affected by 
inadequate flow, the watershed areas of the rectosigmoid 
(Sudeck’s point) and splenic flexure (Griffith’s point) are 
commonly involved due to frequent incomplete anastomo-
ses of the marginal artery in those locations. The next most 
common area afflicted is the cecum, secondary to low blood 
flow in the terminal branches of the ileocolic artery com-
bined with varying competency of the right colic artery.141–143 
Longo and colleagues144 found a much higher rate of right 
colonic involvement than most other studies, with 46% of 
their 47 patients having this portion affected.

The diagnosis of ischemic colitis remains somewhat of 
a challenge, especially in its mild form, as the majority of 

symptoms are often self-limited and nonspecific. As such, the 
diagnosis is aided by the combination of early and repeated 
clinical evaluations, radiological studies, and colonoscopic 
visualization. Complete history and physical examination, 
focusing on the abdomen and evaluation for peritoneal signs 
is of utmost importance. Most commonly, patients present 
with abdominal pain, fever, distension, and diarrhea.142 Sud-
den onset of crampy abdominal pain is present in two-thirds 
of all patients.137 While generally poorly localized, ischemia 
arising in the left colon and rectum tends to be referred to the 
left lower quadrant and flank areas, while ischemia arising in 
the transverse and right colon refers symptoms to the central 
abdomen.136 This pain is soon followed by an urge to defecate 
and subsequent passage of either bright red blood or maroon 
blood mixed with stool, typically within 24 h of onset. Occa-
sionally the patient may also have nonbloody stools, depend-
ing on the location, degree, and extent of the colon affected. 
Abdominal examination may show widely variable findings 
ranging from mild localized tenderness to diffuse peritonitis. 
Rectal examination may be completely normal or demon-
strate blood ranging from bright red to melena.

Laboratory examination is often noteworthy for a leu-
kocytosis and metabolic acidosis. Occasionally, electrolyte 
and renal abnormalities may be present secondary to lack of 
oral intake combined with volume loss from diarrhea. Serum 
lactate levels may be elevated, though generalized systemic 
hypoperfusion or tissue hypoxia may also cause this, and is 
therefore not a specific marker. Unfortunately, no biochemi-
cal marker exists to date that is reliable in identifying colonic 
ischemia. Reports of measuring serum levels of d-lactate (a 
stereoisomer of lactate) have shown some promise. In healthy 
individuals, the serum levels are negligible,145 whereas with 
colonic ischemic injury, mucosal permeability will increase, 
allowing d-lactate to enter the portal and systemic circula-
tion. Elevated d-lactate was found to have a sensitivity of 
82–90% and a specificity of 77–87% in predicting early 
colonic ischemia in small series.145–147 What remains clear is 
that identifying patients at the onset of their clinical course 
entails a high index of suspicion.

Colonoscopy remains the most sensitive and specific study 
available for diagnosis of ischemic colitis. Ischemia has a 
wide extent of changes and characteristics when viewed 
endoscopically (Table 34-1). In early ischemia, the mucosa 
appears pale and edematous with interspersed areas of hyper-
emia.148 As the ischemic process progresses, evidence of sub-
mucosal edema and hemorrhage can be seen as bluish-black 

Table 34-1. Endoscopic findings of ischemic colitis

Stage Endoscopic findings

Acute Hyperemia, edema, friable mucosa, superficial ulcerations, 
petechial hemorrhage, gangrenea

Subacute Edema, exudate, ulceration
Chronic Stricture, mass, segmental involvement

aIrreversible damage characterized by gray, green, or black appearance.
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blebs or nodules protruding into the lumen of the bowel.136 
These lesions create the characteristic thumbprinting sign on 
radiographic studies, which often disappear within days as 
the submucosal hemorrhages are either resorbed or evacu-
ated into the colon when the overlying mucosa ulcerates and 
sloughs.135 Occasionally, extensive areas of gray-green or 
black mucosa and submucosa are identified that can signify 
transmural infarction.142 Endoscopy also allows the examiner 
to sample the colonic mucosa for pathologic assessment to 
help differentiate inflammatory, infectious, and ischemic 
 etiologies. However, biopsy is hardly ever useful and is more 
likely to demonstrate either nonspecific ischemic or inflam-
matory changes, and rarely shows the ghost cells that are 
classic for ischemia.142 The decision to pursue colonoscopy 
should be undertaken with caution, as air insufflation may 
result in distention of the bowel to pressures greater than 
30 mmHg, diminishing colonic blood flow and may actu-
ally worsen the colonic ischemia.144 In addition, the ischemic 
wall of the colon is fragile and at risk of perforating with 
the application of even minimal force, so any examination 
should proceed with great vigilance. The classic pattern of 
rectal and distal sigmoid sparing along with varying degrees 
of mucosally based changes more proximal is quite helpful 
in this select patient population.149 In this light, endoscopy is 
used more to corroborate the clinical examination.

Other radiological tests may provide additional insight as 
to the diagnosis or the degree of insult to the bowel. Plain 
radiographs have limited use in the diagnosis of colonic 
ischemia. In approximately 20% of patients, specific signs 
of colonic ischemia may be present, including thumbprinting 
and rarely pneumatosis coli, a sign of advanced disease.150 
However, the majority of plain films are nonspecific, show-
ing only dilation and/or air-fluid levels. The main utility in 
obtaining plain radiographs is to rule out visceral perforation 
and the presence of pneumoperitoneum. On the other hand, 
computed tomographic (CT) imaging has been used much 
more frequently to diagnose ischemic colitis, with associ-
ated changes in the bowel wall more often offering clues 
to the diagnosis (Figure 34-10).151 By providing the ability 
to evaluate the bowel as well as the surrounding tissue, a 
diagnosis is aided by findings such as wall thickening, mes-
enteric fat stranding, mucosal enhancement, intramural air, 
dilatation, or even more ominous signs such as portal venous 
gas. It can also be a very useful test in ruling out other diag-
noses.152 In general, angiography does not help in patients 
with acute ischemic changes, although it may be occasion-
ally useful in the patient who has previously undergone 
reimplantation of the inferior mesenteric artery to evaluate 
for patency or collateral circulation. Findings on air contrast 
or barium/air contrast enemas can be predictive of ischemic 
colitis, but often they do not exclude other forms of colitis 
such as inflammatory bowel disease or pseudomembranous 
colitis.136 In the acute setting their use is extremely limited, 
and normally should be avoided. The risk of worsening the 
ischemic process with over-distention of the colon leading 

to perforation clearly outweighs the potential benefitis.137 
Finally, color Doppler and duplex ultrasound have been used 
to determine whether an arterial signal or color Doppler flow 
can be detected. When absent, ischemia should be a strong 
consideration and inflammatory sources virtually excluded. 
However, only 50% of patients with ischemia demonstrated 
this finding, and in general the sensitivity does not allow it 
to be a reliable primary diagnostic tool as patients may have 
preexisting thrombus independent of the acute event.153

The mainstay of therapy for ischemic colitis remains sup-
portive therapy with adequate fluid hydration and blood pres-
sure support. As most patients present with only mucosal 
ischemia, their clinical course is often relatively benign. 
Intravenous fluids should be started and the patient placed at 
bowel rest. Cardiac function and oxygen delivery should be 
optimized and, if possible, any medications that are known 
to cause mesenteric vasoconstriction should be discontin-
ued. If an ileus is present or the colon is markedly dilated, 
a nasogastric and/or rectal tube should be placed, although 
rectal tubes are generally discouraged in this setting and only 
be used with great caution.154 Vasopressor support is contro-
versial as it is also a contributing factor. Although low flow 
states and sepsis may require improvement in blood pres-
sure, due to the vasoconstriction of the splanchnic vessels, 
vasopressors may amplify the ischemic process, worsening 
the already low-flow situation. Should pressor support be 
necessary, beta-adrenergic agonists that also improve cardiac 
output are preferred, while making every attempt to avoid 
alpha-agonists when possible. Additionally, broad spectrum 
antibiotics have been shown to decrease bacterial transloca-
tion and morbidity, and should be empirically added.155–157

With rare exceptions, all patients with evidence of bowel 
infarction or perforation require surgical therapy and explora-
tion should rapidly follow. Surgical options generally fall into 

Figure 34-10. CT image of splenic flexure ischemic colitis demon-
strating bowel wall thickening and peri-colonic fat stranding.
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two categories: bowel resection and vascular  reconstruction. 
Typically when patients require operative intervention, the 
surgeon must first determine bowel viability. Caution how-
ever must ensue, as often times the serosal appearance of 
the bowel does not accurately reflect the degree of ischemic 
changes to the entire bowel wall in cases with less than full 
thickness injury and frank necrosis. Intraoperatively, several 
different methods have been described to provide surgeons 
with additional useful information regarding blood flow. 
The surgeon must balance the need to avoid leaving behind 
necrotic bowel with the potential morbidity of overzealous 
resection leading to short bowel syndrome, although the intra-
operative judgment of the well-trained surgeon remains one 
of the most important factors. Palpation of mesenteric pulses, 
detecting Doppler signals on the antimesenteric portion of the 
bowel wall, and Wood’s lamp evaluation of the bowel wall 
following administration of fluorescein dye intravenously 
are all described techniques to help separate perfused from 
nonperfused bowel. Yet, in most cases, surgical resection 
involves a total abdominal colectomy with end ileostomy. 
Although primary anastomosis after a subtotal or partial 
colectomy with a proximal diversion may be considered in 
isolated hemodynamically stable patients with healthy bowel 
margins, this is almost uniformly a poor choice. Regardless 
of the approach, patients treated operatively in the acute set-
ting have mortality rates as high as 40%, particularly when 
they carry other diagnoses such as atherosclerosis or chronic 
renal failure.158 Surgeons have classically mandated a second 
look operation in 12–48 h regardless of the patient’s clinical 
condition to evaluate the need for further resection and aid in 
being less aggressive at resecting potentially viable bowel at 
the initial surgery.159 Yet, all clearly nonviable bowel needs 
to be resected at the initial operation, as mortality rates of 
50–89% have been reported for patients requiring surgical 
resection of infarcted bowel at the second operation.141

Vascular repair involves first determining the patency of 
the vessel supplying the at risk portion of the colon. In addi-
tion, determining whether there is antegrade flow to the iliac 
vessels that may provide potential pelvic collaterals is cru-
cial. Although the technical aspects of vascular reconstruc-
tion are beyond the scope of this chapter, options for dealing 
with the inferior mesenteric artery or other major visceral 
vessel include resection of the base of the vessel along with 
a small cuff of aortic wall (Carrell patch) and reimplanting it 
in the aorta or graft, patch angioplasty of the stenotic open-
ing, bypass grafting, or endarterectomy of the atherosclerotic 
plaque.160–162

In most cases of ischemic colitis, the signs and  symptoms 
of disease disappear within 24–48 h. More severe initial 
ischemic insults may result in necrosis of the overlying 
mucosa resulting in a future stenosis or stricture of the colon. 
A  follow-up colonoscopy is advisable to either confirm com-
plete resolution or to document the development of a stricture 
and/or persistent colitis. Another 20–30% of patients will 
go on to develop chronic colitis from irreversible  ischemic 

injury, manifested by persistent diarrhea, rectal bleeding, 
and/or weight loss.163 If suspected, this too will likely require 
surgical intervention. Recurrent episodes of attacks in other-
wise asymptomatic patients are felt to be a result of unhealed 
areas of segmental colitis and should also be considered for 
elective resection. Other patients may develop chronic vis-
ceral ischemia. This is manifested by abdominal pain, espe-
cially with eating as a result of supply not equaling demand, 
and leads to relative bowel ischemia. Ultimately this may 
result in food fear and weight loss. Complete visceral artery 
revascularization of celiac, superior mesenteric, and inferior 
mesenteric arteries is often required to alleviate symptoms.160 
For this to be a success, requires a well-developed pattern 
of collateral circulation for the IMA system and should be 
evaluated prior to considering this option.

Finally, ischemic proctosigmoiditis is a rare condition 
affecting approximately 3% of patients with colorectal isch-
emia.164 Excellent collateral blood supply almost always 
precludes this as an isolated entity, and it usually occurs in 
conjunction with more proximal colonic involvement. It is 
important to differentiate isolated ischemic proctosigmoidi-
tis from inflammatory bowel disease, as the use of steroids 
may adversely affect those patients with ischemic procto-
sigmoiditis. Theories to its etiology include hemodynamic 
disturbance superimposed on atherosclerotic narrowing of 
the aorto-iliac vessels.164 Most cases can be managed con-
servatively, as with ischemic colitis, and only rarely is proc-
tectomy required.

Radiation Colitis

Radiation therapy is a frequent and successful modality used 
in the primary and adjuvant treatment of many malignan-
cies including gynecological, anal, rectal, and prostate can-
cer. Despite this, radiation therapy is not without its hazards, 
due in part to a known dose-dependent relationship with cell 
death. Toxicity is focused on surrounding organs – espe-
cially the distal colon and rectum.165,166 Other gastrointestinal 
sites may also be affected, particularly the terminal ileum 
in patients with prior adhesions that fixate the bowel in the 
pelvis.

Radiation therapy causes changes via two major mech-
anisms: (1) direct damage to DNA and (2) production of 
oxygen-free radicals.167 Although the maximal radiation 
dose tolerance levels for the colon and rectum average 
6,000–8,000 cGY, varying doses given over shorter inter-
vals are associated with complication rates of 25–50%.168 In 
the acute phase, changes within the bowel occur during the 
course of radiotherapy, though may become apparent over 
the course of several weeks and up to 6 months. In this set-
ting, rapidly dividing crypt cells are most sensitive to radia-
tion damage, and patients will experience atrophy of the 
villi, degeneration of the mucosal lining, diarrhea, mucous 
discharge, tenesmus, bleeding, and even incontinence.169 
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Chronic radiation injury appears most often at 6–12 months 
following radiation, and is secondary to a progressive fibro-
sis of the microvasculature (i.e., obliterative arteritis). This 
endothelial thickening in the small blood vessels eventually 
leads to thrombosis or reduced flow leading to ischemia. 
Clinically, this may manifest in a wide spectrum of findings 
including nonhealing ulcerations and telangiectasias of the 
bowel wall (Figure 34-11), fistulas and sepsis, as well as 
more common findings of thickening, stricture, and obstruc-
tion.168,170–172 Additionally, there are reported higher rates of 
secondary colorectal cancer.

The method of delivery also impacts the types of symp-
toms. With external beam radiation therapy (EBRT), 
common complaints include pain, bleeding, tenesmus, 
incontinence, and an increase in stool frequency.165 These 
may be further divided by the Radiation Therapy Oncol-
ogy Group (RTOG) classification system (Table 34-2).165 
While the majority of symptoms are self-limiting, overall 

rates remain high, ranging from 41 to 57% for acute grade 
2 symptoms, and 1–5% for acute grade 3 symptoms. Late 
grade 2 symptoms have also shown wide variability from 
95 to 33%, while late grade 3 symptoms are reported in 
0–6%.173,174 Radiation may also be given via brachytherapy 
(BT) for certain malignancies such as prostate cancer, in 
which radioactive seeds are directly implanted. Radiation 
toxicity differs slightly with BT, as the majority of colorec-
tal side effects are from local effects on the anterior rectal 
wall, as opposed to the field effects of EBRT.175 As such, 
more concentrated effects have resulted in rates of 4–24% 
for rectal bleeding following this modality.176,177 An addi-
tional potential complication of BT is the development of 
a rectal–urethral fistula, with reported incidences of 0.2–
1%.175,178 Patients classically present with recurrent urinary 
tract infections, pneumaturia, or fecaluria – symptoms 
which should prompt physicians to embark on a thorough 
work-up to exclude its presence in those patients with prior 
radiation therapy. Finally, anal stenosis with bleeding and 
obstructive symptoms has been described.179

Although the vast majority of patients may be adequately 
treated with oral or topical medicines alone, some will 
require endoscopic or surgical therapy for complications. 
In patients with hemorrhagic proctitis, multiple different 
techniques have been described to include electrocautery, 
mesalamine, steroid, and carafate enemas.180 Sucralfate has 
been associated with improved clinical response rate over 
anti- inflammatory agents, and may show further improved 
rates when used concomitantly with metronidazole.181 
 Second-line therapy includes the use of Nd YAG and Argon 
lasers through an endoscope, as well as instillation of topical 
4% formalin, which has demonstrated successful cessation 
of bleeding in up to 70–90%.182,183 Finally, resistant bleeding 
or ulcerations may require hyperbaric oxygen therapy, which 
has demonstrated good clinical results in small case series 
of refractory disease.184 The protocol commonly employed 
treats the whole body for 60 min at two atmospheres of 100% 
O

2
 for 30 days. Prostaglandin E

1
 can be co-administered for 

its vasodilatory properties.Figure 34-11. Endoscopic view of radiation colitis.

Table 34-2. Acute and late complications according to the RTOG and RTOG/EORTC morbidity scales for radiation toxicity

Grade 2 Grade 3 Grade 4

Acute GI toxicity Diarrhea requiring medications, rectal  
pain requiring analgesics, rectal  
bleeding requiring topical  
medications

Diarrhea requiring parenteral support, 
severe mucous, or bloody discharge 
requiring pads, abdominal distension, 
bleeding requiring multiple cauteries, 
or surgery

Obstruction, fistula, or perforation. 
Abdominal pain or tenesmus requiring 
decompression or diversion

Late GI toxicity  
(>12 weeks)

Moderate diarrhea, intermittent, severe 
cramping; bowel movements >5  
per day. Frequent bleeding, requiring 
single cautery treatment and/or  
transfusion

Watery diarrhea, obstruction requiring 
surgery; bleeding requiring surgery  
or ³2 cauteries and/or transfusions

Necrosis, perforation, abdominal pain  
or tenesmus requiring decompression 
or diversion

RTOG Radiation Therapy Oncology Group, EORTC European Organization for the Research and Treatment of Cancer, GI gastrointestinal.
Modifications in italics.
Adapted from Peeters ST, et al. Int J Rad Biol Phys. 2005;61(4):1019–34.
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Patients with significant diarrhea may undergo a trial of 
antimotility agents such as loperamide or octreotide, as well 
as be encouraged to take in a low residual diet.185 Focus is 
also on prevention of injury, with some evidence suggest-
ing both 5-aminosalicylates and probiotics may be effec-
tive; though reduction of radiation dose and size of the field 
remains the most important factor in this effort.186 In addi-
tion, cessation of radiation, even if temporarily, will often 
allow most patients to resolve the acute changes. For those 
with extensive bowel disease in which oral intake is severely 
limited, nutrition therapy via total parental nutrition may be 
required for support or in preparation for surgery.

In general, operative indications for radiation-induced 
toxicities fall into one of a few categories: refractory disease 
(i.e., bleeding, nonhealing ulcer), septic complications (i.e., 
fistula, perineal sepsis), bowel obstruction or stricture, and 
secondary malignancies. A study of 5,719 patients undergo-
ing EBRT or BT found a 0.2% incidence of surgical therapy 
for late recto-urethral fistulae and intractable bleeding.178 
Other series have reported a much higher rate of surgical 
therapy at 1–6%, with the vast majority of these secondary 
to small bowel obstruction from small bowel radiation.187 
Fistulizing complications are best managed conservatively, 
when possible. When not possible, the type of surgery will 
depend on fistula origin (i.e., proximal vs. distal) as well as 
the secondarily involved organ. Rectovaginal fistulas have 
been reported in up to 18% at 3 years following radiation 
therapy for advanced gynecological malignancy and often 
require diversion or nonirradiated tissue flaps (i.e., gracillus 
or Martius).187

Embarking on surgical therapy should not be taken lightly, 
as simply entering the abdomen following radiation may be 
wrought with hazard. Surgeons must balance limited adhesi-
olysis in the face of matted bowel loops with that of adequate 
exposure of the offending source. Though not ideal, proximal 
diversion for more distal lesions plays a prominent role. In 
the case of radiation-induced intestinal stenosis or obstruc-
tion, the same surgical considerations apply. Where feasi-
ble, resection and anastomosis to normal appearing bowel 
is preferred. Meticulous technique must be emphasized as 
operative management of small bowel radiation injury has 
mortality rates of 5–38%, with approximately one-third of 
patients developing postoperative complications such as 
recurrent obstruction, fistula, and anastomotic leak.188–190 
Other radiation-induced complications have a much lower 
rate of surgical therapy requirement. In general, only rarely 
will RTOG acute grade 3 or higher toxicity result in recal-
citrant bleeding that requires operative evaluation for con-
trol. Though limited data, good results have been reported 
in small series for pull-through operations for severe procti-
tis.191 Nonhealing ulcers may require resection, diversion, or 
biopsy for diagnosis. Finally, secondary malignancies need 
to have appropriate evaluation and staging with standard 
oncological resection performed in the absence of widely 
metastatic disease.

Microscopic Colitis: Collagenous  
and Lymphocytic Colitis

Distinct from other forms of more overt colitis, microscopic 
colitis is an inflammatory condition of the colon that is 
responsible for up to 20% of patients referred for colonos-
copy with nonbloody chronic diarrhea.192 Though clinically 
similar, microscopic colitis encompasses both lymphocytic 
and collagenous colitis, with roughly half of patients in each 
group.193 Also shared by these two subtypes is the lack of a 
known underlying etiology, despite an estimated incidence 
of 4–10 per 100,000 people.194,195 The hallmark of each, how-
ever, is the characteristic histological changes identified in 
the setting of normal colonic mucosa on endoscopy within 
the context of what can be profound chronic diarrhea.

The majority of patients are older than 50 years of age 
at disease onset, with a female predominance (especially 
in collagenous colitis).195–197 Common associations include 
bile acid malabsorption, underlying autoimmune conditions, 
smoking, and a postulated infectious etiology – largely in part 
to its improvement following treatment with antibiotics.197–200 
In addition, several medications have been described as hav-
ing a frequent association with microscopic colitis including 
acarbose, acetylsalicylic acid, lansoprazole, chronic non-
steroidal anti-inflammatory drugs (NSAIDs) use, ranitidine, 
sertraline, and ticlopidine, among others.201 Yet, despite it 
being a described entity since Lindstrom202 and several com-
mon associations, no identifiable underlying cause has been 
identified.

Like many of these “benign” colorectal diseases, patients 
may present across a spectrum of courses, from mild abdom-
inal pain and diarrhea, to severe volume depletion, electro-
lyte abnormalities and protein-losing enteropathy. The vast 
majority of patients experience crampy abdominal pain, 3–20 
loose bowel movements per day, and weight loss. Although 
described, fever, vomiting, and gastrointestinal bleeding sug-
gest an alternative diagnosis such as infectious or inflamma-
tory bowel disease, and should be evaluated appropriately.

In addition to a thorough history and physical examina-
tion, the mainstay of diagnosis is endoscopy with multiple 
colonic mucosal biopsies. Clinically the mucosa of the 
colon appears normal, thus random biopsies are required for 
diagnosis. Focal directed biopsies are taken of any specific 
abnormalities, though more indicative of concomitant dis-
ease or other pathology. Both collagenous colitis and lym-
phocytic colitis demonstrate a lymphocytic proliferation and 
infiltration of the lamina propria and epithelium of the bowel 
wall. In fact, the histologic criteria for lymphocytic colitis 
require more than 10 lymphocytes per 100 epithelial cells 
in the colon, with a normal colon having less than 5 per 100 
cells (Figure 34-12). What distinguishes collagenous colitis 
is the presence of marked thickening of subepithelial col-
lagen layer (Figure 34-13).203 In addition, while lympho-
cytic colitis tends to occur evenly throughout the colon and  
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rectum, collagenous colitis is characterized more in a random 
patchy distribution microscopically.204 Although the vast 
majority (>95%) of patients have disease in the left colon, 
up to 10% will have isolated right-sided disease; therefore, 
full colonoscopy with multiple random biopsies is generally 
recommended.198,205

Because the disease is still relatively unknown and uncom-
mon, treatment options are based on a paucity of high-
 quality evidence. As such, therapy is often empiric, directed 
at controlling symptoms, attempting to decrease inflam-
mation, and individualized. A thorough medication history 
is imperative, as a simple trial of stopping the more com-
monly associated medications (especially NSAIDs), where 
possible, may result in improved symptoms. In addition, 
dietary modifications with elimination of caffeine, dairy, 
alcohol, and artificial sweeteners may also provide signifi-

cant improvements in symptom control. Chronic loose stools 
are the hallmark for each of these diseases, thus antidiar-
rheal therapy with loperamide and diphenoxylate/atropine 
are effective first-line therapeutic agents. Although there is 
only a small number of series to support their use, their high 
safety profile, inexpensiveness, and effectiveness make these 
excellent initial choices for patients with mild or moderate 
diarrhea.200,206 Similarly, in a small study of 12 patients, bis-
muth subsalicylate has been reported to cause resolution of 
diarrhea in 92% of patients and histological improvement in 
75% following an 8-week course of eight tablets per day, 
and is often used for patients with more mild disease.207 With 
the known association of bile-acid malabsorption, bile-acid 
binding agents such as cholesytramine have shown response 
rates of 59–92%, and are particularly useful in those patients 
in whom symptoms of microscopic colitis arise after chole-
cystectomy.197,208 Budesonide has the best evidence to support 
its use for these patients. With its decreased systemic absorp-
tion, dosages of 9 mg daily for 6 weeks have demonstrated 
clinical and histological improvement and resolution in the 
majority of patients with collagenous colitis.209 It is generally 
recommended that budesonide is used for patients with more 
severe or resistant disease, and may be effective in helping 
with initial remission prior to changing to one of the less 
toxic medications above for long-term therapy. In patients 
with recalcitrant disease, medications ranging from immuno-
modulator and anti-inflammatory drugs such as 5-aminosali-
cylic acid products, steroids, azathioprine, 6-mercaptopurine, 
and methotrexate to probiotics and even octreotide have been 
described with each demonstrating some success.201 Surgery 
has been described mostly in case reports for severe dis-
ease when all medical options have failed. The most com-
mon described surgical option is a diverting ileostomy with 
excellent control of symptoms.210,211 Unfortunately, the vast 
majority of patients develop recurrence of disease follow-
ing stoma closure. In extreme settings, colectomy with or 
without restoration of continence has been described,212,213 
although the paucity of evidence precludes definitive rec-
ommendations for this approach – especially in light of the 
response rates to medical therapy.

Eosinophilic Colitis

Rarer than the two subtypes of microscopic colitis, eosino-
philic gastrointestinal disease (EGD) was described much 
earlier by Kaijser.214 Eosinophilic colitis, one component 
of EGD, is the least commonly affected site. All subtypes 
of EGD are characterized by eosinophilic infiltration of the 
involved tissues and elevated eosinophil counts in peripheral 
blood.215 Unlike its more proximal counterparts that tend to 
mainly affect pediatric aged population, eosinophilic coli-
tis has a bimodal age distribution affecting neonates as well 
as young adults, with equal gender distribution.215 Patients 
most frequently present with nonspecific symptoms include 

Figure 34-12. Lymphocytic colitis. A significant increase in the 
intraepithelial lymphocyte is present particularly in the surface 
 epithelium.

Figure 34-13. Collagenous colitis. Note the thick band of pink col-
lagen beneath the surface epithelium (H and E stain).
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abdominal pain, nausea, vomiting, diarrhea, and weight loss. 
Depending on the degree of colon wall involvement, symp-
toms can range from diarrhea, malabsorption, and protein-
losing enteropathy with mucosal disease to bowel thickening 
and obstruction with involvement of the deeper layers of the 
bowel wall. In extreme form, serosal involvement leads to an 
eosinophilic ascites that may detect eosinophils in up to 90% 
on paracentesis.216 Similar to microscopic colitis, the under-
lying etiology is largely unknown. Several authors have sug-
gested a connection with food allergies with cow’s milk and 
soy protein being the most common, as well as a history of 
allergies or atopy in 75%.215 The diagnosis of eosinophilic 
colitis is generally made by the trilogy of peripheral eosino-
philia (5–35%), gastrointestinal symptoms, and greater than 
20 eosinophils per high power field on histological exami-
nation of endoscopic biopsies – all with no other defined 
source for the eosinophiliic manifestations.217 Colonoscopic 
findings may range from normal in appearance to diffuse 
edema, but commonly demonstrates patchy areas of edema 
and punctate erythema.218 The differential diagnosis includes 
infectious etiologies such as tuberculosis or parasite infes-
tations, allergic enteropathies, collagen vascular disorders, 
and Crohn’s colitis. Multiple medications have also been 
associated with this condition to include gold, NSAIDs, 
rifampin, and tacrolimus.219–221 Not surprisingly, the majority 
of treatment recommendations are based on case reports and 
anecdotal experience. Most importantly, a thorough history 
and physical examination should be performed to identify 
potential other sources for the clinical picture (i.e., parasitic 
or drug-induced). That aside, corticosteroids are the first-line 
therapy for eosinophilic colitis, with up to 90% of patients 
demonstrating some response within 2 weeks.222,223 Surgery 
has a role only for management of complications, such as 
intussusception, obstruction, hemorrhage, or perforation, or 
in difficult cases where a diagnosis is in question.224,225

Gastrointestinal Manifestations  
of Vasculitis and Connective  
Tissue Disorders

Although rare, vasculitis can also involve the gastrointestinal 
tract, commonly resulting in mesenteric ischemia. Patients 
generally present with abdominal pain, nausea, vomiting, 
diarrhea, and gastrointestinal bleeding. Symptoms can pres-
ent acutely with bowel necrosis, massive bleeding, perfora-
tion, or chronically with stricture-related obstruction.

Polyarteritis Nodosa

Polyarteritis nodosa (PAN) is a focal segmental vasculitis 
that affects small and medium-sized arteries. Antigen–anti-
body complexes are deposited in the vessel walls, causing 
local inflammation and eventual necrosis (“fibroid necrosis”) 
that result in stenosis, thrombosis, aneurismal dilatation, 

and  rupture. The organs supplied by these vessels may have 
impaired perfusion, resulting in ulcerations, infarcts, or isch-
emic atrophy.226 It is felt to be associated with hepatitis B virus 
(HBV) in approximately 7% of cases. Overall, gastrointesti-
nal involvement occurs in 14–65% of patients with PAN, and 
is a major cause of morbidity and mortality in this cohort.227 
Most patients have concomitant systemic symptoms, such 
as hypertension, renal insufficiency, neurological dysfunc-
tion, myalgias, and cutaneous disease. The small bowel and 
gallbladder are the most commonly affected areas in the GI 
tract, although liver, biliary tract, pancreas, and colonic isch-
emia may occur as well. Clinical presentation depends on 
whether ischemia is transmural, varying from postprandial 
abdominal pain and weight loss or superficial ulcerations to 
perforation with peritonitis. The Churg–Strauss syndrome is 
a variant of PAN, where GI involvement caused by eosino-
philic infiltration causes abdominal pain, bloody stools, and 
diarrhea. Arteriography is a primary modality used to diag-
nose PAN, revealing focal and segmental saccular aneurysms 
or stenosis, particularly at areas of bifurcation. Tissue biopsy 
may confirm the diagnosis, and common biopsy sites include 
sural nerve, muscle, and skin lesions that may be present. 
The mainstay of treatment is 1 year of corticosteroid therapy, 
resulting in remission in 50% of cases. Cyclophosphamide 
for 6 months of duration can be added to improve response 
rates and to reduce the incidence of relapse. Untreated, the 
prognosis in PAN is poor, mostly secondary to renal failure 
and mesenteric, cardiac, or cerebral infarction. One-year and 
5-year survival rates in this setting are approximately 50 
and 13%, respectively.228 While gastrointestinal involvement 
portends a poor overall prognosis, aggressive treatment has 
improved survival to approximately 80% at 5 years.229

Henoch-Schonlein Purpura

Henoch-Schönlein purpura (HSP), the most common sys-
temic vasculitis in childhood, is a small vessel inflammatory 
disease that classically results in lower extremity purpura, 
arthritis, and hematuria. The gastrointestinal tract is affected 
in up to 50% of patients.230 Although a variety of infectious 
and chemical triggers have been proposed, the underlying 
cause of HSP remains unknown. IgA deposits in the arterial 
wall result in extravasation of erythrocytes and infiltration of 
tissue with neutrophils, creating the picture of leukocytoclas-
tic vasculitis. In the small intestinal villi, this eventually leads 
to necrosis. Abdominal pain, associated with nausea, vomit-
ing, or bleeding, occurs in 51–74% of patients.231 While the 
small intestine is the most frequently involved site in the GI 
tract, the colon can also demonstrate petechiae, hyperemia, 
ecchymotic lesions resembling the rash, and aphthoid ulcers. 
Intussusception, typically due to a lead point of intramural 
hemorrhage, is the most common surgical complication of 
HSP in childhood.232 In adults, advanced presentation can 
include GI hemorrhage, necrosis, and stricture/obstruction. 
Diagnostic tools include ultrasound, CT scan, upper and 



586 J.A. Maykel and S.R. Steele

lower endoscopy, and video capsule endoscopy. The ideal 
method of diagnosis is to identify leukocytoclastic vasculitis 
with IgA on tissue biopsy (whether from the skin, kidney, or 
GI tract) coupled with classic clinical manifestations. The 
natural history of the disease is spontaneous resolution, and 
as such, the role of medical treatment remains unclear. Anal-
gesics (acetaminophen or NSAIDs) and H2-blockers appear 
to help with symptoms, while the use of corticosteroids is 
controversial. Over 80% of patients recover within 2 weeks; 
however, a generally milder and shorter recurrence takes 
place in one-third of patients most often within 4 months of 
the initial presentation.

Systemic Lupus Erythematosis

Systemic lupus erythematosis (SLE) is a chronic multisystem 
inflammatory disease of unknown cause that can affect any 
organ system of the body, following a relapsing and remit-
ting course. Disturbances within the immune system result in 
the formation of immune complexes in the microvasculature 
leading to complement activation and inflammation. Patients 
with SLE can develop a small- and medium-sized vessel vas-
culitis that involves the GI tract in approximately 25–40% of 
patients.233 Similar to Crohn’s disease, SLE can affect any por-
tion of the GI tract. Confusing the situation, abdominal pain 
may be secondary to any of the concomitant disorders that 
are associated with lupus such as infection, peritonitis, peptic 
ulcer disease, mesenteric vasculitis with intestinal infarction, 
and pancreatitis. The development of abdominal pain is often 
intermittent and insidious in onset, typically associated with 
nausea, vomiting, fever, and diarrhea. However, patients may 
also present acutely with mesenteric vasculitis and infarction 
in a septic picture. Diagnosis generally involves CT scan, 
though arteriography may prove helpful. More invasive test-
ing including endoscopy or laparoscopy may be employed. 
Treatment options include broad-spectrum intravenous anti-
biotics and systemic corticosteroids, with the possible addi-
tion of other immunosuppressives. As steroids may mask the 
physical examination findings of evolving peritonitis and 
visceral perforation, surgeons should maintain a high index 
of suspicion for other signs or worsening physiology. Surgi-
cal intervention is indicated for failure to respond to aggres-
sive resuscitation or signs of perforation.

Patients with SLE peritoneal inflammation can also present 
with an acute abdomen with abdominal ascites. When para-
centesis reveals a transudate (excluding infection) a trial of 
steroids may be considered, though often require operative 
exploration. SLE-related intestinal pseudo-obstruction may 
occur as a result of impaired intestinal motility, likely due to a 
dysfunction of the visceral smooth muscle or the enteric ner-
vous system.234 Early treatment with high-dose corticosteroids 
is efficacious, while other treatment options include immu-
nosuppressive medications (azathioprine, cyclosporin A, and 
cyclophosphamide) along with promotility agents. Finally, 
while rare, patients with lupus may develop a protein-losing 
enteropathy, which responds well to steroids.

Behcet’s Disease

Behcet’s disease is a chronic, relapsing, inflammatory 
 disease mainly affecting young men in the Middle East and 
women in Japan and Korea.235 Classically, it causes painful 
oral and genital apthous ulcerations, uveitis, arthritis, and 
skin lesions. Yet, 15–60% may also experience gastrointes-
tinal manifestations, with 10–20% developing neurological 
changes, and up to one-third acquiring vascular abnormali-
ties. This vasculitis is unique as it involves blood vessels 
of all sizes – small, medium, and large – and affects both 
the arterial and venous systems. Behcet’s disease typically 
has a waxing and waning course characterized by exacerba-
tions and remissions. From a GI perspective, patients present 
with anorexia, nausea, abdominal pain, diarrhea, and bleed-
ing. Ulcerations may be superficial or transmural, and are 
most often seen in the terminal ileum, cecum, and ascending 
colon. Endoscopically, these ulcerations appear round and 
deep with discrete margins. When located in the ileocecal 
location (96%), they are often single (67%), and tend to be 
larger than 1 cm (76%).236 It is often difficult to distinguish 
between Bechet’s and inflammatory bowel disease, due to the 
similarity in intestinal symptoms including GI ulcerations, 
inflammatory masses, anorectal pathology, and rectovaginal 
fistulas. In addition, both have extra-intestinal symptoms 
such as oral ulceration, erythema nodosum, uveitis, and 
arthritis. While nonspecific serum markers of inflammation 
may be elevated, there are no pathognomonic laboratory tests 
in Behcet’s disease. Therefore, the diagnosis is often one of 
the exclusion, and made purely on the basis of the clinical 
spectrum. Treatment is dictated both by the type of organ 
system involved and by the severity of disease. Due to a pau-
city of reliable data, medical options remain controversial, 
though most often include corticosteroids and a variety of 
immunosuppressive medications. For those patients with GI 
involvement, treatment typically involves corticosteroids plus 
azathioprine, while several reports have demonstrated suc-
cess with infliximab.237 Surgery is generally reserved for the 
management of complications. There is some controversy on 
the proper resection margins on the bowel, with some authors 
advocating wide surgical margins, while others recommend-
ing removal of only the grossly involved disease.238 Intestinal 
anastomosis is normally discouraged as anastomotic leaks, 
reperforation, and fistulization are common.239 Long-term, 
the rate of recurrence after surgery has been reported to be 
40–56%, and typically occurs at the anastomotic site.240

Scleroderma

Systemic sclerosis (scleroderma) is a multisystem fibrotic 
disease secondary to alterations of the microvasculature, the 
autonomic nervous system, and the immune system. Neurohu-
moral mediators, cytokines, and physical agents such as cold 
temperature and trauma mediate these alterations in small ves-
sel function. Ultimately, this results in smooth muscle atrophy 
and gut wall fibrosis. Nearly 90% of patients with systemic 
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sclerosis have GI involvement. While the entire GI tract can 
be affected, esophageal disease is the most common site.241 
In the small bowel, mucosal villous structure is normal, but 
collagen deposits around Brunner’s glands, leading to perig-
landular sclerosis. Patients develop malabsorption as a result 
of intestinal stasis, bowel dilation, and bacterial overgrowth 
– often resulting in malnutrition. More rare complications 
include pseudo-obstruction, small bowel perforation, pneu-
matosis intestinalis, and small bowel volvulus. Bacterial over-
growth can be treated with yogurt and cyclical, chronic oral 
antibiotics. Pseudo-obstruction and small bowel dysmotility 
are challenging to treat. Typically, prokinetic agents are not 
helpful, though daily balanced electrolyte solutions contain-
ing polyethylene glycol (PEG) may be beneficial. Octreotide 
therapy (50 mg/day, subcutaneously), by inducing phase III-
like migrating motor complexes, may offer some improve-
ment, although experience of this treatment is still limited.242 
Patients with advanced intestinal failure require total paren-
teral nutrition, either on a temporary or long-term basis. Sur-
gical resection is rarely beneficial due to the diffuse nature 
of GI involvement and risk for short bowel syndrome with 
extended resections. Dietary changes including lactose and 
fiber avoidance, intake of medium chain triglycerides, and 
supplementation with vitamins, calcium, and iron have all 
demonstrated varying results. Anorectal and colonic disease 
occur in 10–50% of patients with systemic sclerosis. Collagen 
is deposited in the mucosa and submucosa, while the mus-
cularis externa undergoes atrophy. Wide-mouthed diverticuli 
can be visible protruding through the weakened wall on the 
antimesenteric border. Clinically, both constipation, due to 
dysmotility and pseudo-obstruction, and fecal incontinence 
are common problems. Disordered defecation often results in 
fecal incontinence as a consequence of decreased internal anal 
sphincter pressures, reduced rectal compliance, and an absent 
or diminished rectoanal inhibitory reflex.243 Constipation can 
be managed with bulking agents or PEG, although this may 
paradoxically worsen proximal dysmotility. For patients with 
fecal incontinence, treatment options include sphincter muscle 
training by biofeedback, sacral nerve stimulation, and proxi-
mal diversion with a stoma.244

Miscellaneous Colitis

As depicted, inflammation of the colon and rectum can result 
from a vast number of underlying pathologic processes, but 
also may occur following iatrogenic and rare sources. Included 
in this mixed bag are colitides from diversion, immunosup-
pression, medications, toxins, and autoimmune conditions. In 
this final section, we briefly review a few of the more unusual, 
though not entirely uncommon, causes of colitis.

Diversion Colitis

Fecal diversion is performed for a variety of reasons, with the 
ultimate purpose to prevent the fecal stream from reaching 

the distal segment of large intestine to prevent complications 
including perineal infection, fecal incontinence, fistula, stric-
ture, or anastomotic protection/leak. Yet, while diversion in 
these situations is often critically important, it may result in 
clinically evident disease, particularly following extended 
periods in which the colorectal mucosa is devoid of fecal mat-
ter. The defunctionalized colon and rectum develops a nonspe-
cific inflammation that is felt to be secondary to a lack of short 
chain fatty acids – the primary colonocyte nutrient.245 While 
this is the leading theory, the lack of consistent findings on 
endoscopy and histological examination has led to alternative 
hypotheses including infection and ischemia.246,247 Patients 
most often present with symptoms of abdominal and/or pel-
vic pain, tenesmus, bright red blood per rectum, and mucus 
discharge. Endoscopy commonly reveals erythema, friable 
mucosa, contact bleeding, and mucus plugs (Figure 34-14). 
In extreme cases, severe bleeding occurs due to gross ulcer-
ation.248 It is often difficult to differentiate the clinical appear-
ance from inflammatory bowel disease.249 While the temporal 
relationship with stoma construction may help with the diag-
nosis, symptoms normally occur months, and in rare reported 
cases, 17 years following diversion.246 Most often patients 
are asymptomatic and do not require treatment. For those 
patients with a temporary stoma, resolution of symptoms is 
the norm once intestinal continuity is restored, while failure 
to improve should prompt an evaluation for other underlying 
pathology.250,251 In symptomatic patients in whom the diver-
sion is permanent or not ready for stomal reversal, treatment 
regimens including 5-aminosalicylate, sucralfate, and steroid 
enemas have demonstrated moderate success for symptom 
control.252 In addition, there is good evidence that twice-daily 
irrigation of short-chain fatty acid enemas for 2–4 weeks  
or even longer will lead to resolution of symptoms.253,254 It  
is also critically important for even asymptomatic patients 

Figure 34-14. Diversion colitis. Notice the erythematous, friable 
mucosa.
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with long-term diversion to undergo periodic endoscopic  
and digital examination for screening and surveillance of  
colorectal cancer and polyps.

Neutropenic Enterocolitis

Neutropenic enteroclotis, or typhlitis, is a potentially fatal 
complication of cytotoxic chemotherapy for malignancy, 
most commonly seen with leukemia or lymphoma.255 Addi-
tionally, immunosuppressed patients from other causes such 
as following transplantation, aplastic anemia, or AIDS may 
present with a similar clinical picture. While the exact patho-
genesis is unknown, leading proposed mechanisms include 
alterations of normal bowel flora, weakened immunologic 
defenses, mucosal injury, and development of more virulent 
GI pathogens.256 One consistent factor is the presence of 
neutropenia, with most patients having absolute neutrophil 
counts less than 500/mm3. The process has a predilection 
for the terminal ileum and cecum, although any segment of 
the bowel can be involved. During the course of chemother-
apy, patients often present with watery diarrhea, vomiting, 
fever, and abdominal pain, while more severe forms result 
in perforation and sepsis.257 Computed tomography is the 
most widely used method of diagnosis, with characteristic 
right-sided colonic and ileal wall thickening with or with-
out adjacent fat stranding and free fluid.258 Pneumatosis has 
been reported in up to 21% of patients.259 Due to the patients’ 
underlying condition, the mainstay of therapy remains noth-
ing per os, intravenous fluid resuscitation, broad-spectrum 
antibiotics, and continued supportive care. Consideration 
may be given for parenteral nutrition, although in most cases 
the clinical condition improves as the neutropenia resolves. 
Patients should be frequently examined for signs of worsen-
ing examination or peritonitis. Surgical therapy is generally 
reserved for patients with signs of nonviable bowel, perfora-
tion, or sepsis.260–262 When surgery is required, consideration 
is normally given for resection of the involved bowel with 
the formation of a proximal stoma (i.e., ileostomy).

Disinfectant Colitis

With the prominent role that endoscopy possesses in gastro-
intestinal screening and treatment, the potential for develop-
ment of significant contact irritation and subsequent colitis 
exists. Endoscopic disinfectants commonly use hydrogen 
peroxide bases or glutaraldehyde formulations for cleaning 
in part due to their broad spectrum of action against acid 
and alcohol resistant bacilli, hydrophilic viruses, and spores. 
While the scopes are thoroughly rinsed and cleansed as a part 
of the sterilization process, residual formulation or response 
analogous to contact dermatitis may provoke a change in the 
mucosa that has been referred to as pseudolipomatosis.263 
This remains somewhat of a controversial topic, as the exact 
mechanism of this is unknown, as well as whether the irrita-
tion results from the bowel preparation, mechanical trauma 

from the scope itself, or another source. The lesion plaque 
resembling pseudomembranous colitis, and often appears on 
withdrawal of the scope in regions which appeared relatively 
normal on introduction. Patients may have a variety of non-
specific complaints ranging from mild cramping abdominal 
pain to fever, bloody diarrhea, and significant tenderness 
starting approximately 24–48 h following endoscopy. The 
vast majority of patients will have complete symptom resolu-
tion without need for therapy, though a paucity of data exists 
pertaining to this topic, owing to its relatively rare entity.264 
Consideration should be given to appropriate evaluation that 
often includes history and physical examination, as well 
as laboratory evaluation to include stool studies to exclude 
other sources of colitis. In more advanced cases, radio-
graphic evaluation with plain films and CT scan to exclude 
perforation, and/or repeat endoscopy to determine severity 
and extent of the process as well as biopsy with histological 
examination may be required. Most importantly, prevention 
of this entity may be aided with diligent rinsing and forced-
air drying of the endoscopes, along with proper maintenance 
and routine use of automatic disinfecting machines when-
ever possible.265

Corrosive Colitis

Specific formulations, such as previously described glutaral-
dehyde and formalin preparations that are used in a variety 
of medical capacities may result in an iatrogenic corrosive 
colitis. In addition, self-induced agents per rectum such as 
household bleach, coffee enemas, colas, and other potentially 
hazardous liquids and gels may result in varying degrees of 
bowel wall injury. In the former, changes may occur in the 
setting of mucosal contact with residual cleaning solutions 
during endoscopy or rectal instillation to treat diffuse bleed-
ing from radiation proctitis. In the latter, underlying motives 
such as autoeroticism or attempts at “cleaning” the rectum 
have been described.266 Similar to disinfectant colitis, most 
patients develop a self-limiting symptom complex of abdom-
inal pain, mucous discharge, diarrhea, and rectal bleeding 
within hours to a few days depending on the extent of expo-
sure and chemical composition of the offending corrosive 
agent. Treatment typically remains supportive with bowel 
rest, intravenous fluids, and occasional topical medications 
(i.e., mesalamine, steroids) as needed, though anecdotal 
reports of full thickness rectal injury and need for diversion 
and/or proctectomy with severe cases.264,267–269 Depending on 
the degree of injury, patients may also develop symptoms of 
tenesmus, chronic rectal pain, and even stricture formation 
long-term that may require therapy.266

NSAIDs and Salicylate-Induced Colitis

Many nonsteroidal and salicylate derivatives are used in 
various ways for the treatment of a number of disease pro-
cesses. As in the setting of peptic ulcer disease, chronic (or 
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even short-term) NSAID use has been postulated to play a 
role in the pathogenesis of chronic colitis or colonic ulcer 
formation.270 The degree to which they play a role remains 
undetermined. This is especially interesting in light of the 
information regarding a potential chemoprotective effect of 
long-term use of NSAIDS against development of colorec-
tal neoplasia.271 These drugs have also been associated with 
causing a reactivation of previously quiescent inflammatory 
bowel disease (especially ulcerative colitis) via lowering 
levels of prostaglandins by dual inhibition of the cyclooxy-
genase (COX) enzymes.272,273 Relapse may occur in up to 
30% of patients and commonly occurs within 10–14 days 
of NSAID consumption.274 However, the available data 
remains very mixed on this topic. Presenting symptoms are 
often diarrhea, rectal bleeding, and abdominal pain, cou-
pled with a history of NSAID usage. Endoscopic findings 
include patchy erythema, ulcerations, and in many cases 
the colonic mucosa appearance will mimic inflammatory or 
idiopathic colitis. Treatment involves discontinuing NSAID 
and salicylate use as well as administering topical or steroid 
preparations – especially in those patients with underly-
ing IBD. Though most patients will have resolution of the 
symptoms, recurrence is frequent and chronic colitis may 
require surgery.275

Toxic Epidermal Necrolysis

Toxic epidermal necrolysis (TEN), also known as Stevens–
Johnson syndrome, is a severe dermatological disease that 
is characterized by extensive epidermal and mucocutaneous 
necrosis and exfoliation. Whereas the primary manifesta-
tion is the appearance of an erythematous confluent erup-
tion that rapidly evolves into necrosis and exfoliation of 
the skin at the dermal–epidermal junction, it is also been 
occasionally associated with disseminated mucosal erosions 
throughout the gastrointestinal tract.276 Although this has an 
unknown etiology, this process appears to be immune-com-
plex mediated and often occurs as an idiosyncratic reaction 
to a drug or chemical agent. The disease has an extremely 
high mortality rate and manifests with sepsis, gastrointes-
tinal hemorrhage, diarrhea, high fevers, leukopenia, fluid/
electrolyte imbalance, and renal insufficiency.277,278 The 
ulceration is not limited to the colon, with diffuse ulcer-
ation anywhere from mouth to anus. Radiographically, the 
colon may appear stenotic or even “lead-pipe” like, simi-
lar to chronic ulcerative colitis. Endoscopically, the colon 
may resemble severe ulcerative or pseudomembranous 
colitis, however, biopsies show extensive necrosis and lym-
phocytic infiltration without crypt abscesses or neutrophils 
and pathologically the muscular layers remain intact. The 
mucosal sloughing of the bowel may result in melena or 
intestinal perforation.70 Patients are critically ill and require 
aggressive surgical resection along with multisystem inten-
sive care support including extensive skin care that is often 
only available in burn units.

Conclusion

The wide array of pathology affecting the colon and rectum 
presents some of the most challenging diagnostic and thera-
peutic situations. Though each is unique in their own way, 
varying in extent, severity, and outcome, they share many com-
mon bonds. Clinicians should stay abreast of these conditions 
and possess a well thought out algorithm to evaluate patients 
presenting with these similar constellation of symptoms.
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35
Advanced Laparoscopic Colorectal Surgery
Tonia Young-Fadok

Introduction

Since the first edition of this textbook, advances in laparo-
scopic colorectal surgery have been made in the arenas of 
education, research, and practice. In education, the vast 
majority of, if not all, trainees now finishing colorectal sur-
gery fellowships have learned laparoscopic techniques. All 
laparoscopic colorectal procedures continue to be consid-
ered advanced procedures and are considered as such in this 
chapter. In the research arena, a multicenter randomized con-
trolled trial is in progress evaluating the safety and other out-
comes of laparoscopic resection of rectal cancer. In clinical 
practice, single-incision laparoscopic surgery has sparked 
interest in making these procedures even less invasive, and 
there is at least intellectual and experimental interest in natu-
ral orifice transluminal endoscopic surgery (NOTES) even 
though this approach has not yet made its way into practice. 
This chapter will review these issues and provide an assess-
ment of the use of laparoscopic techniques for the common 
disease processes seen by colorectal surgeons.

Learning Curve

There continues to be relatively slow adoption of laparoscopic 
colectomy into the surgeon’s practice. Laparoscopic colorec-
tal surgery faces certain challenges which distinguish it from 
other minimally invasive procedures. In comparison to lap-
aroscopic cholecystectomy, the performance of laparoscopic 
colectomy requires working in multiple quadrants of the abdo-
men. This requires a better understanding of depth perception 
and proprioception. A coordinated team consisting of a sur-
geon, an assistant, and often a cameraperson is required. All 
three must work together along with the nursing and anesthe-
sia teams. All of these add to the complexity of the procedure 
and this results in the need to perform a number of cases 
before the surgeon and surgical team become proficient. 
Numerous previous studies have evaluated the  “learning 

curve” of  laparoscopic colectomy, although the actual defini-
tion of learning curve remains somewhat nebulous. 1–3

Although earlier studies estimated the learning curve for 
laparoscopic colectomy to be at least 20 cases, several pub-
lications have suggested the learning curve is greater than 
this. 4 The initial randomized trials of laparoscopic resection 
for colon cancer demonstrate this, with a fall in conversion 
rates over the course of the trials. In a prospective random-
ized study of colorectal cancer in the United Kingdom, the 
“CLASICC” trial, surgeons had to perform at least 20 lap-
aroscopic resections before they were allowed to enter the 
study. 5 The study began in July 1996 and was completed in 
July 2002. Despite the surgeon’s prior experience, the rate of 
conversion dropped from 38 to 16% over the course of the 
study, suggesting that a minimum of 20 cases may not be 
enough to reach the plateau of the “learning curve.” In the 
COLOR trial from Europe, 6 a prospective randomized study 
for colon cancer that required a prerequisite experience in 
laparoscopic colon resection before surgeons could enter 
patients in to the study, surgeon and hospital volume were 
directly related to a number of operative and postoperative 
outcomes. The median operative time for high-volume (>10 
cases/year) hospitals was 188 min compared to 241 min for 
low volume (<5 cases/year) hospitals, and likewise conver-
sion rates were 9% vs. 24% for the two groups. High-volume 
groups also had more lymph nodes in the resected specimens, 
fewer complications, and shortened hospital stay. These 
studies suggest that the learning curve is clearly greater than 
20 cases and surgeons need to perform a minimum yearly 
number of procedures to maintain their skills.

A major achievement has been the introduction of lap-
aroscopic training into most, if not all, of the accredited 
colorectal fellowships, so that graduates of these programs 
have laparoscopic skills. There are three groups of surgeons 
among whom laparoscopic approaches remain slow to per-
meate: colorectal surgeons who finished training prior to 
the introduction of laparoscopic cholecystectomy; general 
surgeons who perform few colorectal procedures; and resi-
dents graduating from general surgery programs with no 
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 laparoscopic colorectal training. Regarding the first group, 
it is challenging for established colorectal surgeons to 
assimilate laparoscopic procedures into their practice, when 
they are not familiar with the basics of laparoscopy. This is 
reflected in the data obtained from board-certified colorectal 
surgeons who are taking recertification examinations: only 
30% perform laparoscopy which indicates that less than 30% 
of cases being performed by recertifying colorectal surgeons 
are being performed by this approach as even experienced 
laparoscopic colorectal surgeons acknowledge that some 
cases must be performed open.

For general surgeons, the difficulty with the broad applica-
tion of laparoscopic colectomy is that most general surgeons 
perform far fewer than 50 segmental colon resections per 
year. In a review of 2,434 general surgeons who were tak-
ing the recertification examination of the American Board of 
Surgery, all of whom supplied their operative lists from the 
previous year, most surgeons performed fewer than 20 colon 
resections in 1 year. 7 In fact, the mean number of colon resec-
tions performed was 11. Even at the 90th percentile, only 23 
colectomies were performed in a single year. If the average 
surgeon performs 11 resections and approximately half are 
eligible for a laparoscopic approach, assuming a learning 
curve of even just 20 cases, it would take a surgeon 4 years 
to feel comfortable performing laparoscopic colectomy, and 
many would argue that so few cases per year is not suffi-
cient to build up one’s skill level. Most surgeons (and their 
patients!) cannot afford to go through such a learning curve. 
Either the learning curve will need to be shortened, as some 
have suggested may be possible by the use of hand-assisted 
laparoscopic techniques, or the performance of laparoscopic 
colectomy may be limited to surgeons who perform a greater 
number of colon resections per year.

Conversion

Rates of conversion vary widely in the literature, from 0% to 
as high as 48%, depending on multiple factors such as date 
of publication, disease process, patient factors and of course, 
surgeon experience and ability. Most series report the need 
to convert in 5–25% of cases. While surgical proficiency 
would likely decrease the need to convert, this is counter-
balanced by the surgeon’s desire to perform more complex 
cases. 2 Several patient and disease-related factors such as 
obesity, prior abdominal surgery (a marker for adhesions), 
acuity of inflammation (i.e., abscess and fistula formation), 
tumor bulk or contiguous involvement, and disease location, 
may also affect the rate of conversion. Obesity, defined as a 
body mass index greater than 30 kg/m2, was once considered 
a relative contraindication to a laparoscopic approach. For 
a surgeon early in his/her learning curve, it should remain 
a relative contraindication. However, once more experience 
is gained by the surgeon, several reports have demonstrated 
that obesity itself is not a contraindication to a minimally 

invasive approach. 8–10 For inflammatory conditions such as 
Crohn’s disease and diverticulitis, the presence of an abscess 
or fistula may result in the need for conversion in up to 50% 
of cases, 11,12 with reports from experienced centers suggest-
ing a conversion rate of 25–35% for enteric fistulae. 13–15 
The presence of a fistula or small abscess is not a contrain-
dication to a minimally invasive approach but should alert 
the surgeon to consider a variation in operative approach if 
obstacles cannot be overcome. Conversion from a laparo-
scopic to open resection should not be viewed as a failure of 
the surgeon but as a sign of mature surgical judgment. Based 
on preoperative studies, it is difficult to predict which cases 
cannot be completed laparoscopically.

More crucial than the rate of conversion may be the 
time spent prior to conversion. Delayed conversion, occur-
ring only after a complication has occurred, may in some 
cases reflect poor judgment or little experience. An initial 
laparoscopic survey may quickly identify a complex pro-
cess, allowing a speedy alteration in the operative plan. If 
the approach is expeditiously changed, additional time and 
costs may be avoided. Early reports suggested worse out-
comes for patients who required conversion, but later studies 
suggest that if conversion is made early, the outcome of con-
verted cases is similar to patients undergoing conventional 
surgery. 16,17 The goal is to perform a preemptive conversion; 
once it is determined the case cannot be completed laparo-
scopically, rather than a reactive conversion to a complica-
tion which occurred due to adverse conditions which the 
surgeon could have avoided.

Outcomes

This section is an overview and summary of the types of 
outcomes measured for laparoscopic colectomy; disease-
specific outcomes are provided in the next section and in 
the accompanying tables. In comparison with conventional 
colectomy, benefits of laparoscopic colectomy may include 
shorter duration of postoperative ileus, less postoperative 
pain and concomitant reduction in the need for analgesics, 
earlier tolerance of diet, shortened hospital stay, earlier 
resumption of normal activities, improved cosmetic results, 
and possibly preservation of immune function. This is offset 
by a prolongation in operative time, the cost of laparoscopic 
equipment, and the learning curve of these technically chal-
lenging procedures. When reporting the outcomes of lap-
aroscopic colectomy, there is, however, a natural selection 
bias when comparing conventional and laparoscopic cases. 
More complex cases are generally not suitable for a laparo-
scopic approach and therefore are performed “open.” Also, 
in many series the results of the successfully completed lap-
aroscopic cases are compared to both conventional cases 
and the cases converted from a laparoscopic to conventional 
procedure. Few studies, with the exception of the larger pro-
spective randomized studies, leave the “converted” cases 
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in the  laparoscopic group as part of the “intention to treat” 
 laparoscopic group. This clearly introduces selection bias.

The vast majority of studies reporting outcomes of lap-
aroscopic vs. open colectomy are retrospective case–control 
studies or even just case series. Although some postopera-
tive outcomes are available from randomized trials, most of 
the well-performed randomized trials are designed to answer 
important oncologic issues such as safety and survival in 
cancer patients, and postoperative outcomes have been of 
secondary interest. Conclusions regarding outcomes, there-
fore, often come from the repetitiveness of the results rather 
than the superiority of study design. For any one study, the 
evidence is weak, but collectively, due to the reproducibil-
ity of results by a large number of institutions, even with 
different operative techniques and postoperative manage-
ment parameters, the preponderance of evidence favors a 
minimally invasive approach with respect to postoperative 
outcomes. Also, the prospective randomized studies which 
are available corroborate the findings demonstrated in non-
randomized studies.

Operative Time

Most comparative studies provide information regarding 
operative times. The definition of the operative time may 
vary with each series, and there may be different groups of 
surgeons performing the laparoscopic and conventional pro-
cedures. Most studies demonstrate a longer operative time 
associated with a laparoscopic procedure. In prospective ran-
domized trials, the procedure was roughly 40–60 min longer 
in the laparoscopic groups. As the surgeon and team gain 
experience with laparoscopic colectomy, operating times do 
reliably fall, but rarely does it return to the comparable time 
for a conventional approach.

Return of Bowel Activity  
and Resumption of Diet

Reduction in postoperative ileus is one of the proposed 
major advantages of minimally invasive surgery. Most stud-
ies comparing open and laparoscopic colectomy have shown 
a statistically significant reduction in the time to passage of 
flatus and stool. Most series demonstrate a 1–2-day advan-
tage for the laparoscopic group. Whether the reduction of 
ileus relates to less bowel manipulation, or less intestinal 
exposure to air and desiccation, or some other factor during 
minimally invasive surgery, remains unknown.

In clinical studies, it is difficult to eliminate the biases of 
the physician and the higher expectations of the patient 
undergoing laparoscopic surgery. Psychological condition-
ing of the patient preoperatively may interfere with an 
objective assessment of bowel activity postoperatively. To 
answer this question formally, both human and animal 
studies have evaluated the return of gastrointestinal motil-
ity. Both canine and porcine models have confirmed an 

 earlier return of  intestinal myoelectric activity following 
 laparoscopic  resection. 18,19 A study in dogs demonstrated 
an earlier return to preoperative motility, utilizing radio-
nucleotide techniques in animals subjected to laparoscopic 
resection. 20 These studies clearly demonstrate a more rapid 
return of bowel activity without the subjective bias which 
may be introduced in clinical studies.

With shorter postoperative ileus, tolerance of both liq-
uids and solid food is sooner following laparoscopic resec-
tion. The time to resumption of diet varies from 2 to 7 days 
(depending, interestingly, on the country in which the study 
was performed, reflecting accepted local practices), but in 
the majority of comparative studies this is 1–2 days sooner 
than in patients undergoing conventional surgery. Again, the 
physician and patient are usually not blinded, which may 
alter patient expectations. The overwhelming reproducible 
data reported in both retrospective and prospective studies 
of laparoscopic procedures, however, does favor a shorter 
period of postoperative ileus and earlier tolerance of liquid 
and solid diet.

Postoperative Pain and Recover  
of Pulmonary Function

A variety of assessments have demonstrated a significant 
reduction in pain following minimally invasive surgery: 
some studies utilize an analog pain scale, while others mea-
sure narcotic requirements. Physician bias and psychological 
conditioning of the patients may interfere with the evaluation 
of postoperative pain. There are also cultural variations in 
the response to pain. Three of the early prospective random-
ized trials evaluated pain postoperatively and all three found 
a reduction in narcotic requirements in patients undergoing 
laparoscopic colectomy. 21–23 In the COST study, 24,25 the need 
both for intravenous and oral analgesics was less in patients 
undergoing laparoscopic resection. Numerous other nonran-
domized studies have shown a reduction in postoperative 
pain and narcotic usage.

Closely related to the severity and duration of postopera-
tive pain is the return of pulmonary function. Adequate pain 
management allows the patient to inspire more deeply. Fol-
lowing conventional abdominal surgery, suppression of pul-
monary function is a well-known sequela. Several studies of 
laparoscopic colectomy have evaluated the return of pulmo-
nary function. In a randomized trial of patients undergoing 
surgery for colon cancer from the Cleveland Clinic, preop-
erative and postoperative spirometry was performed every 
12 h in 55 patients in the laparoscopic group and 54 patients 
in the conventional group. 21 An 80% recovery of baseline 
forced vital capacity (FVC) and forced expiratory volume 
in 1 s (FEV

1
) was measured in each patient. The median 

recovery for the laparoscopic group was 3 days which was 
half the recovery (6 days) seen in the conventional group. A 
similarly designed study by Schwenk et al. 23 confirmed these 
results. Although subject to bias, the results of comparative 
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 studies suggest a quicker recovery of pulmonary function 
and reduction in postoperative pain in patients subjected to 
laparoscopic colectomy.

Length of Stay

More rapid resolution of ileus, earlier resumption of diet and 
reduced postoperative pain results in a shortened length of 
stay after laparoscopic resection compared with traditional 
procedures. Recovery after open operation has also been 
shortened by fast-track practices, but this is not consistent 
throughout the literature. In the absence of minimally inva-
sive techniques, it would seem unlikely that the length of 
stay could be further reduced. In most studies, the length of 
hospitalization is 1–6 days less for the laparoscopic group. 
In an attempt to minimize the differences between a conven-
tional midline incision and a laparoscopic incision, Flesh-
man et al. 25 compared the outcomes of 35 patients whose 
surgery was performed through a minilaparotomy (12 cm, 
mean incision length) to 54 laparoscopic patients. Outcome 
was similar for both groups with a mean day of discharge of 
6.9 days (range 3–15 days) for the minilaparotomy group 
and 6.0 days for the laparoscopic group (range 1–15 days). 
However, when the results of successfully completed lap-
aroscopic cases (75%) where compared, the results favored 
the laparoscopic group (5.3 days, range 1–14 days). There-
fore, despite an attempt to minimize the incision, the overall 
length of stay was still longer in the minilaparotomy group.

While psychological conditioning of the patient cannot 
be avoided and likely has a desirable effect, the benefits of 
minimally invasive procedures on the overall length of stay 
cannot be discounted. The benefit, however, is more likely 
a 1–2-day advantage only. The more recent introduction 
of fast-track clinical pathways in conventional and laparo-
scopic surgery has also narrowed the gap, but laparoscopy 
still appears to confer advantages. 26,27

Quality of Life and Return to Work

If laparoscopic colectomy results in less postoperative pain 
and earlier return to normal activities, one would anticipate 
that quality of life after a laparoscopic procedure should be 
improved compared with conventional procedures. Few stud-
ies, however, have objectively examined the patient’s assess-
ment of recovery. In a nonrandomized study, Psaila et al. 28 
evaluated the recovery of hand grip strength and quality of 
life utilizing an SF-36 symptom score 2 and 4 months post-
operatively. Hand grip strength, as a measure of protein loss, 
recovered more rapidly after laparoscopic surgery. In six of 
eight areas the SF-36 questionnaire showed less impairment 
of health following laparoscopic colectomy. By 4 months 
postoperatively, this trend persisted but to a lesser degree. 
In the COST study, quality of life was evaluated by three 
complementary viewpoints: patient  self-reported symptoms, 

patient self-reported functional status, and a third more 
 objective measurement scale of compliance to  treatment 
referred to as Q-TWiST (quality-adjusted time without 
symptoms of disease and toxicity of treatment). 24,29 Due to 
a high conversion rate of 25% in the initial study report, and 
the “intention to treat” design of the study, there were no 
significant differences between the conventional and lap-
aroscopic groups with the exception of a global rating score 
at 2 weeks. In every category, however, patients who had a 
laparoscopically completed procedure were improved com-
pared with open procedures and with laparoscopic patients 
who required a conversion to open surgery, although this did 
not achieve significance. The results of the CLASICC trial 
found similar results. 5

Few studies have assessed the ability of patients under-
going laparoscopic colectomy to return to work. With less 
postoperative pain and reduced narcotic usage one would 
presume that patients undergoing a minimally invasive 
approach would return more quickly to normal activities and 
employment compared with patients undergoing conven-
tional resection. In a nonrandomized study, patients under-
going laparoscopy returned to full activities and work sooner 
than matched patients undergoing conventional resection 
(mean – 4.2 weeks vs. 10.5 weeks, 3.8 weeks vs. 7.5 weeks, 
respectively (P < 0.01 for all)). 30

Hospital Costs

A theoretical disadvantage of laparoscopy is higher operative 
costs related to longer operative times and disposable equip-
ment. Whether the total cost of the hospitalization (opera-
tive and hospital costs) is higher following laparoscopic 
colectomy is debatable. A case control study from the Mayo 
Clinic looked at total costs following laparoscopic and open 
ileocolic resection for Crohn’s disease. 31 Sixty-six patients 
underwent laparoscopic (n = 33) or conventional (n = 33) ile-
ocolic resection during the same time period (10/95 to 7/99) 
and were well matched. Patients in the laparoscopic group 
had less postoperative pain, tolerated a regular diet sooner 
by 1–2 days and had a shorter length of stay (4.0 days vs. 7.0 
days). In their cost analysis, despite higher operative cost, 
the overall mean costs were $3,273 less in the laparoscopic 
group. The procedures were performed by different groups of 
surgeons at the institution, and while the surgeon may have 
introduced bias, this study was undertaken during the cur-
rent era of cost containment. Other studies by Dupree et al. 32 
and Shore et al. 33 have confirmed these findings with a mean 
reduction of $438 in costs and $7,465 in hospital charges, 
respectively, in patients undergoing laparoscopic compared 
to conventional ileocolic resection. The results are similar 
for elective sigmoid diverticular resection with a mean cost 
savings of $700–$800 34,35 (and there are additional examples 
in the disease-specific section). Increased operative times 
and equipment expenditures appear to be offset by a shorter 
hospital stay.
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Disease-Specific Outcomes

Crohn’s Disease

Laparoscopy in the setting of inflammatory bowel disease 
has its own unique challenges. In Crohn’s disease, there 
may be inflammatory changes, difficulty in assessing bowel 
involvement, and associated abscess and fistulous disease. 11 
In the patient with Crohn’s colitis, the challenges are also 
technical owing to the difficulty in performing laparoscopic 
total colectomy.

Crohn’s disease of the terminal ileum seems an ideal model 
for a minimally invasive approach. The disease is usually 
limited to one area of the abdomen and only mobilization 
and vascular pedicle ligation are required laparoscopically, 
with resection and anastomosis performed extracorporeally. 
Patients with Crohn’s are typically young and interested in 
a procedure that minimizes scars. Additionally, since many 
of these patients require reoperation over their lifetime, a 
minimally invasive approach is appealing. Early reports of 
laparoscopic ileocolic resection showed it to be feasible and 
safe but were typically small nonrandomized uncontrolled 
studies. More recent studies (Table 35-1) demonstrate a more 
extensive experience. 36–55 The majority of studies, however, 
are retrospective case control series. Most series report the 
rate of conversion from 10 to 20% with the mix of complex 
cases (abscess, fistula, or reoperative surgery) ranging from 
40 to 50%.

As expected, outcomes of laparoscopic ileocolic resec-
tion for Crohn’s disease mirror those seen in other studies 
of laparoscopic colectomy for benign and malignant disease. 
In comparative studies (Table 35-1), laparoscopic ileocolic 
resection is associated with earlier return of bowel function 
and tolerance of oral diet. The quicker resolution of ileus, 
earlier resumption of diet, and reduced postoperative pain 
results in a shorter length of stay for patients after laparo-
scopic resection compared with traditional procedures. 
Milsom et al. 43 reported a prospective randomized trial com-
paring conventional and laparoscopic ileocolic resection for 
refractory Crohn’s disease. Sixty patients were randomized 
to either conventional or laparoscopic resection after an ini-
tial diagnostic laparoscopy to assess feasibility of a laparo-
scopic resection. The results favor a laparoscopic approach 
with regards to pulmonary function, morbidity, and length of 
stay. There were no apparent short-term disadvantages. All 
patients had oral intake withheld for 3 days to evaluate nutri-
tional parameters. This impacted on the timing of dietary 
intake and was likely responsible for a delay in discharge 
in some patients. The total length of stay in this randomized 
study was 1 day shorter in the laparoscopic group (5 days vs. 
6 days) but did not reach statistical significance. Had dietary 
intake not been withheld, a shortened length of stay of the 
laparoscopic group might have achieved significance.

Without tactile sensation, one of the concerns of laparo-
scopic surgery in the patient with Crohn’s is missing an 

 isolated proximal ileal lesion. Many patients following  ileocolic 
resection, whether open or laparoscopic, will develop a 
symptomatic recurrence proximal to the ileocolic anastomo-
sis, but whether patients undergoing a laparoscopic proce-
dure will present more frequently as a result of unrecognized 
proximal disease remains unclear. There are, however, sev-
eral studies that have reported recurrence rates following 
laparoscopic ileocolic resection. In one study, the long-term 
follow-up results (mean 39 months) of 32 patients over 
7 years who underwent a laparoscopic ileocolic resection 
were compared to 29 patients undergoing open resection. 46 
The rate of Crohn’s recurrence was high but similar in both 
groups (48% laparoscopic, 44% conventional) as was the 
disease-free interval (24 months). In another review of long-
term outcome, Bergamaschi et al. 47 reported the results of 39 
laparoscopic and 53 conventional ileocolic resections with a 
5-year follow-up. Recurrent disease was determined by 
patient symptoms and confirmed both radiographically and 
endoscopically in 27% of patients undergoing a laparoscopic 
procedure and in 29% of patients with a conventional resec-
tion. Interestingly, the incidence of small bowel obstruction 
was significantly less in the laparoscopic group (11% vs. 
35%, P = 0.02). This was thought to be due to less adhesion 
formation following a laparoscopic procedure. Laparoscopic 
ileocolic resection does not appear to offer any advantage 
over conventional resection with regard to symptomatic 
recurrence, but it also did not lead to a higher rate of recur-
rence or discovery of a missed lesion. There are two options 
for evaluating the small bowel to evaluate for proximal 
lesions: the bowel can be run from ligament of Treitz to the 
ileocecal valve using a “hand-over-hand” instrument evalua-
tion; alternatively, if a specimen is being removed, the small 
bowel can be evaluated manually as it can usually be exteri-
orized through a small periumbilical incision.

Laparoscopic ileocolic resection for Crohn’s disease 
appears to be safe and feasible and offers the advantages 
seen in other reports of laparoscopic colorectal procedures. 
For the inexperienced laparoscopist, the initial uncompli-
cated terminal ileal resection is an ideal procedure in which 
to gain laparoscopic experience. An initial laparoscopic sur-
vey should be performed, with a low threshold to convert 
to open if a complex case beyond the skill of the surgeon is 
encountered.

Ulcerative Colitis

There are a few small prospective randomized studies of lap-
aroscopic proctocolectomy for ulcerative colitis 56,57 but the 
vast majority of reports are prospective and retrospective case 
control studies and noncomparative reports (Tables 35-2A 
and 35-2B). 58–76 Several reasons likely account for the slow 
adoption of laparoscopic proctocolectomy including the 
steep learning curve for even segmental colectomy, the tech-
nical challenges of transverse colon resection, and unfavor-
able early reports of laparoscopic total colectomy. The 
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Table 35-2A. Early descriptive studies of laparoscopic colectomy for ulcerative colitis

Author Year No. of patients Comment

Meijerink et al.48 1999 10 Feasible, 7 for acute colitis
Marcello et al.58 2000 13 Restorative proctocolectomy, favorable results
Seshadri et al.59 2001 37 25% morbidity
Hamel et al.60 2001 21 Compared with ileocolic resection, similar morbidity and LOS
Marcello et al.61 2001 16 For acute colitis, comparative study, favorable results
Brown et al.62 2001 25 Longer op time in LAP group
Dunker et al.63 2001 35 Better cosmesis
Ky et al.64 2002 32 Single-stage procedure, good results
Bell and Seymour 65 2002 18 Total colectomy for acute colitis, seems safe
Rivadeneira et al.66 2004 23 Hand-assisted procedure reduced operative time
Kienle et al.67 2003 59 Large study, laparoscopic colon mobilization only
Nakajima et al.68 2004 16 Hand-assisted technique, favorable results

IPAA ileal pouch-anal anastomosis, EBL estimated blood loss, LOS length of stay.

Table 35-2B. Comparative studies of laparoscopic resection for ulcerative colitis

Author Year

No. of patients OP time (min) LOS (day) Morbidity (%)

CommentLAP OPEN LAP OPEN LAP OPEN LAP OPEN

Maartense et al.70 2004  30  30 210 133 10 11 20 17 SF-36 and GIQLI scores 
similar

Larson et al.71 2006 100 200 333 230  4  7 33 37 LAP faster than hand-assist 
(320 min vs. 372 min)

Zhang et al.72 2007  21  25 325 220  9 11 25 28
Benavente- 

Chenhalls 73

2008  16  16 500 382 25 44 5.3 9.9 UC and primary sclerosing 
cholangitis

Ahmed Ali et al.74 2009 253 354 91 min  
longer

2.7 days  
less

38–47 42–53 Cochrane review

Fichera et al.75 2009  73 106 335 322  8.3  7.4 Incisional hernia repair 
7.8% open vs. 0% LAP

Chung et al.76 2009  37  44 223 140  4.9  8.5 9/37 21/44 1st of 3 stage procedure, 
2nd stage earlier in LAP

earliest attempts at laparoscopic proctocolectomy showed 
longer operative time, higher blood loss, and longer hospital 
stay than matched open procedures, with no apparent benefit, 
thus discouraging this approach. 77,78 However, with advances 
in technology and experience gained with segmental resec-
tion, many groups have re-evaluated the role of laparoscopic 
total colectomy and proctocolectomy for inflammatory bowel 
disease.

Recent reports demonstrate that laparoscopic total colec-
tomy and proctocolectomy with and without ileal pouch-
anal anastomosis is technically feasible and shares the same 
advantages as seen with segmental colonic resection. Laparo-
scopic proctocolectomy has been performed in the elective 
setting, but several groups have performed laparoscopic total 
colectomy on an urgent basis for the patient with non-re-
solving acute colitis. These procedures, however, are still not 
recommended for the patient with toxic colitis.

One important potential benefit of a laparoscopic approach 
in this group of patients is a reduction in adhesions. A large 

multicenter randomized trial of an adhesion barrier (glycerol 
hyaluronate/carboxymethylcellulose bioresorbable (GHA/
CMC) adhesion barrier) used the two-stage operation model 
in ulcerative colitis to evaluate adhesions. 79 At the second 
stage, i.e., ileostomy closure, laparoscopic evaluation of 
abdominal adhesions was performed. In the control group, 
without the use of the barrier, 90% of patients had adhesions 
to the anterior abdominal wall, compared with 67% in the 
study arm. Indar et al. 80 showed in a series of 34 patients (21 
female) that after a laparoscopic approach to the first stage, 
only 32% of patients had adhesions to the anterior abdominal 
wall, and these were all flimsy, i.e., no dense adhesions. Also, 
in the 21 female patients, 15 (71%) had no adhesions to the 
adnexae, and in the six patients with pelvic adhesions, none 
had both adnexae affected. This has potential significance 
in the maintenance of fertility in young female patients, for 
whom pelvic adhesions are considered to be the most likely 
cause of reduced fecundity after operative intervention for 
ulcerative colitis.



604 T. Young-Fadok

Diverticulitis

Laparoscopic sigmoid resection remains the leading indica-
tion for minimally invasive colon resection for benign dis-
ease. The surgery is hampered by both the fibrotic changes 
associated with elective resection of recurrent disease and 
the inflammatory changes associated with acute disease. 
As surgeons acquire their laparoscopic skills, more com-
plex cases involving abscess and fistulous communications 
have been successfully completed laparoscopically. There 
are now a large number of studies evaluating laparoscopic 
surgery for diverticulitis (Tables 35-3A and 35-3B). 81–98 
These are both large case series and nonrandomized com-
parative studies with open resection. Most series report an 
operative time of 2–3 h with a conversion rate of 10–20% 
for larger series. The largest series of diverticular resection 
comes from a German multi-institutional study of 1,545 
patients accumulated over 7 years at 52 institutions. 87 The 
study demonstrated a low morbidity and mortality with an 
overall conversion rate of 6.1%. As experience increased the 
percentage of complex cases increased without significantly 
altering the morbidity or rate of conversion. High-volume 
centers performed more of the complex cases with a similar 
conversion rate to the low volume centers which performed 
less complex cases.

Nearly all comparative studies of laparoscopic to open 
sigmoid resection demonstrate a benefit for the laparoscopic 
approach including a shorter duration of ileus, shortened 
length of stay, but as in other studies, with a longer operative 
time. Early reports suggested a higher overall cost associated 
with a laparoscopic approach for diverticular resection; how-
ever, more recent studies have demonstrated a cost saving 
with the laparoscopic approach. This cost reduction has been 
noted not only in the USA, but also in European countries. It 
should be noted that these are generally the elective uncom-
plicated cases with fewer patients presenting with abscess or 
fistula formation. For more complex cases, where the opera-
tive times are longer and the rate of conversion is higher, the 
cost savings benefit of a laparoscopic approach may be lost.  

This highlights the importance of case selection when 
 considering a laparoscopic approach. Less experienced sur-
geons should consider an early conversion of complicated 
diverticular resection or potentially an alteration in the 
approach to a hybrid approach where the difficult pelvic 
dissection can be guided by the hand laparoscopically or by 
conventional means through the open wound. 99,100

One of the more recent areas of interest – and concomi-
tant controversy – involves the use of laparoscopic lavage 
and placement of drains for purulent peritonitis secondary 
to perforated diverticulitis. Following early sporadic reports, 
one of the earliest large series was from Winters’ group in 
Dublin. Myers et al. 101 reported the results of a prospective 
multi-institutional study of 100 patients. Patients with perfo-
rated diverticulitis causing generalized peritonitis underwent 
attempted laparoscopic peritoneal lavage. The Hinchey grad-
ing system was used to record the degree of peritonitis. The 
median age was 62.5 years, with a male:female ratio of 2:1. 
Eight patients with grade 4 (feculent) diverticulitis were con-
verted to open Hartmann’s procedure. Laparoscopic lavage 
was performed in the other 92 patients, with morbidity and 
mortality rates of 4 and 3%, respectively. Two patients devel-
oped a pelvic abscess postoperatively, requiring intervention. 
Only two patients presented with recurrent diverticulitis at 
a median follow-up of 36 months. The authors concluded 
that laparoscopic management of perforated diverticulitis 
with generalized (purulent) peritonitis is feasible, with a low 
recurrence risk in the short term.

Franklin et al. 102 reported 40 patients undergoing lap-
aroscopic lavage and placement of drains in complicated 
diverticulitis and diverticulitis without fecal peritonitis. The 
average operative time was 62 min and there were no con-
versions. Just over 50% underwent elective interval sigmoid 
colectomy, and none of the remaining patients required sur-
gical intervention after 96 months follow-up. The authors 
note that this approach avoids a colostomy, allows elective 
interval sigmoidectomy, and was associated with minimal 
morbidity. They went as far as to state that the approach 
should be considered the standard of care. Alamili et al. 103 

Table 35-3A. Descriptive series of laparoscopic resection for diverticulitis

Study Year N Mortality (%) Morbidity (%) Conversion (%) OR time (min) a
Resume  

diet (day) a
Flatus/BM  

(day) a LOS (day) a

Eijsbouts et al.81 1997 41 0 18 15 195 NA NA  6.5
Stevenson et al.82 1998 100 0 21 8 180 2 2 4
Tuech et al.83 2000 77 0 17 14 NA NA NA NA
Trebuchet et al.84 2002 170 0  8.2  4.1 141 3.4 NA  8.5
Bouillot et al.85 2002 179 0 15 14 223 3.3 2.5  9.3
Pugliese et al.86 2004 103 0  8 3 190 NA 4  9.7
Schneidbach et al.87 2004 1,545 0.4 17  6.1 169 NA NA NA
Pessaux et al.88 2004 582 1.2 25 NA NA NA NA NA
Schwandner et al.89 2005 363 0.6 22  6.6 192 2.8 4.0 11.8
Jones et al.90 2008 500 0.2 11 8–1.5 120 NA NA 4

OR operating room, BM bowel movement, LOS length of stay, NA not available.
aMedian or mean values listed.
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performed a review of the literature which included eight 
studies, none randomized, reporting 213 patients with acute 
complicated diverticulitis managed by laparoscopic lavage. 
Mean age was 59 years and most patients had Hinchey stage 
III disease. Conversion to laparotomy occurred on 6 patients 
(3%) and the complication rate was 10%. Mean hospital stay 
was 9 days. After mean follow-up of 38 months, 38% under-
went elective sigmoid resection. Potential benefits were 
acknowledged, but larger studies were recommended.

Rectal Prolapse

Full-thickness rectal prolapse repaired by an abdominal fixa-
tion procedure is potentially an ideal procedure for a lap-
aroscopic approach since there is no specimen to remove or 
anastomosis to create. Early reports were primarily technical 
descriptions of the procedure. 104–109 A large number of stud-
ies have evaluated not only laparoscopic fixation procedures 
but also the combination of sigmoid resection and rectopexy 
for the treatment of rectal prolapse (Table 35-4). 110–125 The 
magnified view into the pelvis with the laparoscope provides 
unparalleled visualization of the pelvic floor and the relative 
laxity of the rectal fixation to the presacral area is beneficial 
to performance of a laparoscopic procedure. This likely is 
the reason for the relatively low rate of conversion (<10%) 
for a laparoscopic rectopexy or resection and rectopexy in 
comparison to other laparoscopic colorectal procedures. The 
mobilization of the rectum for rectal prolapse is an ideal pro-
cedure in which to learn the laparoscopic technique of rectal 
mobilization which may then be applied to other procedures 
such as laparoscopic proctocolectomy or total mesorectal 
excision for rectal cancer.

In addition to case series results there have been several 
nonrandomized comparative studies of laparoscopic vs. con-
ventional rectopexy and resection rectopexy. 114,115,121 These 
studies showed a longer operative time of 45–60 min with 
the laparoscopic procedures but with a shortened length of 
stay of 2–3 days. Functional results following surgery were 
similar in laparoscopic and conventional groups, with the 
majority of patients reporting an improvement in inconti-
nence and constipation. Solomon also reported a prospective 
randomized study of 40 patients with full-thickness rectal 
prolapse. 120 This was a well-designed study with the use 
of blinded observers, and a standardized clinical pathway 
for both groups. As expected, the mean surgical time was 
153 min in the laparoscopic group compared to 102 min in 
the open group (P < 0.01). In the laparoscopic group, how-
ever, 75% of patients followed the clinical pathways as com-
pared to only 37% of patients in the conventional group. 
The mean length of stay was also less (3.9 days vs. 6.6 days, 
P < 0.01) with 19/20 patients in the laparoscopic group dis-
charged by postoperative day 5 as compared to 9/19 patients 
in the conventional group. There were no differences in post-
operative pain scores but total intravenous narcotic usage 
was less in the laparoscopic group. Functional outcomes of 

surgery were equivalent, and there were no recurrences of 
prolapse in either group with a short mean follow-up of 24 
months. While the study is small in size, the outcomes mirror 
the results of other prospective randomized studies of lap-
aroscopic surgery for other diseases and procedures. A later 
cost analysis of this study demonstrated an overall mean cost 
savings of ₤357 per patient in the laparoscopic group. 126

One of the major issues when discussing surgery for rectal 
prolapse is the rate of recurrent prolapse. For an abdominal 
approach the risk of recurrence should be less than 5–10% 
over 5 years. Unfortunately, the majority of reports on lap-
aroscopic surgery for rectal prolapse have limited follow-up 
(less than 3 years). The reported rate of recurrence ranges 
from 0 to 6% in these studies (Table 35-4). Recently, how-
ever, there have been two studies with a mean follow-up of 
5 years. 122,124 In a study of 42 patients by D’Hoore et al., 122 
with a mean follow-up of 61 months, the rate of recurrent 
prolapse was 4.8%. In the largest study of laparoscopic sur-
gery for rectal prolapse by Ashari et al. 124, with 117 patients 
over a 10 year period and a mean follow-up of 62 months, 
the rate of recurrent full-thickness prolapse was only 2.5%. 
The study, however, noted an 18% rate of mucosal prolapse, 
which is somewhat concerning. Further long-term follow-up 
of these patients is needed to ensure that the rate of recur-
rence remains acceptable. If the rate of recurrent prolapse is 
confirmed to occur at a rate equal to conventional surgery, a 
minimally invasive approach to rectal prolapse appears to be 
an ideal operation for surgeons with laparoscopic skills.

One of the concerns regarding rates of recurrent prolapse is 
reflected in a study comparing three techniques for rectopexy: 
open (OR), laparoscopic (LR), and robotic rectopexy (RR). 127 
All consecutive patients who underwent a rectopexy over a 
7-year period were enrolled in the study. Eighty-two patients 
(71 females, mean age 56.4 years) underwent a rectopexy for 
rectal prolapse. Nine patients (11%) had a recurrence; one 
(2%) after OR, four (27%) after LR, and four (20%) after 
RR. RR showed significantly higher recurrence rates when 
controlled for age and follow-up time compared to OR 
(P = 0.027), while LR showed near-significant higher rates 
(P = 0.059). It was concluded that LR and RR were adequate 
procedures but have a higher risk of recurrence. A RCT was 
proposed to assess the definitive role of robotic assistance in 
laparoscopic surgery in rectopexy. This study raises concerns 
regarding the completeness of rectal mobilization whether 
performed laparoscopically or with robotic assistance. While 
there is much interest in utilizing the rather spectacular tech-
nical abilities of the robot, the device does not compensate 
for lack of advanced laparoscopic surgical skills.

Colorectal Cancer

It is estimated that more than 106,100 new cases of colon 
cancer (52,010 in males and 54,090 in females) and 40,870 
new cases of rectal cancer (23,580 males, 17,290 females) 
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were diagnosed in the USA in 2009. 128 Despite the fact that 
colon and rectal cancer together comprise the second most 
frequent cause of cancer death, the commonest source of 
cancer statistics128  does not break out the mortality rates for 
each cancer type, resulting in 49,920 deaths for the combined 
groups (25,240 males, 24,680 females).

Prior to 2004, fewer than 5% of resections for colon and 
rectal cancer were being performed laparoscopically. There 
are no good sources for estimating current figures although 
approximately 30% of candidates for recertification for the 
American Board of Colon and Rectal Surgery (ABCRS) 
denote that they perform “some” laparoscopy. Early in 
the history of laparoscopic resection of colorectal cancer 
there was controversy related to the phenomenon of cancer 
implants at incision sites. Data from randomized controlled 
trials, however, have laid to rest these controversial aspects 
of the minimally invasive approach. The percentage of colon 
cancer cases performed laparoscopically is expected to 
increase, as more surgeons become familiar with these tech-
niques, and especially as young surgeons graduate from col-
orectal fellowships with advanced laparoscopic skills. The 
issue of laparoscopic resection for rectal cancer is still unre-
solved. The American College of Surgeons Oncology Group 
(ACSOG) is sponsoring the ongoing study of laparoscopic 
vs. open resection for rectal cancer for advanced rectal neo-
plasms requiring preoperative chemoradiation.

Outcomes for Colon Cancer

After the initial success of minimally invasive techniques for 
cholecystectomy, reports of laparoscopic colon resections 
soon appeared. 129 Sadly, the specter of wound implants, or 
recurrence of cancer in the laparoscopic incisions, followed 
shortly thereafter. 130 In retrospect, it appears that as surgeons 
attempted to bring the benefits of minimally invasive tech-
niques to their patients, some were performing operations 
for colon cancer that did not fulfill accepted oncologic prin-
ciples, i.e., short-cuts were being taken with the extent of 
resection. Subsequent larger series by experienced surgeons 
showed that wound implants were not an inevitable accompa-
niment of the laparoscopic approach, 131 but the damage was 
done. From 1994 to 2004, there was essentially a moratorium 
on laparoscopic resection for colon cancer, with national sur-
gical societies, such as The American Society of Colon and 
Rectal Surgeons (ASCRS) and the Society of American Gas-
trointestinal and Endoscopic Surgeons (SAGES) calling for 
these procedures to be performed only under the auspices of 
randomized controlled trials or with other means of careful 
prospective data collection. 132 These concerns prompted an 
unprecedented number of randomized controlled trials 5,6,21–

24,133–136 and a new field of tumor and immunology investiga-
tion as they pertain to the pneumoperitoneum.

Lacy and colleagues 134 published the first large single-
center randomized controlled trial in 2002. With median fol-
low-up of 39 months, he and his colleagues reported higher 

cancer-related survival for the laparoscopic arm. Specifically, 
he showed no difference between arms for stage II cancers, 
but an improved survival for the laparoscopic approach in 
stage III cancers where the outcome was similar to that of 
stage II patients.

This was followed in 2004 by the results of the large 
multicenter COST study group. 29 With almost 900 patients 
randomized either to the open or the laparoscopic arm of 
the study, no differences were found in overall survival nor 
disease-free survival. Further reassurance was provided in 
finding that there were only two wound recurrences in the 
laparoscopic group, and one in the open arm.

The “CLASICC” trial from the United Kingdom included 
both colon and rectal cancers. The findings were similar, 
except for a rather spectacularly high rate of conversion, at 
29%. 5 Those results were updated more recently in 2007. 135 
Concerning issues from that trial were the very high conver-
sion rate, the rate of positive radial margins in patients under-
going resection for rectal cancer (in both the laparoscopic 
and the open arms), and the 20% reduction in survival in 
patients undergoing abdominoperineal resection compared 
with low anterior resection. This raises very realistic con-
cerns regarding technical issues.

The COLOR (COlon cancer Laparoscopic or Open Resec-
tion) trial was performed as a multicenter randomized trial at 
37 centers throughout Europe. 6 The study accrued patients 
from 1997 to 2003 and there were several interim reports 
regarding accrual and outcomes compared with operative 
volumes, but the long-term oncologic outcomes were not 
reported until 2009, and even then only 3 year outcomes 
were reported. 136

The results of these four trials are summarized in Table 35-5. 
Interestingly, all four studies reported the overall survival 
rates and disease-free survival rates for the entire study, but 
none actually reported the stage-specific rates. The values in 
the table have been obtained manually by extracting the data 
from graphs presented within the manuscript, and thus may 
have an error of 1–3% depending on the accuracy of repro-
duction and the thickness of the lines used within the graph.

The results of these trials (Table 35-5) have demonstrated 
that similar oncologic resections can be achieved by expe-
rienced surgeons performing laparoscopic colon resections. 
After publication of the COST study results, ASCRS and 
SAGES co-published an approved statement, that laparo-
scopic colectomy for cancer appeared to produce similar 
oncologic outcomes, but emphasized that these procedures 
should only be attempted by surgeons experienced with lap-
aroscopic techniques. 137

Outcomes for Rectal Cancer

Surgical resection of rectal cancer has the potential to 
achieve a curative result. Total mesorectal excision (TME) 
is currently the standard of care, minimizing the risk of local 
recurrence and providing accurate information regarding 
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Table 35-5. Prospective, randomized trials comparing laparoscopic and conventional surgery for colorectal cancer

Lacy et al. 2002134 COST 200429 CLASICC 2005135 COLOR 2009136

Baseline characteristics LAP vs. OPEN LAP vs. OPEN LAP vs. OPEN LAP vs. OPEN

No. assigned 111:108 435:437 526:268 627:621
No. completed (dead or no data) 105:101 435:428 452:231 (74:37) 534:542 (83:70)
Age 68:71 70:69 69:69 71:71
Gender (F) 55:58 49%:51% 44%:46% 48%:47%
Previous surgery 40:47 43%:46% 38%:38%
BMI 24.5:24.9

Operative findings
Procedure
 Right 49:49 54%:54% 24%:24% 48%:47%
 Left 4:1 7%:7% 7%:9% 11%:11%
 Sigmoid 52:46 38%:38% 13%:12% 38%:39%
 AR/LAR 3:9 37%:36%

12%:13%
 Other 3:3 4%:3% 4%:4%
TNM stage
 0 5%:8% Not given
 I 27:18 35%:26% 24%:25%
 II 42:48 31%:34% 43%:41%
 III 37:36 26%:28% 33%:34%
 IV 5:6 4%:2%
No. lymph nodes 11.1:11.1 12:12 12:13.5
Conversion 12 (11%):N/A 21%:N/A 29%:N/A 19%:N/A
OR time (min) 142:118a 150:95a 180:135 (anesthesia time)
Incision length (cm) 6:18a 10:22
Short-term outcomes
 Oral intake (h) 54:85 a

      (day) 6:6
 Hospital stay (day) 5.2:7.9 a 5:6a 9:11
 30-Day mortality <1%:1% 4%:5%
Postoperative complications 12:31a 19%:19% 33%:32% 21%:20%

Colon Rectum
 Wound infection 8:18 5%:5% 13%:12% 4%:3%
 Pneumonia 0:0 7%:4% 10%:4% 1%:2%
 Ileus 3:9
 Leak 0:2 2%:0% 10%:7% 3%:2%
Duration of oral analgesics (day) 1:2a

Duration of parenteral analgesics (day) 3:4a

Cancer outcomes
Tumor recurrence 18:28 76:84
 Distant 7:9 56:54
 Locoregional 7:14 26:26
 Peritoneal seedling 3:5
 Port site 1:0 2:1 9 (2.5%):1 (0.6%) 7 (1.3%):2 (0.4%)
5-Year overall survivalb 82%:74% 79%:78% 3-Year reported 68.4%:66.7% 3-Year reported 

81.8%:84.2%
 I 85%:94% 84%:94% No graphs by TNM stage 84%:82%
 II 75%:77% 78%:81% No graphs by TNM stage 78%:82%
 III 72%:45% 60%:63% No graphs by TNM stage 62%:57%
5-Year disease-free survivalb 78%:80% 3-Year reported 66.3%:67.7% 3-Year reported 

74.2%:76.2%
 I 90%:88% 92%:96% No graphs by TNM stage 80%:77%
 II 80%:76% 82%:88% No graphs by TNM stage 70%:75%
 III 70%:45% 62%:60% No graphs by TNM stage 58%:55%
Cancer-related survivalb 91%:79%a

 I 100%:99%
 II 88%:85%
 III 84%:50%a

a Statistically significant difference.
b Extrapolated from graphs in manuscript.
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staging, that affects prognosis and subsequent therapy. The 
surgical integrity and pathologic staging of the resection is 
the most important prognostic factor in preventing recurrent 
rectal cancer. Laparoscopic resection of rectal cancer must 
achieve at least equivalent oncologic results in comparison 
with open laparotomy and TME prior to becoming an estab-
lished means of resection.

Early prospective studies, from experienced surgeons, sug-
gested that laparoscopic resection did not worsen survival or 
disease control in patients with rectal cancer compared with 
open resection. 138–141 There were limited early data available 
from randomized controlled trials. An early study by Leung 
et al. 142 evaluated laparoscopic vs. open resection for recto-
sigmoid cancer, so this was not a trial of TME. A total of 403 
patients were accrued between 1993 and 2002, 203 in the 
laparoscopic arm and 200 open. The probability of survival 
at 5 years for the laparoscopic and open resection groups 
were 76.1 and 72.9%, respectively. Five-year disease-free 
survival rates were 75.3 and 78.3%, respectively. The opera-
tive time for the laparoscopic group was significantly longer, 
whereas postoperative recovery was significantly better than 
for the open resection group. These benefits, however, were 
at the expense of higher direct cost. Reassuringly, the distal 
margin, the number of lymph nodes found in the resected 
specimen, overall morbidity, and operative mortality did not 
differ between groups.

The first randomized trial to provide outcomes for rectal 
cancer was not reassuring at all. 4,135 The CLASICC random-
ized controlled trial in the UK differed from its contempo-
raneous trials (COST, COLOR) in that patients with both 
colon cancer and rectal cancer were included. The study 
enrolled 268 patients to the open arm, of which 128 (48%) 
had rectal cancer, and 526 patients to the laparoscopic arm, 
of whom 253 (48%) had rectal cancer. The conversion rate 
for the study overall was 29%, with a 25% conversion rate 
for colon cancer and 34% for rectal cancer. The conversion 
rate dropped by year of the study, from 38% in year 1 to 
16% in year 6 of the study. Operative time was longer for the 
laparoscopic rectal resections (180 min vs. 135 min), time to 
bowel movement shorter (5 days vs. 6 days), time to regular 
diet the same (6 days), and hospital stay shorter (11 days vs. 
13 days). It was noted that the rate of positive circumfer-
ential resection margins (CRM) was the same between the 
two groups, but a closer look at the data is very disturbing. 
The CRM was positive in 14% of open patients and 16% 
of laparoscopic patients (P = 0.8). Admittedly, these are not 
significantly different but the fact they are not different is not 
reassuring as the rate in the open group is hardly acceptable! 
In the low anterior resection group, it was noted that there 
was a nonsignificant trend toward a higher positive CRM 
rate in the laparoscopic group (12% vs. 6%, P = 0.19). It was 
noted that no difference was seen in CRM positivity in the 
abdominoperineal group, but again the actual figures are far 
from reassuring with a 20% (10/49) positive rate in the open 
group vs. 26% (7/27) in the laparoscopic group.

Thus although the reports of the randomized controlled 
trials for colon cancer were reassuring, the CLASICC trial 
raised concerns regarding the application of laparoscopic 
techniques for rectal cancer. The fact that there were also 
high rates of CRM positivity in the open cases raised the 
issue of technical competence in the CLASICC trial, and 
deflected some of the attention away from the laparoscopic 
technique itself. Fortunately, overall, there were no differ-
ences in the long-term outcomes in the follow-up report of 
oncologic outcomes. 135 There was no statistically significant 
difference in 3-year overall survival for patients undergo-
ing anterior resection (AR) or abdominal perineal resection 
(APR) in either technique group (AR-open 66.7%, laparo-
scopic 74.6%; APR-open 57.7%, laparoscopic 65.2%.) The 
higher positivity of the circumferential resection margin 
reported after laparoscopic anterior resection did not trans-
late into an increased incidence of local recurrence. There 
was no difference in 3-year local recurrence rates after ante-
rior resection of rectal cancer (7% open, 7.8% laparoscopic) 
or abdominoperineal resection of rectal cancer (21% open, 
15% laparoscopic).

Numerous single-institution prospective case series have 
since supported the safety and efficacy of laparoscopic 
resection of rectal cancer in experienced centers and experi-
enced hands. 143–147 Ng et al. 148 reported short-term outcomes 
and long-term survival in a large single-institution series 
of 579 patients undergoing laparoscopic resection for rec-
tosigmoid and rectal cancer. Rectosigmoid and upper rectal 
cancers (12–18 cm from the anal verge), both undergoing 
low anterior resection, were grouped together for the sub-
sequent analysis. Patients with tumors in the mid-rectum 
(7–12 cm from the anal verge) underwent sphincter-preserv-
ing TME. Patients with low-rectal tumors (<7 cm from the 
anal verge) underwent either TME or APR. Over a 15-year 
period, there were 316 laparoscopic anterior resections, 
152 sphincter-preserving TME, and 92 laparoscopic APRs. 
Median follow-up was 56 months. Overall, early and late 
operative morbidity rates were 18.8 and 9.7%, respectively. 
The anastomotic leak rate was 3.5% (n = 20). Conversion 
occurred in 31 patients (5.4%). Port site recurrence was 
seen in 0.4% of patients (1 laparoscopic anterior resection, 
1 laparoscopic TME) and locoregional recurrence in 7.4% 
of patients. Microscopic resection margin involvement was 
identified in 6 laparoscopic TME and in 2 laparoscopic APR. 
Overall 5- and 10-year survival rates were 70 and 45.5%, 
and cancer-specific 5- and 10-year survival rates were 75 and 
56%, respectively. Of note, patients in the anterior resection 
group were not stratified by tumor location, so the number of 
patients with rectosigmoid vs. upper rectal cancer is unclear. 
The authors concluded that laparoscopic resection for rec-
tal cancer is safe and offers long-term oncologic outcomes 
equivalent to those of open resection.

In a retrospective study of 421 patients comparing out-
come between open (310 patients) and laparoscopic (111) 
resection for stage II and stage III rectal cancer, Law et al. 149 
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reported 5-year actuarial survival rates of 71.1% vs. 59.3% 
in the laparoscopic vs. open arms, respectively (P = 0.029), 
after a median follow-up of 34 months. There was no differ-
ence in local recurrence. Laparoscopic resection was associ-
ated with decreased blood loss (200 ml vs. 350 ml, P < 0.001) 
and shorter hospital stay (7 days vs. 9 days, P < 0.001). The 
conversion rate was 12.5%. On multivariate analysis, lap-
aroscopic resection was an independent factor associated 
with improved survival (P = 0.03, hazards ratio 0.558 [95% 
confidence interval, 0.339–0.969]). There was, however, 
no breakdown of the number of stage II vs. stage III rectal 
cancer patients. The study concluded that compared to open 
resection, laparoscopic resection for locally advanced rectal 
cancer is associated with more favorable overall survival.

Thus in these large retrospective and prospective single- 
institution studies, the data consistently demonstrate improved 
early postoperative outcomes with no negative impact on 
oncologic outcomes, and even improved oncologic outcomes 
in some series. Interestingly, the potential for improved 
TME specimens has been demonstrated in an elegant study 
by Gouvas et al. 150 in 39 open and 33 laparoscopic proctec-
tomies.

A more recent single-institution randomized controlled 
trial was reported by Lujan et al. 151 After neoadjuvant 
chemoradiation, 204 patients with mid- and low-rectal can-
cer were randomized to open (103) or laparoscopic resection 
(101). Sphincter preservation rates were not different, 78.6 
and 76.2% in the open and laparoscopic group, respectively. 
Complication rates and involvement of CRM rates were 
similar, but the lymph node retrieval rates were greater in the 
laparoscopic group (mean 13.6 vs. 11.6). There were no dif-
ferences in oncologic outcomes in terms of local recurrence, 
disease-free, or overall survival.

Concerns still remained regarding the applicability of 
laparoscopic techniques for rectal cancer outside highly 
specialized, high-volume institutions. For this reason, there 
are several multicenter randomized trials in various stages 
of accrual. In the USA, a prospective, multicenter random-
ized trial was established to determine the feasibility, repro-
ducibility, and oncologic applicability of minimally invasive 
techniques in the resection of rectal cancer. 152 This study is 
currently accruing patients under the auspices of the ACO-
SOG Study AZ6051.153 The primary objective of the trial is 
to test the hypothesis that laparoscopic resection of rectal 
cancer is not inferior to open resection. Outcomes being 
measured are based on a composite primary endpoint of 
oncologic factors which are considered to indicate a safe 
and feasible operation. These parameters are circumferential 
margin >1 mm; distal resected margin >2 cm (or >1 cm with 
clear frozen section in the low rectum); and completeness 
of TME, defined by careful evaluation by an experienced 
pathologist. Secondary objectives are to assess patient-
related benefit of laparoscopic-assisted vs. open rectal resec-
tion (blood loss, length of stay, pain medicine utilization); 
to assess disease-free survival and local pelvic recurrence at 

2 years; and to assess quality of life, sexual function, bowel 
and stoma function.

The UK MRC CLASICC trial 5,135 is close to reporting 
its mature 5-year data. The Japan Clinical Oncology Group 
Study JCOG 0404, 154 which has been evaluating laparoscopic 
surgery for colorectal cancer, was activated in October 2004 
and is also close to reporting its long-term data. At present, 
the European Colon Cancer Laparoscopic or Open Resection 
(COLOR) II trial COLOR II is a randomized, international, 
multicenter study comparing the outcomes of laparoscopic 
and conventional resection of rectal carcinoma with curative 
intent. 155 Prior to its start, a feasibility study is to be performed 
with the objective of controlling for quality of laparoscopic 
TME. The primary endpoint is locoregional recurrence at 
3 years. Secondary endpoints are recurrence-free and overall 
survival at 3, 5, and 7 years, rate of distant metastases, port 
site and wound site recurrences, microscopic evaluation of 
the resected specimen, 8 week morbidity and mortality, quality 
of life, and cost.

Given limited prospective data, laparoscopic resection 
for rectal cancer remains investigational in the USA. 156 
Although it is performed in some specialist centers by expe-
rienced surgeons, open surgical resection is still the standard 
of care in most hands, and the role of laparoscopy is yet to be 
confirmed. Studies consistently show improved short-term 
outcomes, such as quicker recovery times, shorter hospital 
stays, and reduced analgesic requirements, but these are at 
the price of longer operative times and higher overall costs. 
Careful patient and tumor selection are essential. Mature 
5-year data are pending from the MRC CLASICC and the 
JCOG 0404 trials. The European COLOR II trial and the 
ACOSOG-Z6051 trial, specifically comparing outcomes of 
laparoscopic-assisted and open resection for rectal cancer, 
are under way but far from reporting results.

Laparoscopic Resection of Colon  
and Rectal Cancer

The following description regarding the safe performance of 
laparoscopic resection for curable colon and rectal cancer is 
based on current literature and experience. The attention to 
technical detail is in response to the early concerns regarding 
oncologic outcomes. It is predicated on the understanding 
that patients with curable colon and rectal cancer are treated 
by experienced surgeons whose minimally invasive skills 
fulfill the Credentialing Recommendations endorsed jointly 
by ASCRS and SAGES. 137

General Considerations

Following detection of a colon or rectal cancer, routine 
evaluation incorporates preoperative staging, assessment of 
resectability, and determination of the patient’s operative 
risk. As part of this assessment, a laparoscopic approach 
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may be  contemplated. There are several factors to consider, 
primarily in terms of gauging the difficulty of the procedure 
and the likelihood of being able to perform it laparoscopi-
cally. The site of the tumor is important, as right and sigmoid 
colectomy are generally less technically demanding than, for 
example, low anterior resection. Documented extensive adhe-
sions may preclude a minimally invasive approach, although 
laparoscopic resection is frequently possible in patients who 
have had prior abdominal operations. Obesity, and particu-
larly the distribution of abdominal fat, may preclude lap-
aroscopic resection, especially in the case of a rectal cancer 
in an obese male patient with a narrow pelvis. The patient 
should be informed of both laparoscopic and open alterna-
tives, and the possible need for conversion. Above all, the 
surgeon must have adequate experience prior to embarking 
on resection for a potentially curable malignancy. Patients 
are increasingly sophisticated regarding their health care, 
and the surgeon must be prepared to answer questions about 
experience with the procedure.

Tumor Localization

The entire colon and rectum should be evaluated to elimi-
nate synchronous lesions. 157,158 This is usually achieved with 
colonoscopy, but this has limitations in terms of localiza-
tion, particularly if a minimally invasive approach is being 
considered. Colonoscopy is most accurate for localization of 
a tumor in the rectum and cecum only. Lesions elsewhere 
in the colon may be inaccurately localized by colonoscopy 
in up to 14% of cases. 159 A laparoscopic approach requires 
accurate localization of the tumor to a specific segment of 
the colon, as even a known cancer may not be visualized 
from the serosal aspect of the bowel during laparoscopy. The 
wrong segment of colon may be removed if accurate local-
ization has not been performed. 160

A variety of other options are available to localize a 
lesion including, preoperative colonoscopic marking with 
ink tattoo or metallic clips, barium enema, or intraoperative 
endoscopy. The area adjacent to a cancer or polyp may be 
marked either by endoscopic clips or submucosal India ink 
injection. If clips are placed, immediate abdominal X-rays 
films should be taken; otherwise, intraoperative imaging 
with laparoscopic ultrasound or fluoroscopy is necessary to 
localize the clip’s location. This procedure is not commonly 
employed since it requires an experienced radiologist and/or 
endoscopist. Preoperative endoscopic tattooing is a common 
method of tumor localization. 161,162 India ink is a nonabsorb-
able marker which has been reported in more than 600 cases 
for tumor localization since 1975. The ink is injected into the 
submucosa in three or four quadrants around the lesion, or 
2 cm distal to the lesion if the tumor is in the distal colon and 
distal margins are potentially an issue (typically, 0.5 cc per 
site). During diagnostic laparoscopy the ink marking can be 
identified even at the flexures or transverse colon. India ink 
injection appears to be safe with few reported  complications. 

Intraoperative endoscopy is hampered by persistent bowel 
distention, prolongation of operative times, and need for 
equipment and endoscopist intraoperatively. More recent 
studies have evaluated CO

2
 colonoscopy which allows for 

more rapid absorption of the intracolonic gas which may 
facilitate its use during laparoscopic procedures. 163

Preoperative Staging

Guidelines are available for standard practices in preoperative 
assessment for open resection of colon or rectal cancer. 164,165 
There are additional considerations with a laparoscopic 
approach to ensure accurate staging of the liver. In patients 
with colorectal cancer the liver should be thoroughly evalu-
ated either using computed tomography with intravenous 
contrast, ultrasound, or magnetic resonance imaging. Due to 
limitation in tactile sensation associated with laparoscopy, 
these studies should be performed preoperatively. Alterna-
tively, intraoperative laparoscopic ultrasonography offers 
the ability to fully evaluate the liver at the time of colorectal 
resection. Several studies have confirmed the feasibility and 
efficacy of laparoscopic ultrasound in the evaluation of liver 
metastasis from colorectal cancer. 166–168 Preoperative CT or 
US was a requirement of the COST randomized controlled 
trial.29 No excess of stage IV disease was noted in the laparo-
scopic arm, suggesting that routine preoperative evaluation 
of the liver was equivalent in terms of oncologic outcome 
to palpation of the liver intraoperatively in the open arm of 
the study.

These considerations do not apply to rectal cancer, where 
staging CT scan and transanal rectal US should be rou-
tine. 165,169 Preoperative CT of the abdomen and pelvis or 
hepatic US are routinely utilized in planning resection of rec-
tal cancer, as the results may markedly alter the need for neo-
adjuvant therapy and the timing of the operative approach.

Perioperative Preparation

Perioperative guidelines address the use of outpatient bowel 
preparation, prophylactic antibiotics, blood cross matching 
and thromboembolism prophylaxis. 164 None of these aspects 
of patient care are affected by a laparoscopic approach, 
although some surgeons prefer to modify the bowel prep-
aration. Despite lack of clear evidence of benefit from 
meta-analysis 170 and randomized controlled trials, 171–175 a 
mechanical bowel preparation is commonly used in North 
America. Aside from the aesthetic aspects, an empty colon 
facilitates manipulation of the bowel with laparoscopic instru-
ments. Use of large volume mechanical bowel preparations 
may occasionally leave fluid-filled loops of small bowel that 
are more difficult to handle with laparoscopic instruments.  
A smaller volume preparation may be used or the large vol-
ume preparation may be followed by use of laxatives such as 
bisacodyl to reduce the volume of residual fluid. Some sur-
geons use 2- to 3-day periods of preparation rather than the 
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usual 24 h, especially if a completely laparoscopic approach 
and intracorporeal anastomosis is contemplated. 176

Operative Issues

Certain operative principles pertain specifically either to the 
colon or to the rectum. Other issues are relevant to both.

Operative Techniques: Colon

Oncologic principles must not be compromised by a lap-
aroscopic resection for colon cancer. Guidelines for colon 
cancer surgery outline recommendations for: proximal and 
distal resection margins (based upon the area supplied by 
the named feeding arterial vessel); mesenteric lymphadenec-
tomy containing a minimum of 12 lymph nodes; and ligation 
of the primary feeding vessel at its base. 177 The randomized 
trials of laparoscopic colectomy adhered to these standard 
principles 5,29,134,136 and showed no significant difference in 
bowel margins, lymph nodes harvested, and, in the COST 
study, perpendicular length of the mesentery (a guide to the 
length of the vascular pedicle). 29 Inability to achieve these 
aims laparoscopically should prompt conversion to an open 
procedure.

These principles guide which steps of a procedure per-
formed for cancer may be completed intracorporeally or 
extracorporeally. In the individual with a normal body mass 
index (BMI) undergoing right colectomy, it may be possible 
to divide the origin of the ileocolic pedicle extracorporeally 
using a small periumbilical extraction incision which overlies 
the base of the pedicle, and achieve an oncologically correct 
proximal ligation; intracorporeal ligation is obviously also 
an acceptable approach. In patients with BMI > 25, this liga-
tion should be performed intracorporeally to ensure the base 
of the pedicle is ligated. Intracorporeal ligation is required 
for proximal division of all other vessels unless a larger inci-
sion such as used for hand-assisted devices permits access 
via the incision to the origin of the vascular pedicle.

Operative Techniques: Rectum

Similar guidelines exist for oncologically appropriate open 
rectal cancer surgery, with levels of evidence and grades 
of recommendation. 165,169 These include a distal margin of 
1–2 cm, removal of the blood supply and lymphatics up to 
the origin of the superior rectal artery (or inferior mesenteric 
artery if indicated), and appropriate mesorectal excision with 
radial clearance. Again, these principles of adequate clear-
ance of the primary tumor and supporting tissues should not 
be compromised by a laparoscopic approach.

There is little data from randomized trials evaluating lap-
aroscopic resection of rectal cancer. 5,142,151 Current opinion 
among laparoscopic experts is that the principles outlined 
apply equally to laparoscopic as to open procedures. Pro-
spective and retrospective case series 138–141,143–149,178–181 indi-
cate that laparoscopic rectal resection is possible in selected 

patients. Compared with colonic resection, additional 
 technical challenges are associated with operating within the 
confines of the pelvis. Multiple factors affect feasibility of 
an oncologically adequate laparoscopic resection for rectal 
cancer: tumor factors such as bulkiness, proximal or distal 
location; and patient factors, e.g., width of the pelvis, obe-
sity, presence of a bulky uterus, and obscuration of tissue 
planes by prior radiation. Inability to perform an appropriate 
resection should prompt conversion.

Contiguous Organ Attachment

En bloc resection is recommended for locally advanced 
adherent colorectal tumors. 177 A bulky tumor invasive into 
an adjacent organ may be detected by preoperative imag-
ing, such as CT scan, and guide the recommendation for 
an open resection. A known T4 colonic cancer will prompt 
an open approach in the vast majority of cases, 177 although 
some experienced surgeons may complete en bloc resection 
of involved small bowel or abdominal wall laparoscopically. 
If a T4 lesion is discovered intraoperatively, conversion is 
indicated unless the surgeon is capable of performing en bloc 
resection.

Prevention of Wound Implants

Port site recurrences, or wound implants, have been reported 
at both extraction site and trocar site incisions. 130,182 This 
unanticipated phenomenon has prompted extensive investi-
gation. Current consensus is that wound implants should be 
kept at a rate less than 1% by correct oncologic technique 
and experience.

In vitro and in vivo animal models, not clinical practice, 
have generated most recommendations for avoidance of 
wound implants. Avoidance of the pneumoperitoneum and 
alternative gases has been evaluated. Gasless laparoscopy 
has shown decrease in port site metastases, 183,184 and no 
effect. 185,186 Tumor growth may be proportional to insuffla-
tion pressure. 187 Carbon dioxide is associated with increased 
tumor implantation and growth, 188 but is clinically the safest 
and most widely used gas. Helium decreases tumor implants 
but is not easily adapted to the clinical setting. 189–191 Wound 
excision may either decrease 192 or increase 193 the rate of 
tumor implants.

Some experimental results are easily adapted to the clinical 
setting. The significance of aerosolization of tumor implants 
is controverisal, 194,195 but as evacuation of the pneumoperito-
neum via the ports rather than via the incision is easily per-
formed; some experts advocate this practice. 196 Gas leakage 
along loosely fixed trocars (the “chimney effect”) may be 
associated with increased cancer wound implantation 197 so 
some surgeons fix the trocars to prevent slippage. Irrigation 
of the abdominal cavity and/or trocar site incisions with a 
variety of substances (e.g., povidone-iodine, heparin, metho-
trexate, cyclophosphamide, taurolidine, and 5-fluoro-uracil) 
has decreased wound implants in animal models. 68,186,190,198–212 
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An expert panel convened by the European Association of 
Endoscopic Surgery (EAES) reported that half the members 
irrigated the port sites and all members protected the extrac-
tion site and/or extracted the specimen in a bag. 196

The most important development in the issue of wound 
implants is experience and the refinement of laparoscopic 
techniques and equipment that permit a true oncologic 
resection to be performed. Early reports of implant rates of 
2–21% 130,182 have not been reproduced in large retrospective 
series by experienced surgeons, who reported rates of 1% 
or less. 131 This is similar to the incisional recurrence rate for 
open colorectal cancer resection. 204 The multicenter random-
ized trial from the COST study group reported tumor recur-
rence in the surgical wounds in 2 of 435 laparoscopic cases 
(0.5%) and in 1 of 428 patients in the open colectomy group 
(0.2%, P = 0.50). 29 Lacy, in a single-center randomized trial, 
reported 1 implant in 111 patients for a rate of 0.9%. 134 The 
COST study required all surgeons to have performed at least 
20 colorectal resections prior to participation in the trial. 29 
The member surgeons at Lacy’s institution had extensive 
experience. In the clinical setting, the experience of the sur-
geon is considered the most important factor in the preven-
tion of implants.

Training and Credentialing  
in Laparoscopic Colorectal Surgery

In terms of technical complexity, laparoscopic colon and 
especially rectal operations are considered toward the higher 
end of the spectrum. Adequate resection mandates mobiliza-
tion of a large structure, arranging ports to facilitate dissec-
tion in several quadrants of the abdomen, ligation of large 
blood vessels, extraction of a bulky specimen, and creation 
of a safe anastomosis. Oncologic resections have the addi-
tional requirements of adequate distal and proximal margins, 
wide lymphadenectomy, ligation of the origin of the primary 
feeding vessel, and safe handling of the bowel.

Early studies estimated the learning curve for laparoscopic 
colectomy to be 20–50 cases. 1–3 The randomized, controlled 
multicenter COST study on laparoscopic vs. open colectomy 
for colon cancer required each participating surgeon to have 
performed 20 cases. 24 This was also seen in the CLASICC 
trial. 5 This figure became the basis of the Approved State-
ment from the ASCRS and endorsed by SAGES following 
the publication of the results of the COST study. 137 Since 
the results of this trial showed that the oncologic outcomes 
for laparoscopic colectomy were equivalent to those of open 
colectomy, the statement took the unusual step of defining 
a specific number of cases based on the study entry criteria. 
The following is the approved statement:

Laparoscopic colectomy for curable cancer results in equivalent 
cancer related survival to open colectomy when performed by 
experienced surgeons. Adherence to standard cancer resection 

techniques including but not limited to complete exploration of 
the abdomen, adequate proximal and distal margins, ligation of 
the major vessels at their respective origins, containment and 
careful tissue handling, and en bloc resection with negative tu-
mor margins using the laparoscopic approach will result in ac-
ceptable outcomes. Based upon the COST trial, 29 prerequisite 
experience should include at least 20 laparoscopic colorectal 
resections with anastomosis for benign disease or metastatic 
colon cancer before using the technique to treat curable cancer. 
Hospitals may base credentialing for laparoscopic colectomy for 
cancer on experience gained by formal graduate medical educa-
tional training or advanced laparoscopic experience, participa-
tion in hands-on training courses and outcomes. 137

The issue of defining numbers for credentialing purposes 
is a source of considerable controversy. 205 National surgical 
societies have traditionally avoided specifying required case 
numbers in credentialing guidelines, trying to balance the 
needs of their member surgeons with the safety of patients. 
The learning curve for laparoscopic colectomy likely varies 
depending on the actual procedure (as the term “laparoscopic 
colectomy” in this case encompasses a wide variety of proce-
dures, from simple right colectomy to advanced proctocolec-
tomy and J-pouch), the underlying pathologic diagnosis, and 
the prior laparoscopic experience of the surgeon coupled 
with innate skill. The COST study, however, provides a basis 
for specifying a minimum experience. For perspective, a 
resident completing a General Surgery Residency Program 
in 2003 and entering practice had performed a mean of 120 
cases on the large intestine (mode 106, Residency Review 
Committee for Surgery, Reporting Period 2002–2003). Of 
these, an average of 50 cases required resection and anas-
tomosis. Thus the guideline for 20 laparoscopic cases is not 
excessive or unreasonable in terms of attaining comparable 
experience prior to independent practice.

Alternative Approaches

Hand-Assisted Laparoscopy

Hand-assisted laparoscopic colectomy has been advocated 
as an alternative to straight laparoscopic techniques. The 
reintroduction of the hand back into the abdomen during 
laparoscopy may overcome some of the technical challenges 
associated with laparoscopic colectomy. Since an extrac-
tion site is required for specimen removal, supporters of a 
hand-assisted approach believe the hand should be placed 
through that wound to facilitate dissection and mobilization 
of the colon. Current hand-assist devices provide for hand 
exchanges without loss of pneumoperitoneum, allowing sur-
geons to perform procedures without disruption, unlike ear-
lier versions. Opponents point out that the incision required 
for the hand-assist device, although smaller than for laparo-
tomy, is still approximately twice the length of the incision 
required for a straight laparoscopic procedure.

There have been a number of randomized and nonrandom-
ized studies which have evaluated hand-assisted  laparoscopic 
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colectomy. 68,206–215 In 1995, Ou 206 reported his initial experience 
in 12 patients undergoing colectomy by hand-assisted meth-
ods and compared it to 12 patients undergoing a conventional 
open method. He demonstrated that the hand-assisted proce-
dures required on average 135 min as compared to 100 min 
for the standard open method. Length of stay was reduced in 
the hand-assisted group with an average of 5.6 days as com-
pared to 8.3 days for open patients. Randomized trials by the 
HALS Study Group 209,210 and Targarona 211 have demonstrated 
that hand-assisted colectomy provides similar functional 
results to straight laparoscopic resection with fewer conver-
sions. In a randomized study by Kang et al. 213, comparing 
hand-assisted vs. open colon resection, the hand-assisted 
approach resulted in shortened postoperative ileus, shortened 
length of stay, and smaller incision size with no difference in 
operative time or complications. Differing results were seen 
in another randomized study by Maartense et al. 214, which 
compared the results of open proctocolectomy with ileoa-
nal pouch construction to a hand-assisted approach. In this 
study, there was no difference in length of stay (>10 days) 
and longer operative times in the hand-assisted group. The 
majority of patients, however, were not diverted at the time 
of procedure which likely impacted the results of the opera-
tion. In a study of straight laparoscopic proctocolectomy 
with ileoanal pouch, patients who were not diverted had a 
prolonged hospitalization in comparison to those who were 
diverted. 58 The long length of stay in the Maartense 214 study 
may relate to the avoidance of proximal fecal diversion and 
likely influenced their results and conclusions.

Nonrandomized studies have shown benefit to the hand-
assisted approach in comparison to a straight laparoscopic 
technique, but most have a limited number of any single pro-
cedure. A study by Chang, however, did report on a large 
series of laparoscopic and hand-assisted sigmoid resection.99 
The results of 85 straight laparoscopic sigmoid resections 
were compared to 66 hand-assisted procedures. The patients 
shared similar demographics including a mean body mass 
index of 29 kg/m2. The rate of conversion was significantly 
less in the hand-assisted group (0% vs. 13%, P < 0.01) with 
a shortened mean operative time (189 min vs. 205 min). The 
mean size of the extraction was larger in the hand-assisted 
group (8 cm vs. 6 cm, P < 0.01) but there was no difference 
in return of bowel function (mean, 2.5 days vs. 2.8 days) or 
the median length of stay (4 days).

One of the more challenging colorectal procedures is 
proctocolectomy and ileal pouch-anal anastomosis. While a 
few groups perform this procedure routinely, the procedures 
remain technically challenging with operative times in the 
3–5 h range. In an effort to reduce operative times, hand-
assisted techniques have been evaluated. 56,66,68 In a small com-
parative study, Rivadeneira et al. 66 compared the effectiveness 
of hand-assisted laparoscopic approach to a conventional 
laparoscopic method in patients undergoing laparoscopic 
proctocolectomy. Both groups (10 hand-assisted [HAL] vs. 
13 standard laparoscopy [SL]) were well matched, with no 

 differences in age, sex, ASA level, operative indication, ste-
roid usage, or diagnosis. The results demonstrated no differ-
ences in incision size (mean 8 cm), operative blood loss, rate 
of conversion (HAL 10% vs. SL 0%), or complications (HAL 
40% vs. SL 31%). The operative times progressively decreased 
in the hand-assisted group (mean 247 min) while remaining 
constant in the laparoscopic group (mean 300 min, P < 0.05) 
over the period of study. This reduction in operative times has 
also been demonstrated in a multicenter randomized study of 
laparoscopic vs. hand-assisted sigmoid and total colectomy, 
with significantly shorter operative times in the hand-assisted 
group (175 min vs. 208 min in the sigmoid colectomy group, 
and 127 min vs. 184 min for total colectomy). 56 Another 
recent study by Nakajima showed similar advantages of 
hand-assisted total colectomy for ulcerative colitis. 68 Interest-
ingly, the opposite was found in a case–control study from 
Mayo Clinic comparing 100 laparoscopic IPAA with 200 
open cases.71 Operative time for the laparoscopic group as a 
whole was 333 min vs. 230 min in the open group. Within the 
laparoscopic group, however, 75 cases were performed with 
a true laparoscopic approach primarily by one surgeon, and 
compared with 25 hand-assisted cases performed by four sur-
geons. The hand-assisted cases actually took longer, 372 min 
vs. 320 min in the true laparoscopic group, and hospital stay 
was a day longer (5 days vs. 4 days).

Proponents of the hand-assisted approach suggest that by 
returning the hand back to the abdomen, one of the potential 
advantages is that surgeons with less advanced laparoscopic 
skills may be able to perform these complex procedures 
more easily. In the study by Chang et al., 99 colorectal sur-
geons without a large laparoscopic experience participated 
in 27% of hand-assisted resections compared to only 16% 
(P < 0.05) of the straight laparoscopic procedures. In a simi-
lar study, comparing 85 straight laparoscopic total colectomy 
procedures to 45 hand-assisted operations, less experienced 
surgeons were able to perform 22.2% of the hand-assisted 
procedures and only 10.6% of the straight laparoscopic 
operations. 215 One interpretation is that a hand-assisted lap-
aroscopic colectomy may be easier to adopt than a straight 
laparoscopic approach; an alternative interpretation is that 
these rates of adoption are unacceptable even with the device 
and perhaps such surgeons should not be attempting laparo-
scopic procedures.

Robotic Colorectal Surgery

The robotic device allows for precise control of movement, 
restoration of all the “degrees of freedom” provided by the 
human wrist, magnification and three-dimensional images. 
The most convincing application to date has been in the field 
of urology, where the device has allowed for intracorporeal 
suturing of the bladder to urethra anastomosis. Even this has 
been challenged recently. 216

In the field of colorectal surgery, the use of the device 
remains controversial. It is hard to justify its use in 
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 colectomies. Even those who have used it for right and left 
colectomy have demonstrated increased operative times and 
increased costs. 217 It may potentially have a greater role in 
the resection of rectal cancer. Baik et al. 218 reported a series 
of 56 robotic vs. 57 laparoscopic low anterior resections for 
rectal cancer. The operative times were similar (190 min vs. 
191 min). One benefit of the robotic approach was a reduced 
risk of conversion (0 in the robotic group vs. 10.5% in the 
laparoscopic group, P = 0.013). The quality of the TME 
specimen was acceptable in both groups, but there were 
more complete specimens in the robotic group: the mesorec-
tal grade was complete (n = 52) and nearly complete (n = 4) 
in the robotic group and complete (n = 43), nearly complete 
(n = 12), and incomplete (n = 2) in the laparoscopic group 
(P = 0.033). Choi et al.219 in a series of 50 patients under-
going a standardized step-by-step approach, demonstrated 
a positive circumferential radial margin in only 1 of 50 
patients (2%).

Patriti et al. 220 evaluated 66 patients with rectal cancer. 
Twenty-nine patients underwent robotic anterior resec-
tion (RAR) and 37 laparoscopic anterior resection (LAR). 
Groups were matched for age, BMI, sex ratio, ASA status, 
and TNM stage and were followed up for a mean time of 12 
months. RAR resulted in shorter operative times when a total 
mesorectal excision was performed (166 min vs. 210 min; 
P < 0.05). The conversion rate was significantly lower for 
RAR, with 19% conversion to open rate in the LAR group, 
and in the robotic group only two patients were “converted” 
to a laparoscopic approach but with no conversions to an 
open approach (P < 0.05). Postoperative morbidity was com-
parable between groups. Overall survival and disease-free 
survival were comparable between groups; although a trend 
toward better disease-free survival in the RAR group was 
observed, the follow-up period was short. The authors con-
cluded that RAR was a safe and feasible procedure that facil-
itates laparoscopic total mesorectal excision, but randomized 
clinical trials and longer follow-up are needed to evaluate a 
possible influence of the robotic approach on patient sur-
vival.

Consensus has not been reached on this approach. It is 
salutary to read the editorial of Cadeddu et al. 216 on robotic 
prostatectomy. He reflects upon the issue that marketing of 
the robotic device has reached such heights that opinion has 
“reached the level of surgical dogma among patients and 
physicians at the expense of objective data.” The robotic 
device fascinates surgeons and patients alike. It is a wonder-
ful tool. But it remains just that – a tool. Many surgeons who 
are currently performing advanced laparoscopic colorectal 
procedures have skills such that they do not require a robot. 
The robot may facilitate dissection in the pelvis for rectal 
cancer, especially for surgeons who might not otherwise be 
able to complete a pelvic dissection laparoscopically, but 
it remains to be seen if the current economic climate will 
continue to support expensive technology to support lack of 
acquisition of operative skills.

Single-Incision Colectomy

This development of single-incision colectomy is still in its 
seminal stages. Initial publications are primarily case reports, 
or press releases. 221–224 At the time of writing, there is consid-
erable interest amongst laparoscopic aficionados regarding 
the potential for improved outcomes with this approach. As 
interest in the approach has grown, new single-port devices 
have been developed and several are available for use, each 
with their pros and cons. Reports have expanded from the 
original cholecystectomy, 225 to include appendectomy, sleeve 
gastrectomy, adrenalectomy, and colectomy. A multicenter 
prospective comparative study is underway to compare early 
results of single-incision colectomy with laparoscopic pro-
cedures. Given the difficulty of demonstrating benefits of 
the laparoscopic approach with laparotomy, any incremental 
benefits may be very difficult to confirm with current meth-
odology, but an initial impression is that surgeons involved 
in this development are motivated regarding the potential 
benefits for their patients.

NOTES Colectomy

Natural orifice transluminal endoscopic surgery (NOTES) 
became a focus of intellectual and surgical creativity after 
the pairing of a surgeon and a gastroenterologist in India 
led to the release of a video of an appendectomy performed 
via a gastrotomy with flexible endoscopic instruments, with 
extraction of the specimen transorally. 226 It is now 5 years 
and millions of dollars of research and development money 
later, yet the approach is still seeking what Jeff Ponsky 
has referred to as the “Killer App” or the application that 
transcends obstacles to its use (personal communication). 
Although surgeons see this approach as potentially being 
the same quantum leap in surgical technique that laparos-
copy was compared with laparotomy, there are different 
barriers.

There are basically three different areas of research that 
pertain to colorectal surgery. First, the rectum has been high-
lighted as a means of access to upper abdominal organs. 
Early procedures focused on cholecystectomy, as a common 
procedure, requiring limited dissection, control of a single 
duct and artery, and no requirement for any form of re-estab-
lishment of gastrointestinal continuity. The transgastric 
approach is hampered by the need for retroflexion to visual-
ize and work on the gallbladder, need to close a gastrotomy 
far from the “working port” (the mouth) and limitations of 
the diameter of the esophagus in terms of extracting a bulky 
specimen. Hence, attention was redirected to using transrec-
tal and transvaginal approaches which would permit forward-
focusing of the flexible endoscopic instruments and extraction 
of a larger specimen. The transvaginal approach has been 
used primarily, as the majority of patients requiring chole-
cystectomy are female, and this approach affords greater 
confidence in the quality of the preparation. The  transrectal 
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approach does have its merits, however, and  transrectal 
endoscopic microsurgery (TEMS) has illustrated that this 
path of access can be adequately prepped.

Second, and likely least pertinent, the rectum has been 
used as a means of obtaining access to the peritoneal cavity 
with a flexible instrument that is then used to perform dis-
section and resection of a segment of colon. Transgastric, 
and bidirectional approaches with both transgastric and tran-
srectal approaches have been described. These are tour-de-
forces of technique but not immediately relevant to clinical 
practice.

The third area of research has focused on use of the 
TEMS device as a means of access. This makes sense that 
the planned anastomotic site becomes the means of access to 
the abdominal cavity and has implications for sigmoidorec-
tal surgery (and also for bariatric surgery with upper endos-
copy using the planned anastomotic site). Several groups 
have described using the TEMS device to make a circum-
ferential incision in the rectum at the planned level of anas-
tomosis, and then continuing the dissection in the presacral 
space and the left retroperitoneum 227–230 The technique does 
not reliably allow for mobilization of the splenic flexure, 
so again, applications are limited at this point with current 
instrumentation.

Future Considerations

It is actually quite fascinating to see how slowly laparoscopic 
techniques for colorectal surgery have been adopted. The 
procedures are likely similar in terms of technical difficulty 
to bariatric procedures, yet the vast majority of bariatric pro-
cedures are performed laparoscopically as opposed to less 
than 30% of colorectal procedures. One wonders if market 
forces are implicated, as many bariatric procedures are not 
covered by insurance and the patient pays out of pocket. 
Over the next few years, the field of colorectal surgery may 
become quite divergent, especially within the subspecialist 
field of minimally invasive procedures. Surgeons who have 
adopted hand-assisted techniques may not be able to adopt 
single-incision techniques, if the latter prove to have bene-
fits. The realm of NOTES is still undetermined but there will 
likely be considerable cross-fertilization with the techniques 
and instrumentation used for single-incision procedures. 
Bemelman 231 phrased this upcoming period best: when fast-
track protocols make it difficult to differentiate laparoscopic 
from open approaches, then the long-term implications of 
a laparoscopic approach carry far more weight than such 
short-term benefits as time to bowel function and time in the 
hospital. More important are long-term outcomes such as 
rates of bowel obstruction and preservation of fertility. This 
is an exciting time for this field, not least for our patients 
who will hopefully continue to benefit from the extensive 
efforts being expended in making these major procedures 
less invasive.
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36
Polyps
Paul E. Wise

Polyps are defined as pathologic epithelial elevations of the 
aerodigestive and genitourinary tracts. This term serves to 
describe any of the types of abnormal growths identified on 
or involving the colonic mucosa that protrude into the bowel 
lumen. Polyps are of concern to clinicians due to their malig-
nant potential depending on the histologic type of the polyp 
identified. The primary histologic colonic polyp types include 
the following: adenomas, serrated polyps (including hyperplas-
tic polyps and sessile serrated adenomas (SSAs)), hamartomas, 
and inflammatory polyps. Because some of these polyps are 
neoplastic, they are the target of screening modalities (including 
colonoscopy, computed tomography (CT) colonography, etc.) 
to remove them prior to their malignant degeneration. Other 
polyp-like lesions, usually submucosal rather than mucosal in 
nature, such as carcinoids, leiomyomas, and lipomas will be 
described and discussed in Chap. 49.

Adenomas

Definition and Pathology

Adenomas are the most common neoplastic polyps identified 
in the colon (50–67% of all polyps) and are thought to be 
the precursor lesion to the majority of colorectal cancers (and 
therefore the target of screening programs).1 They are by defi-
nition a low grade dysplastic lesion with the potential for pro-
gression of the dysplasia to an invasive malignancy. Grossly, 
these lesions can be pedunculated (mushroom-like on a stalk 
of submucosa lined by normal mucosa, Figure 36-1) or ses-
sile with a broader base (Figure 36-2), can occur singly or as 
multiple lesions, and can vary greatly in size and extent.

Adenomas are classified as tubular, villous, or tubulovillous. 
The former lesions comprise approximately 75–87% of all 
adenomas identified in the colon and contain uniform-sized 
tubules and glands. As the tubules become more elongated with 
less stroma between glands, they assume a more villous char-
acter. For pathologists, tubular adenomas (Figure 36-3) can con-
sist of up to 20–25% villous features and still be considered 

a “tubular adenoma” while villous adenomas (5–10% of all 
adenomas) contain more than 50–75% villous features, 
 making tubulovillous adenomas (8–15% of all adenomas, 
 Figure 36-4) those polyps in between.2,3 While the likelihood 
of a polyp to harbor malignancy may be impacted by this clas-
sification, the treatment for the three classes of adenomas 
remains the same and thus has little true clinical significance.

Adenomas are differentiated from hyperplastic polyps in 
that they display cellular atypia with lack of differentiation 
into specialized cell types. The epithelial lining will show 
increasing mitoses and some degree of hyperchromasia 
(darker hematoxylin and eosin staining) depending on the 
degree of dysplasia. In adenomas, because cellular prolifera-
tion is not limited to the lower half of the tubule as in normal 
colonic epithelium, the normal process of cellular matura-
tion and differentiation from the base of the crypt to the sur-
face does not occur.

Adenomas can be graded by the degree to which epithelial 
growth is disturbed. Mild or low grade dysplasia is character-
ized by tubules which are lined from top to bottom by epi-
thelium which is morphologically similar to the normal basal 
proliferative zone. The nuclei are enlarged, oval, hyperchro-
matic, and have normal orientation. There is a slight excess 
of mitotic figures but the architecture is not disrupted. By 
definition, all adenomas show at least low grade dysplasia. In 
moderate dysplasia, the nuclear features are more advanced, 
cellular polarity is less preserved, there is nuclear stratifi-
cation, and the glands are more crowded. In severe or high 
grade dysplasia, there are large vesicular nuclei, irregular 
and conspicuous nucleoli, scalloped nuclear membranes, and 
increased nuclear to cytoplasmic ratio. Nuclear polarity is dis-
rupted and marked cellular pleomorphism and both numerous 
and aberrant mitoses are present. Structural alterations include 
budding and branching tubules, back-to-back arrangement of 
glands, and cribriform growth of epithelial cells in clusters 
and sheets. The terms “carcinoma in situ” and “intramucosal 
carcinoma” are often used to describe these high grade dys-
plastic adenomas, but these terms are potentially misleading 
as these lesions do not have metastatic potential.4,5
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Presentation and Diagnosis

Most adenomas are asymptomatic and are therefore found 
with screening studies or incidentally diagnosed through 
investigations of symptoms unrelated to the adenoma. 
Larger adenomas may display overt hematochezia or anemia 
secondary to occult or overt blood loss. Adenomas in the rec-
tum may cause rectal bleeding, mucoid discharge, tenesmus, 
and/or fecal urgency. Very large adenomas may rarely cause 
electrolyte abnormalities or diarrhea or may lead to intussus-
ception of the colon or prolapse through the anus.

Adenomas are often multifocal and can be identified any-
where in the colon and rectum but tend to be more prevalent 
distally. In one large prospective study (U.S. National Polyp 
Study), the distribution of adenomas was as follows: cecum 8%, 
ascending colon 9%, hepatic flexure 5%, transverse colon 10%, 
splenic flexure 4%, descending colon 14%, sigmoid 43%, and 
rectum 8%.3 Other studies have also documented that 24–31% 
of adenomas are proximal to the splenic flexure in colonosco-
pies in higher-risk or symptomatic patients.3,6 In addition, when 
a sporadic adenoma is identified in the colon or rectum, the 
likelihood of a synchronous adenoma elsewhere in the colon 
ranges from 31 to 40%.6,7 Therefore, when a distal adenoma is 
found, a complete colonic assessment is necessary because of 
this high rate of synchronous neoplasms.8,9 The features of the 
adenomas may dictate the likelihood of synchronous lesions 
being found, however. Most, but not all,10 studies of screen-
ing flexible sigmoidoscopy suggest that patients with no distal 
polyps, distal hyperplastic polyps, or a single small tubular ade-
noma have a low risk of proximal advanced adenomas (0–4%). 
Multiple other studies, however, support the recommendation 
that villous adenomas (regardless of size) and any adenoma 
>1 cm are important markers for the presence of advanced 
adenomas and even carcinoma in the proximal colon.11

The fact that adenomas are often asymptomatic precur-
sor neoplasms justifies the use of screening to identify and 
remove these lesions before they become clinically recog-
nizable, thus halting the adenoma to carcinoma sequence 

Figure 36-2. Endoscopic appearance of a sessile adenoma (Courtesy 
of Roberta L. Muldoon).

Figure 36-3. Microscopic view of a tubular adenoma (Courtesy of 
William Chopp, MD).

Figure 36-4. Microscopic view of a tubulovillous adenoma (Courtesy 
of M. Kay Washington, MD, PhD).

Figure 36-1. Endoscopic appearance of a pedunculated adenoma.
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(discussed below). In general, colorectal cancer screening 
has been shown to reduce mortality and be cost-effective. 
Screening timing and frequency is usually based on risk fac-
tors with higher-risk individuals having personal or family 
history of colorectal neoplasia, high-risk hereditary colorec-
tal cancer syndromes, and/or the presence of inflammatory 
bowel disease (see Chap. 39).

Colonoscopy is the most accurate test for polyps, espe-
cially when compared to double contrast barium enema 
(DCBE) as shown by the U.S. National Polyp Study.12 DCBE 
alone has been repeatedly shown to be less sensitive than 
colonoscopy (even for polyps >10 mm with a miss rate of 
52%), offers no therapeutic benefit, and has not been shown 
to reduce cancer incidence or mortality. Colonoscopy, on 
the other hand, decreases the risk of colorectal cancer inci-
dence by 76–90% and has been indirectly shown to reduce 
cancer mortality.13 Flexible sigmoidoscopy has also been 
shown to lead to a decrease in distal colon cancer mortality 
as much as 80% (45% for all colorectal cancers) but does not 
show a reduction in deaths from more proximal cancers.14 
More recently, CT colonography or “virtual colonoscopy” 
has been supported as a potential screening modality.1 
Three meta-analyses (between 1,300 and 6,400 patients in 
each analysis) have shown sensitivities and specificities for 
detecting polyps ³10 mm to be in the 85–95% and 95–97% 
ranges, respectively. Medium-sized polyps (6–9 mm) had 
lower sensitivities and specificities of 70–86% and 86–93%, 
respectively.15,16 Newer screening modalities such as chro-
moendoscopy or dye-spray endoscopy, narrow band imag-
ing, magnification endoscopy, and pill colonoscopy have 
not been established as effective means for surveillance or 
screening for all patients and are not equivalent in the hands 
of all providers. They are only considered adjunctive at this 
time by most surgical and medical societies and warrant fur-
ther study. Further discussion of screening modalities and 
their effectiveness can be found in Chap. 39.

Epidemiology

Adenoma prevalence, the percentage of the population with 
one or more colorectal adenomas at a given point in time, 
is primarily a function of age, gender, and family history.17 
Colonoscopy-determined prevalence rates in asymptomatic, 
average-risk individuals ³50 years range from 24 to 50%,18–22 
with the prevalence of advanced adenomas (³1 cm in size, 
with villous features, and/or with high grade dysplasia)23 
varying from 3.4 to 9.5% depending on age and gender.9,10,24 
Prevalence rates have been shown to increase with age, even 
doubling between ages 50 and 60.9,24 Higher adenoma preva-
lence rates have been identified in men, with a relative risk 
of 1.5 to 2.0 compared to age-matched women.18,19,21,24 Inter-
estingly, however, in one study of screening colonoscopies 
performed on 1,463 asymptomatic women ³40 years old, 
20.4% were diagnosed with an adenoma and 4.9% with an 
advanced adenoma. When these women were compared 

to a matched group of men (8.6% of whom had advanced 
adenomas on screening colonoscopy), almost 65% had their 
advanced adenomas in the proximal colon versus 34% of the 
men, suggesting that gender differences may lead to changes 
in adenoma location as well as overall prevalence.8 In terms 
of family history risk, a multicenter screening colonoscopy 
study examining the risk of colorectal adenomas in a cohort 
of individuals with one affected first-degree relative with 
sporadic colorectal cancer found the odds ratio to be 1.5 for 
adenomas, 2.5 for large adenomas, 1.2 for small adenomas, 
and 2.6 for high-risk adenomas (see below).25 The prevalence 
of adenomas and advanced adenomas is higher in relatives 
of individuals with colorectal cancer or adenoma at a young 
age, and in individuals with multiple relatives with cancer 
or adenomas.26,27 Adenoma prevalence rates determined by 
colonoscopy are roughly double the rates determined by flex-
ible sigmoidoscopy.10,17 The prevalence of a proximal syn-
chronous adenoma in a patient with a distal adenoma (or even 
hyperplastic polyps in some studies)10 is such that proximal 
colonic assessment is warranted if a distal lesion is found on 
screening.8,9

The incidence of adenomas is the rate at which individu-
als develop colorectal adenomas over a specified time inter-
val.17 The incidence of adenomas at intervals ranging from 6 
months to 5 years in post-polypectomy surveillance colonos-
copy studies varies from 20 to 50%.28–32 Most incident pol-
yps are small, and a higher incidence has been associated 
with multiple adenomas at the index colonoscopy, larger size 
of the index adenoma, older age, and a family history of a 
parent with colorectal cancer.13,28,33–36 The incidence rate of 
colorectal adenomas after a clearing colonoscopy is actually 
the sum of the true incidence rate of new adenoma forma-
tion plus the miss rate at the initial colonoscopy plus the 
recurrence rate of incompletely removed polyps.17 Judging 
by repeat endoscopy, including studies with same day back-
to-back colonoscopies, the miss rate for adenomas ³1 cm 
is approximately 5%, for adenomas 6–9 mm it is approxi-
mately 10%, and for adenomas £5 mm it approaches 30%.37–40 
These high miss rates for small lesions suggest that many 
adenomas detected on surveillance colonoscopy are actually 
lesions that were missed during the index examination. Inci-
dent polyps are distributed more proximally, consistent with 
the observation that miss rates for adenomas are higher in the 
proximal colon.37

More important than the overall incidence rate of adenomas 
is the incidence rate for advanced adenomas and cancers, 
especially in the context of the above-described screening 
miss rates. The incidence rate for advanced adenomas ranges 
from 6 to 9%23 and is closely related to the findings at initial 
colonoscopy.41 Based on a pooled analysis of more than 9,000 
patients in North America, of which 11.2% had advanced 
neoplasia (adenoma or cancer) on subsequent colonoscopy, 
a greater number of adenomas at initial colonoscopy, histo-
logic features (villous architecture) of the excised adenoma, 
larger adenoma size, proximal adenoma location (odds ratio 
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[OR] 1.68; 95% confidence interval [CI], 1.43–1.98), and 
male gender (OR 1.40; 95% CI, 1.19–1.65) were all attrib-
uted to increased risk of development of advanced neopla-
sia.32 Three or more polyps at the initial colonoscopy has 
been shown to increase the risk of subsequent advanced 
adenomas, and in the U.S. National Polyp Study, age >60 
years plus a family history of a parent with colorectal can-
cer was also a predictor of incident advanced adenomas.36,42 
The cumulative incidence of advanced adenomas at 3 and 6 
years of follow-up in the U.S. National Polyp Study in the 
highest risk group (three or more adenomas at baseline, or 
age ³60 years plus a parent with colorectal cancer) were 
10 and 20%, respectively.42 The lowest risk group (only 
one adenoma and age <60 years at baseline) had an inci-
dence of advanced adenomas of <1% at both 3 and 6 years 
of follow-up. The 5-year incidence of advanced adenomas 
in individuals with a previously negative colonoscopy is 
also <1%.43 Similarly, post-polypectomy surveillance stud-
ies have shown that cancer incidence is also low, and in the 
U.S. National Polyp Study, colonoscopic surveillance was 
associated with a 76–90% reduction in the cancer incidence 
compared to reference populations.36 The rare appearance of 
incident cancers at short intervals in patients who have had a 
clearing colonoscopy suggests that either the neoplasm was 
initially missed or incompletely treated (27–31% of incident 
cancers may be due to “ineffective” polypectomy)44 or the 
cancer developed rapidly. Based on long-term follow-up 
from the Polyp Prevention Trial, these interval cancers are 
even more common in those patients with a previous history 
of advanced adenoma.45 Despite the initial colonoscopy miss 
rates, however, modeling shows that >90% of the reduced 
incidence of colorectal cancer over the first 5–6 years after 
screening colonoscopy is the result of the initial polypec-
tomy rather than removal of adenomas at subsequent surveil-
lance.46 Long-term follow-up studies are ongoing.

Adenoma to Carcinoma Sequence

The idea that an adenoma would progress into a carcinoma 
has been based primarily on observational epidemiologic 
studies, clinical studies, pathologic findings, and molecular 
genetic studies, and therefore the evidence, while extensive, 
is truly circumstantial. Given the high prevalence of spo-
radic adenomas in the general population but the relatively 
low lifetime risk of developing colorectal cancer in Western 
countries (6% by age 85), it appears that only a few adenomas 
become adenocarcinomas. While not all adenomas develop 
into colorectal cancer, it appears that most sporadic colorectal 
cancers (80–85%) develop from adenomas, although there is 
evidence for rare de novo colorectal cancer development as 
well as other less-rare carcinoma sequences. Adenoma size 
seems to be important in the likelihood for malignant degen-
eration, and the likelihood that a diminutive tubular adenoma 
will progress to become an adenocarcinoma is likely very 
low. In a study that analyzed 7,590 adenomatous polyps to 

determine risk factors for high grade dysplasia or invasion, 
size was the strongest predictor.5 The percent of adenomas 
with high grade dysplasia or invasive cancer based on the 
size of the polyp was: <5 mm – 3.4%, 5–10 mm – 13.5%, and 
>10 mm – 38.5%. No invasive cancer was found in polyps 
£5 mm. Villous change, left-sided lesions, and age ³60 years 
were also associated with advanced histologic features.5

One longitudinal study showed that over a 3–5-year period 
only 4% of 213 adenomas measuring 2–15 mm increased 
in size.47 A mathematical model suggested that it takes 2–3 
years for an adenoma £5 mm to grow to 1 cm, and another 
2–5 years for the 1 cm adenoma to progress to cancer.48 For 
a lesion ³1 cm, the cancer probability is 3, 8, and 24% after 
5, 10, and 20 years, respectively.49 This supports that the 
transformation of adenomas to cancer is a slow process, also 
supported by the fact that the mean age of adenoma patients 
precedes the mean age of cancer patients by 7 years. Overall, 
the yearly rate of conversion from adenoma to carcinoma has 
been estimated to be 0.25%, but the risk is higher depend-
ing on size and histologic factors such as the conversion rate 
for polyps >1 cm (3%), for villous adenomas (17%), and for 
adenomas with high grade dysplasia (37%).50 Gender does 
not appear to affect the rate of transition from advanced 
adenoma to carcinoma, but age clearly impacts malignant 
degeneration (ranging from 2.6% at age <60 to >5% annu-
ally at age >80 years for both men and women).51

On a molecular level, the “traditional” pathway from 
adenoma to adenocarcinoma (also known as the “loss of 
heterozygosity” (LOH) or “chromosomal instability” (CIN) 
pathway), thought to account for the development of 80–85% 
of sporadic colorectal cancers, was elucidated from studies 
on patients with familial adenomatous polyposis (FAP). The 
process starts with a single colorectal epithelial cell undergo-
ing a series of genetic alterations leading to the inactivation 
of both copies of the tumor suppressor adenomatous poly-
posis coli (APC) gene on chromosome 5q that regulates cell 
growth and apoptosis.52,53 This appears to occur very early 
in the process of the normal epithelial cell transitioning into 
adenomatous tissue or low grade dysplasia by leading to 
increased cell proliferation. The next alteration in the path-
way is thought to occur with k-ras, an oncogene involved in 
signal transduction from the cell membrane to the nucleus. 
Mutation of this gene (seen in 50% of colorectal cancers) in 
the setting of the APC mutation appears to lead to exophytic 
growth and transition to an “intermediate” adenoma. Impor-
tant to the transition from intermediate to advanced adenoma 
is mutation of the deleted in colon cancer (DCC) gene that 
is important for encoding an adhesion molecule and facili-
tating apoptosis and therefore tumor suppression.54 The final 
step to the development of invasive adenocarcinoma (found 
in 75% of colorectal adenocarcinomas) is a mutation in the 
p53 gene which regulates the cell cycle after DNA injury 
to allow for DNA repair.53 The accumulation of some or all  
of these molecular abnormalities is therefore associated with 
the development of invasive colorectal cancer. As noted,  
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however, not all colorectal cancers develop via this sequence, 
and alternate pathways to colorectal cancer are being increas-
ingly recognized including pathways that may involve 
other polypoid lesions such as serrated polyps known as the 
 “serrated neoplasia” pathway (see below), thought to account 
for the other 10–15% of sporadic colorectal cancers. This 
pathway is characterized by cancers showing microsatel-
lite instability (MSI), likely due to hypermethylation of the 
hMLH1 mismatch repair gene promoter leading to its inacti-
vation, likely occurring after BRAF (a serine-threonine kinase 
involved in the k-ras pathway) gene mutations. These cancers 
are morphologically and pathologically similar to the MSI 
cancers that are associated with the germline mismatch repair 
gene mutations seen in hereditary nonpolyposis colorectal 
cancer (HNPCC)/Lynch syndrome (see Chap. 37).55–57 While 
these cancers do appear to develop through an adenoma-
carcinoma sequence, the adenomas are not considered the 
traditional adenomas seen in the APC adenoma-carcinoma 
sequence and are more likely the SSAs discussed below. See 
Chap. 38 for a more detailed review on the molecular basis of 
carcinogenesis.

Management

All adenomas or apparent adenomas should be completely 
removed for confirmation of the diagnosis and to exclude a 
concurrent malignancy and the potential need for further inter-
vention. The majority of adenomas are able to be endoscopi-
cally removed by various means including “cold” (without 
electrocautery) or “hot” (with electrocautery) biopsy forceps 
or loops/snares. Removal also precludes malignant degen-
eration. Complications of polypectomy, primarily bleeding 
and perforation can be limited through the appropriate use of 
these standard techniques. Electrocautery is frequently used 
during endoscopy, but the amount of thermal injury must be 
balanced with the need for vascular control, as a full thick-
ness injury to the colon wall can easily occur given that it 
ranges from only 1.7 to 2.2 mm in thickness.58 Prospective 
assessments are lacking as to how best to approach small 
polyps, and therefore preferences vary between endosco-
pists. Because of the concern for perforations related to the 
use of cautery, recommendations include limiting the use 
of hot forceps to small polyps (<5 mm) while tenting the 
mucosa and somewhat deflating the colon. The majority of 
these smaller polyps are usually amenable to single-bite or 
piecemeal excision with cold forceps that will eliminate the 
cautery risks.44

Large pedunculated polyps can often be removed with 
snare cautery techniques (although bleeding is uncommon 
after removal of these). The important aspect of removal 
of these types of polyps is to ensure that the blood supply 
through a thick stalk (>1 cm), which may contain substan-
tial vasculature, is controlled prior to the polypectomy. 
This maneuver is facilitated by gently closing the snare and 
cauterizing the base of the stalk followed by firmer closure 

and cutting through the stalk with cautery above the initial 
cauterized base. Alternatively, metal clips or endoloops can 
be placed at the base, or the stalk can be injected with epi-
nephrine to provide hemostasis. The base of the stalk may be 
tattooed with ink or carbon agents to allow for subsequent 
identification (endoscopically or surgically) if the polyp has 
a concerning appearance for malignancy. At times, piece-
meal resection of the polyp head is necessary before a large 
snare can even get around the polyp to reach the stalk.44

Larger sessile polyps (>15–20 mm) will usually require 
piecemeal resection with a large snare cautery. Care must be 
taken to ensure only inclusion of the polyp and its surround-
ing mucosa in the snare as accidental inclusion of adjacent 
folds or mucosa can potentially lead to perforation. Safe 
polypectomy while avoiding injury to surrounding normal tis-
sues may also be facilitated by saline lift as described below. 
When performing a standard piecemeal polypectomy, starting 
on the proximal aspect of the polyp with or without using a 
spike-tip snare (allows the snare to be anchored so that push-
ing the sheath causes the snare loop to widen for more effec-
tive placement around the polyp) will allow for easier and 
more complete polyp resection. While the piecemeal tech-
nique is an effective means of removal, it requires meticulous 
removal of the entire polyp and capture of the pieces. This 
technique ensures that pathologic examination of the polyp 
will be complete, although the margins will be unclear when 
the specimen is resected in this fashion. Larger pieces might 
require basket retrieval, division of the larger pieces with the 
cold snare, or may necessitate multiple insertions and with-
drawals of the colonoscope to remove them.59 Careful coagu-
lation of the base and edge of the polypectomy defect with 
the argon plasma coagulator or other electrocautery device 
has been shown to decrease the incidence of residual polyp.60 
It is also advisable to utilize endoscopic tattooing techniques 
to identify the area again for subsequent examinations of the 
site as well as potential surgical resection if invasive cancer 
is identified.44 Both the resection area itself and the opposing 
colonic walls should be injected to ensure identification of the 
area surgically if necessary. Retroflexion can also facilitate 
visualization and resection of difficult polyps, primarily in the 
rectum and right colon. Any remaining polyp tissue should be 
treated with argon plasma coagulation or other coagulation 
techniques as noted above and has been shown to be effective 
in decreasing recurrence of the polyp. It has been repeatedly 
shown in retrospective studies that endoscopic resection of 
large polyps can be performed safely with low risk of per-
foration (rare and often treatable nonoperatively, although 
5% can be fatal)44 or bleeding (2–24%, treatable medically or 
endoscopically).59 If a polyp is too large for a safe polypec-
tomy (piecemeal or otherwise) to be performed, a conven-
tional oncologic surgical resection should be done.

Submucosal injection of various agents has been utilized 
to elevate and more safely facilitate endoscopic resection 
of large sessile polyps in the colon and rectum by elevat-
ing the submucosa and thus increasing the distance between 
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the mucosa and the muscularis propria.59 This operation 
not only decreases the risk of perforation but also increases 
the potential for complete excision. Agents that are useful 
include saline with or without methylene blue (to distinguish 
the layers) and with or without epinephrine. Other agents 
used to slow absorption of the fluid and prolong the eleva-
tion effect during the polypectomy include 0.5% sodium 
hyaluronate and 0.83% hydroxypropyl methylcellulose. Car-
bon/ink solutions can also be used to both tattoo the area for 
subsequent identification as well as elevate the polyp. The 
volume of the agent to use is not standardized, but injection 
of 1–4 mL at a time to create swelling of the submucosa, and 
up to 20–30 mL or greater may be needed for larger polyps. 
Injection distal to a polyp (along the front edge on retrograde 
view) may obscure the view and make polypectomy more 
difficult. Therefore, starting with proximal injections (far 
edge of the polyp) may facilitate the lateral and distal injec-
tions and thus the ability to view the polyp and allow for its 
subsequent removal. Failure of the polyp to elevate at the 
time of submucosal injection despite appropriate swelling of 
the submucosa (“nonlifting sign”) is concerning for invasion 
of the polyp into the submucosa or deeper and should there-
fore indicate need for surgical resection.59,61 The nonlifting 
sign may be falsely positive if a previous biopsy of the polyp 
has caused scarring in the area.

The greatest concern, of course, is whether the polyp har-
bors a malignancy. There are no prospective studies on how 
to visually identify a malignancy in a polyp, but most endos-
copists seem to agree that ulceration, friability, or indura-
tion in addition to tactile clues with a biopsy forceps such as 
fixation or being firm suggest that there is likely an under-
lying malignancy and surgical resection should be favored. 
Biopsies may be helpful but may suffer from sampling bias. 
In situations where a large polyp is identified incidentally on 
a screening colonoscopy, a simple biopsy rather than more 
aggressive resection may be warranted as the patient and/
or endoscopist may not be prepared for the increased com-
plications associated with a complex polypectomy. A repeat 
endoscopy after further discussion and informed consent 
is then appropriate. If a complex polypectomy is to be per-
formed, the patient must understand that repeat procedures 
may be necessary to completely remove the polyp. Of note, 
polyps that occupy greater than one-third the circumfer-
ence of the colon, encompass two or more haustral folds, or 
involve a diverticulum or the base of the appendix are rarely 
able to be endoscopically removed.44

At the time of surgical resection for an endoscopically 
challenging polyp, intraoperative colonoscopy is a technique 
useful for localizing nonpalpable or softer polyps which have 
not been preoperatively tattooed. This technically can com-
plicate a surgical resection, however, due to insufflation of the 
colon and potentially the small bowel. Use of carbon dioxide 
insufflation rather than room air can help in this regard based 
on its quick resorption and resulting colonic decompression. 
It has been shown to be safe even in patients with pulmonary 
disease.62 Intraoperatively maneuvering the colonoscope can 

also be a challenge without having the advantage of com-
pressing the abdominal wall to provide counter pressure and 
limit the colon’s mobility. However, the surgeon can fre-
quently telescope the bowel over the scope itself to an area 
known to be proximal to the lesion and then the mass can be 
found during withdrawal while desufflating the colon.

Hybrid minimally invasive and endoscopic procedures 
have been shown to be safe with long-term success in remov-
ing large colonic polyps.63–65 This technique utilizes intra-
operative colonoscopic polypectomy in conjunction with 
laparoscopic confirmation of complete polypectomy while 
assessing for colonic perforation or uses endoscopic assis-
tance with a laparoscopic wedge resection of the polyp. These 
procedures are also best performed in combination with 
the use of carbon dioxide as the endoscopic gas. While the 
endoscopist identifies the mass, the surgeon performs diag-
nostic laparoscopy to examine the affected area of the colon 
as well as the remainder of the abdomen for other pathology. 
Other trocars may be placed to allow for manipulation of the 
bowel at the same time. As the polyp is excised endoscopi-
cally (with or without lift techniques), the exterior of the 
bowel can be observed for perforation or near-perforation. If 
this occurs, or there is an area of concern, this can be repaired 
or oversewn laparoscopically while the polyp is removed 
and examined with frozen section. Any invasive cancer or 
concerning features may warrant immediate laparoscopic 
colectomy, which would be discussed with preoperatively 
and consented to by the patient. This may necessitate unwar-
ranted reservation of surgical block time if a resection is not 
needed but would require only one general anesthetic for the 
patient. Rare inaccuracy of the frozen section (if the initial 
pathology was benign but permanent sections showed cancer 
or other concerning features) might necessitate a subsequent 
operation. Alternatively, the diagnostic laparoscopy with or 
without bowel repair can be completed and the final per-
manent (rather than frozen section) pathologic examination  
performed – usually taking 2–3 days – after which the patient 
can undergo resection if needed. An additional hybrid option 
involves using laparoscopic techniques to divide intrabdomi-
nal adhesions, usually in the sigmoid colon, that prevent pas-
sage of a colonoscope to the cecum.

Surveillance

Improvements in colorectal cancer incidence and mortality 
rates are attributed to prevention through adenoma removal 
with screening and surveillance endoscopy, as well as risk 
factor modifications and improved therapies.1 Patients with 
adenomas are at increased risk for metachronous adenomas 
and have been shown to have a decreased incidence of subse-
quent cancer with follow-up surveillance. Surveillance rec-
ommendations after colonoscopic polypectomy, therefore, 
are based on the estimated risk of metachronous neopla-
sia.66,67 After polypectomy of large (³1 cm) or multiple ade-
nomas (three or more) or advanced adenomas, cancer risk is 
increased three- to five-fold.68 The risk of subsequent cancer 
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is not measurably increased in patients with only one or two 
small tubular adenomas.33,69 The U.S. National Polyp Study 
determined that colonoscopy performed 3 years after initial 
polypectomy protects patients just as well as more frequent 
examinations.13 Currently, no other modalities other than 
colonoscopy are advocated for post-polypectomy surveil-
lance (although CT colonography has had some support as 
a surveillance option for patients with <1 cm adenomas who 
refuse or are not candidates for colonoscopy).1 In fact, utiliz-
ing other surveillance modalities such as fecal occult blood 
testing (positive predictive value in surveillance of <30%) 
has been ineffective at best and is currently discouraged for 
those patients having undergone screening colonoscopy.46

Current recommendations for colonoscopic surveillance 
based on the ASCRS Practice Parameters70 and the joint 
guidelines from the American Cancer Society, the U.S. Multi-
Society Task Force on Colorectal Cancer, and the American 
College of Radiology1,46 are as follows (see also Table 36-
1): Patients with one to two <1 cm tubular adenomas should 
have a repeat in 5–10 years, depending on personal and fam-
ily history. Patients with advanced adenomas or cancer in a 
completely resected polyp or patients with 3–10 adenomas 
all completely removed should have a repeat colonoscopy in 
3 years, assuming a complete colonoscopy in a well-prepared 
colon. If they have more than ten polyps, or an incomplete or 
poorly prepared colon, they should have a repeat in <3 years. 
After the follow-up colonoscopy for these conditions is clear, 
a repeat examination every 5 years is warranted if the repeat 
is normal and well-prepared. Due to a high recurrence rate 
after endoscopic polypectomy, patients with large, sessile 
adenomas that are resected piecemeal should undergo repeat 
in 2–6 months to verify complete removal. Even when the 
endoscopist believes that a large polyp has been completely 
removed, follow-up examinations reveal residual or recurrent 
polyp in approximately 14–55% of patients.44 Once complete 
removal is confirmed, there should be close follow-up of 
these patients with the frequency based on clinical judgment 
(usually within 1 year). Most patients with hyperplastic pol-

yps, except those with hyperplastic polyposis, are considered 
average risk depending on family and personal history oth-
erwise and should continue routine screening. Patients with 
a strong family history of colorectal cancer concerning for 
a hereditary predisposition (e.g., HNPCC/Lynch syndrome, 
familial polyposis, etc.) warrant more frequent surveillance 
(see Chap. 37). Overall surveillance recommendations after 
polypectomy should be individualized based on patient age 
and comorbidity (e.g., after removal of a small tubular ade-
noma, no follow-up may be indicated in elderly patients or 
for those with significant comorbidity).1

Adenoma Prevention

Because the majority of colorectal cancers are thought to 
develop from adenomas, prevention of the development of 
adenomas has been at the center of an extensive body of 
work trying to prevent the development of colorectal cancer. 
Observational studies looking at the affect of diet initially 
suggested that excess dietary fat and limited dietary fiber 
lead to increased incidence of colorectal cancer, but prospec-
tive trials on fiber supplements (e.g., Nurses Health Study) 
as well as dietary fat intake did not show any decrease in 
adenoma development. Certain foods, especially certain fruit 
and vegetable types, have been shown in case–controlled tri-
als to decrease colorectal cancer risk between 13 and 40%, 
but long-term follow-up in large prospective trials such as 
the Polyp Prevention Trial and the Women’s Health Initia-
tive have shown no difference in colon cancer incidence with 
dietary alterations.22 Increased body mass index, decreased 
physical activity levels, red meat intake,71 smoking, and 
alcohol intake have all been lifestyle issues that have been 
associated with increased colorectal cancer risk, but altera-
tions in these factors have not been studied in relation to 
the possible improvement in adenoma or colorectal can-
cer development.22,57 Folate was thought to be an effective 
colorectal cancer preventative agent in observational trials, 
but prospective trials have shown weaker effects leading to 

Table 36-1. Colonoscopy surveillance guidelinesa

Screening colonoscopy finding Recommended follow-up Comments

No polyps 10 year colonoscopy or standard screening 
recommendations

Assumes no familial colorectal cancer history

Small distal hyperplastic polyps 10 year colonoscopy or standard screening 
recommendations

Assumes no hyperplastic polyposis or familial  
colorectal cancer history

£2 small (<1 cm) tubular adenomas 5–10 year colonoscopy Timing based on clinical factors (e.g., family history, 
patient preference, physician judgment)

3–10 adenomas or 1 adenoma >1 cm or any  
adenoma with villous features or high grade  
dysplasia

3 year colonoscopy All lesions completely removed. If follow-up scope  
shows only 1–2 small tubular adenomas, repeat  
colonoscopy in 5 years

>10 adenomas <3 years colonoscopy Consider polyp syndrome

Sessile adenoma(s) removed piecemeal 2–6 months colonoscopy to ensure complete 
excision

Once complete removal confirmed, subsequent  
follow up is based on clinical factors as above

aAssumes a full colonoscopy to the cecum in a well-prepared colon by an experienced endoscopist with a withdrawal time of 6–10 min from the cecum. (Adopted 
from Winawer SJ, Fletcher RH, Miller L, et al. Colorectal cancer screening: clinical guidelines and rationale. Gastroenterology. 1997;112:594–642.)
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low enthusiasm for its use as a chemoprevention agent.10,22 
Chemoprevention methods that have been shown repeti-
tively to lead to decreased adenoma development, however, 
include the intake of aspirin (relative risk between 0.65 
and 0.96 for adenoma formation compared to that of con-
trols), calcium (15% decline in adenoma risk), selenium, 
and cyclooxygenase-2 (cox-2) inhibitors (e.g., celecoxib).22 
Given the variable efficacy of these agents for preventing 
colon cancer, not all are recommended for institution as stan-
dard chemoprevention.72 Of course, the cox-2 inhibitors have 
been the subject of controversy due to their association with 
cardiovascular toxicity that was identified during adenoma 
prevention trials. These agents were shown conclusively to 
decrease the development of advanced adenomas in high-
risk individuals between 28 and 66% after 3 years of use, but 
the longevity of these affects was variable once the agents 
were discontinued due to the concerns about the cardiovas-
cular side effects.73,74 Further studies are ongoing to assess 
means to ameliorate the cardiovascular risks while preserv-
ing the chemoprevention advantages of these agents.

Special Adenomas

Rectal Adenomas

Rectal adenomas often create a more complex situation in 
terms of assessment and management than do colonic ade-
nomas. When larger adenomas are encountered in the rectum, 
they may not be amenable to endoscopic polypectomy and 
therefore transanal excision or transabdominal radical resec-
tion may be necessary to ensure complete extirpation of the 
polyp as well as accurate pathologic assessment. For lesions 
in the lower half of the rectum, transanal excision is generally 
performed and can be facilitated with submucosal injection 
of saline or epinephrine under the lesion and use of any of 
the multitude of hemostasis devices that are available. Patient 
positioning and polyp exposure with appropriate retraction 
instruments and/or operative anoscopes can greatly facilitate 
removal of these sometime complex lesions. Other operative 
options include transsacral (Kraske or York-Mason) or trans-
perineal approaches. For more proximal rectal lesions, tran-
sanal endoscopic microsurgery (TEM) may be appropriate. 
Larger lesions that extend too proximally for transanal exci-
sion will usually be best managed by anterior resection. If the 
lesion extends into the anal canal, anterior resection with anal 
mucosectomy and hand sewn coloanal anastomosis may be 
needed in order to maintain intestinal continuity and avoid the 
need for an abdominoperineal resection for a benign lesion. 
The technical aspects of TEM and the other noted procedures 
are discussed in more detail in Chap. 43.

Resection of difficult sessile rectal polyps (lower and 
middle third of the rectum, primarily) is best performed after 
full evaluation/staging for underlying malignancy using 
endorectal ultrasound or other staging procedure (e.g., MRI 

with endorectal coil). Endorectal ultrasound may offer some 
guidance for therapy after endoscopic polypectomy of a 
malignant polyp.75 In general, however, endorectal ultrasound 
of these lesions is notoriously inaccurate after polypectomy 
due to the postprocedure inflammatory response of the local 
site and local lymph nodes, making accurate determination 
of the polyp stage difficult prior to neoadjuvant therapy or 
resection.76 These staging evaluations are unnecessary if the 
patient is not even a candidate for radical resection or chemo-
radiation if an underlying malignancy were to be found.77

Malignant Polyps

Malignant polyps are defined as pedunculated or sessile pol-
yps with cancer cells penetrating the lamina propria and mus-
cularis mucosa into the submucosa. These polyps (T

1
 lesions 

by definition) account for 2–12% of polyps in colonoscopic 
polypectomy series.78–81 They may appear benign on gross 
endoscopic appearance and are therefore usually noted to 
harbor an invasive malignancy only once they are excised and 
examined histologically. These differ from polyps with high 
grade dysplasia (also called carcinoma in situ) in that dys-
plastic polyps have their malignant component superficial to 
the lamina propria and muscularis mucosa and therefore have 
no chance of metastatic spread. Dysplastic polyps require the 
same follow up as benign polyps as long as they are com-
pletely excised. Malignant polyps also differ from more 
deeply invasive cancers or larger T

1
 lesions in that malignant 

polyps are excisable endoscopically while the more exten-
sive lesions would require surgical resection for cure. The 
risk of a malignant polyp increases with patient age, degree 
of dysplasia noted in the polyp, and polyp size. One study 
noted the risk of cancer in an adenoma to be 1.3% in polyps 
<1 cm, 9.5% in polyps between 1 and 2 cm, and 46% in pol-
yps ³2 cm.79 The risk of malignancy in another series was 2% 
for adenomas 0.6–1.5 cm; 19% for polyps 1.6–2.5 cm; 43% 
for polyps 2.6–3.5 cm; and 76% for polyps >3.5 cm.78

The clinical decision to proceed with further treatment 
after polypectomy for a malignant polyp, such as surgical 
resection or local excision, depends on the patient’s general 
condition and the depth of invasion of the cancer (which 
offers a surrogate for the estimated risk of lymph node 
metastasis).82 Haggitt’s classification system of malignant 
polyps83 is based on the level of invasion into the stalk of a 
pedunculated polyp (or the submucosa underlying a sessile 
polyp) (Figure 36-5):

Level 0 – noninvasive (high grade dysplasia)
Level 1 –  cancer invading through the muscularis mucosa but 

limited to the head of a pedunculated polyp
Level 2 – cancer invading the neck of a pedunculated polyp
Level 3 – cancer invading the stalk of a pedunculated polyp
Level 4 –  cancer invading into the submucosa of the bowel 

wall below the stalk of a pedunculated polyp. All 
sessile polyps with invasive cancer are level 4.
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The stalk of a pedunculated polyp is covered by normal 
mucosa and has a central core of submucosa. A line drawn 
at the junction of normal and adenomatous epithelium is the 
transition between the stalk and the head of the polyp, also 
called the neck (level 2). The risk of lymph node metastasis 
is <1% for pedunculated polyps with Haggitt level 1, 2, or 3 
invasion.79,83–85 The risk of lymph node metastasis for Haggitt 
level 4 lesions, pedunculated or sessile, ranges from 12 to 
25%.79,86–88 In order to better estimate the likelihood of nodal 
metastasis for a sessile malignant polyp (Haggitt level 4), 

Kudo89 further stratified the depth of submucosal invasion 
into three levels (Figure 36-6):

SM
1
 – invasion into the upper third of the submucosa

SM
2
 – invasion into the middle third of the submucosa

SM
3
 – invasion into the lower third of the submucosa

Haggitt levels 1, 2, and 3 are all considered equivalent to 
SM

1
 while Haggitt level 4 may be SM

1
, SM

2
, or SM

3
.

SM
3
 level of invasion seems to have the greatest impact on 

likelihood of nodal metastases relative to SM
1
 or SM

2
.81,82,86,90 

Figure 36-5. Anatomic landmarks of pedunculated and sessile malignant polyps. (Reprinted from Haggitt RC, Glotzbach RE, Soffer 
EE, et al. Prognostic factors in colorectal carcinomas arising in adenomas: implications for lesions removed by endoscopic polypectomy. 
Gastroenterology. 1985;89:328–36. With permission from the American Gastroenterological Society).

Figure 36-6. Depth of submucosal invasion in sessile malignant polyps; Sm
1
: invasion into the upper third; Sm

2
: invasion into the middle 

third; Sm
3
: invasion into the lower third. (Reprinted with permission from Nivatvongs S. Surgical management of early colorectal cancer. 

Surg Clin North Am. 2000;8:1052–5).
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Other factors reported to be associated with an increased risk 
of lymph node metastases include lymphovascular invasion 
(LVI),79,87,91 poor differentiation,79,91–93 gender,94 extensive bud-
ding, microacinar structure,94 and flat or depressed lesions.93 
In a series of 353 T

1
 sessile colorectal cancers, the risk factors 

for lymph node metastasis that were statistically significant on 
multivariate analysis included SM

3
 level of invasion, LVI, and 

location in the lower third of the rectum.86 In another study, 
only SM

3
 invasion was an independent risk factor for lymph 

node metastases.90 A positive polypectomy margin, regarded as 
inadequate treatment for a malignant polyp, has not been shown 
to be associated with increased nodal metastasis in some but 
not all studies,95 but it is associated with increased local recur-
rence, distant metastases, and cancer-related death.79 A dis-
tance of 2 mm beyond the deepest level of invasion is needed 
to consider the margin of polyp resection clear,82 although there 
is debate as to how to define a positive margin.95,96

The rate of lymph node metastases from rectal lesions is 
not different from that of colon lesions. However, T

1
 lesions 

in the distal third of the rectum have been found to have a 
higher risk of lymph node metastases than more proximal 
rectal lesions.79,86 This finding is consistent with the high 
local recurrence rates, in the range of 5–28%, which have 
been observed following full thickness local excision of T

1
 

lesions of the distal rectum.91,92,97,98 Controversy does exist, 
however, with some authors suggesting that malignant pol-
yps in this location can actually be effectively treated endo-
scopically. Current NCCN guidelines for the treatment of 
rectal cancer recommend at least full thickness transanal 
excision of T

1
 rectal cancers.96

In view of the very low risk of lymph node metastases with 
pedunculated polyps with invasion to Haggitt levels 1–3, 
these can be safely treated by margin-negative snare polypec-
tomy. Level 4 pedunculated lesions are treated as sessile ade-
nomas. Sessile lesions that are snared in one piece and have a 
margin of at least 2 mm are considered adequately treated.82 
This excision may be facilitated by endoscopic mucosal 
resection or other techniques described in above. If a piece-
meal polypectomy was performed, margins can be difficult 
to assess adequately and therefore further endoscopic or sur-
gical treatment is necessary to ensure complete removal of 
the polyp, staging, and cure. High-risk sessile lesions, such 
as those with SM

3
, a resection margin of <2 mm, LVI, and/

or poor differentiation should undergo appropriate oncologic 
resection.79 For rectal lesions that are well- to moderately 
differentiated, <3 cm in size, <30% of the circumference of 
the bowel wall, mobile, and nonfixed, within 8 cm of the 
anal verge, without LVI or perineural invasion, and without 
evidence of nodal metastases on preoperative imaging, full 
thickness transanal excision with or without consideration of 
the use of TEM is acceptable based on NCCN guidelines.96 
Otherwise, transabdominal resection is recommended. Tran-
sanal excision of these lesions with adjuvant chemoradiation 
is an alternative approach but not considered the standard of 
care. See also Rectal Adenomas above.

Close endoscopic follow-up is required after polypectomy 
for a malignant polyp due to the concern for local recurrence of 
these lesions. A reasonable schedule is to examine the polypec-
tomy site in 2–3 months and then every 6–12 months for the 
first 2 years with a complete colonoscopy done in the third 
year, and then at 3–5 year intervals depending on other find-
ings and family history. For further discussion about the man-
agement of colorectal malignancies, see Chaps. 41 and 43.

Flat and Depressed Adenomas

Some adenomas display a flat or depressed growth pattern 
and are therefore not considered “true” polyps since they are 
not elevated above the mucosal surface.99 They are defined 
in some classification systems as being elevated <2.5 mm 
off the surface of the colon (“flat” or “nonpolypoid”) or 
depressed into the surface <2.5 mm (“depressed”).41,100 These 
are  concerning in that they have a greater tendency to grow 
laterally or, in the case of the depressed lesions especially, 
into the wall of the colon rather than into the lumen. This 
makes their identification and potential for harboring malig-
nancy concerning (between 27 and 36% of depressed cancers 
invade the submucosa versus <3% of cancers in polypoid 
lesions).41 These lesions are recognized macroscopically by 
color and textural changes and by interruption of the capil-
lary network pattern of the colonic wall.41,99,101 They are most 
readily identified by chromoendoscopy with indigo carmine 
or other dye-spray techniques.102 The pathogenesis of these 
lesions is thought to arise through different mechanisms than 
the traditional adenoma-carcinoma sequence, with a low level 
of k-ras and APC mutations in these lesions, a higher level of 
p53 mutations, and greater prevalence of MSI noted. In addi-
tion, these lesions appear to be more frequently associated 
with de novo adenocarcinomas, thus apparently bypassing 
the adenoma-carcinoma sequence entirely.41

The prevalence of flat and depressed adenomas in three 
Western population studies was approximately 20%, and 
these lesions contained cancer more often than polypoid 
adenomas.103–105 One U.S. series showed <2% of lesions were 
depressed,100 and reassessment of the original U.S. National 
Polyp Study polyp classification showed that 31.4% of the 
polyps in the original study would have been considered 
“flat.”41 Large Japanese series have also shown up to 42% 
of the all identified lesions to be of the nonpolypoid variety 
with <5% being depressed.100 In a large UK study of 1,000 
patients in which chromoendoscopy was used to search for 
small flat lesions, 36% of the 321 detected adenomas were 
flat or depressed.103 The overall risk of a polypoid lesion 
containing early cancer was 8% but was 14% for the flat 
lesions. Flat or depressed lesions that were >1 cm were 
about twice as likely as polypoid lesions of a similar size to 
contain high grade dysplasia or cancer. Twenty nine percent 
of flat lesions >1 cm contained either high grade dysplasia 
or cancer. The average size of advanced flat and depressed 
adenomas is smaller than that of their polypoid counterparts. 
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Because of the risk of cancer, these lesions (except in rare 
cases with a normal overlying mucosal pattern in a <1 cm 
nonpolypoid lesions) should be removed, either by endo-
scopic polypectomy or by operative resection. It has been 
suggested that using special dyes and magnifying colonos-
copy should be incorporated into general endoscopic prac-
tice to better identify these lesions.99

Serrated Polyps

Serrated polyps are a group of morphologically related lesions 
of the colon and rectum that differ in terms of their molecular 
etiology and malignant potential. Initially, these polyps were 
all categorized as hyperplastic polyps, but further research and 
closer histologic assessment revealed subsets of serrated pol-
yps distinct from the benign hyperplastic polyps.55,57,106 Ser-
rated polyps include at least hyperplastic polyps and SSAs. 
Debate continues over the semantics and pathologic features 
of other subtypes of these polyps such as “sessile adenomas,” 
“traditional sessile adenomas,” and “sessile serrated polyps” 
(with interobserver variability as high as 40% among “expert” 
pathologists).56 Concern about the nomenclature is mainly 
due to the use of “adenoma” in the names of these lesions 
and its implications for the malignant potential of these pol-
yps and the need for further surveillance once these lesions 
are identified and treated. For the purpose of this review, the 
term “sessile serrated adenoma” will be used to describe those 
sessile polyps that are dysplastic and are clearly distinct from 
nondysplastic hyperplastic polyps. More important than the 
semantics debate is how the research into these lesions has 
lead to the discovery of the serrated neoplastic pathway, criti-
cal to the development of some sporadic and hereditary col-
orectal cancers with further implications for their treatment.

Hyperplastic Polyps

Hyperplastic polyps are considered metaplastic, nonneoplas-
tic epithelial elevations with well-formed glands and crypts 
with frequent goblet cells (unlike adenomas with few gob-
let cells), although mucin-poor and microvesicular variants 
exist.41,56 Because of the goblet cells, hyperplastic polyps are 
frequently coated with a layer of mucous (again, unlike ade-
nomas), and they don’t show the papillary infoldings or more 
prominent vasculature of adenomas, so this can facilitate their 
gross identification endoscopically. Although hyperplastic 
and adenomatous polyps have characteristic appearances, 
biopsy is needed to confirm the diagnosis, especially with 
smaller lesions. These polyps develop when epithelial cells 
from the base of the crypts differentiate and mature normally, 
but the cells accumulate on the mucosal surface leading to 
crowding of the epithelium and infoldings of the mucosa 
giving them a saw-toothed appearance histologically with-
out dysplasia (Figure 36-7). This crowding is thought to be 
due to delayed shedding of the epithelial cells on the surface 
of the polyp and a failure of programmed cell death.52,107–109 

Endoscopic diagnosis based on visual appearance alone with 
standard colonoscopy has a sensitivity of 80% and specific-
ity of 71%.109 Chromoendoscopy can improve the ability to 
distinguish hyperplastic from adenomatous polyps. Hyper-
plastic polyps have a characteristic star-like pit pattern when 
stained with indigo carmine and assessed with magnifying 
colonoscopy. The sensitivity and specificity of this technique 
in discriminating between adenomatous and nonadenoma-
tous polyps was found to be 93 and 95%, respectively.57,111

Hyperplastic polyps have a prevalence of 10–15% in adults 
in Western populations and represent 25% of all endoscopi-
cally excised polyps. They are usually small (<5 mm), sessile, 
and often are present in multiples. They are found primarily 
in the distal colon and rectum, although larger or more proxi-
mal lesions are described.44,56 They are rarely symptomatic 
regardless of location. Because of their predominantly distal 
location, hyperplastic polyps are commonly found on flex-
ible sigmoidoscopy. In a study of 1964 diminutive (£5 mm) 
polyps on sigmoidoscopy, 41% were adenomas, 37% hyper-
plastic polyps, and 18% nonneoplastic.11 Hyperplastic polyps 
are found more commonly in patients who smoke, consume 
alcohol, and have low dietary folate intake.56

Data conflict as to whether hyperplastic polyps found on 
a screening examination represent an increased risk of syn-
chronous or metachronous neoplasia. While some authors 
have suggested that left-sided hyperplastic polyps are predic-
tors of proximal adenomas, the U.S. National Polyp Study 
found no association between left-sided hyperplastic polyps 
and synchronous adenomas.36 A report using data from two 
large chemoprevention studies demonstrated that hyperplas-
tic polyps were not predictive of an increased risk of devel-
oping adenomatous polyps on follow-up colonoscopy.112 
Multiple professional societies state that hyperplastic polyps 
found on flexible sigmoidoscopy are not an indication for 
colonoscopy and that small, distal hyperplastic polyps on 
colonoscopy do not warrant more frequent surveillance.1,113

Figure 36-7. Microscopic view of a hyperplastic polyp (Courtesy 
of William Chopp, MD).
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The risk of cancer developing in small, distal hyperplastic 
polyps is so small that these lesions do not warrant treatment, 
but lesions >1 cm and those identified in the proximal colon 
should be excised.41 While the majority of hyperplastic polyps 
are thought to be nonneoplastic, these lesions have been impli-
cated in the pathogenesis of some MSI-related and sporadic 
colorectal cancers. Their malignant degeneration is thought 
to occur through the serrated neoplasia pathway described 
below, but this is more likely due to misclassification of a SSA 
as a hyperplastic polyp.

The rare hereditary syndrome of hyperplastic polypo-
sis facilitated the identification of the serrated neoplasia 
pathway once it was appreciated that this syndrome was 
not without cancer risk. This syndrome is characterized by 
either ³30 hyperplastic polyps regardless of size or location 
or by five large (at least one or two being >1 cm) proximal 
hyperplastic polyps or by any number of hyperplastic pol-
yps with a positive family history of hyperplastic polyposis. 
The more diffuse variety is thought to have a low malignant 
potential and be associated with k-ras mutations while the 
type with larger more proximal lesions (more likely SSAs 
than true hyplerplastic polyps) are thought to have greater 
malignant potential through the BRAF/MSI-related serrated 
neoplasia pathway.56,57 The actual genotypic and phenotypic 
definitions of this syndrome remain under debate. Reports 
of patients with hyperplastic polyposis syndrome showed 
an average age of 52 years, >100 polyps in half the cases, 
an average polyp diameter of 16 mm (range 5–45 mm), and 
more than half of the patients had a cancer present (half of 
these in the right colon).103,108 Management of this syndrome 
includes endoscopic removal of all polyps >5 mm and con-
sideration of total abdominal colectomy and ileorectal anas-
tomosis (lifelong distal endoscopy still required) for those 
patients who wish to avoid repeat colonoscopy or if their 
lesions are not endoscopically treatable due to polyp size, 
number, or presence of malignancy. Genetic counseling and 
familial assessment is recommended despite the lack of a 
clear gene for testing. Surveillance colonoscopy is recom-
mended every 1–2 years with consideration for the use of 
chromoendoscopy to facilitate identification of the polyps.57

Sessile Serrated Adenomas

SSAs are uncommon polyps accounting for approximately 
0.2–9% (usually <2%) of colorectal polyps, depending on 
the definition used.56,114,115 Initially, these were described as 
hyperplastic polyps that contained adenomatous features but 
were later delineated as intermediate polyps. The SSA has 
exaggerated serrated crypts that are longer and broader than 
in hyperplastic polyps but still has a similar serrated or saw-
tooth epithelial appearance.57 The SSA crypts contain cells 
with slight cytologic atypia like enlarged hyperchromatic 
and stratified nuclei (as in adenomas) as well as cells with 
normally arranged, small, basal nuclei (as in hyperplastic 
polyps).103,108 They are also characterized by dilated crypts 
and crypt branching as well as hypermucinous epithelium 

(Figure 36-8).56,57 Endoscopically, many SSAs grossly 
appear like hyperplastic polyps with pale, slightly protruding 
lesions, and most are in the range of 0.2–7.5 mm in diameter  
(Figure 36-9). Some SSAs are larger, however, and may 
resemble villous adenomas grossly. Unlike hyperplastic pol-
yps, SSAs are more often found in the proximal colon and 
cecum. It is unclear whether SSAs develop in association 
with hyperplastic polyps or develop de novo, but it appears 
that the former is more likely based on molecular and patho-
logic studies.57

The relationship between SSAs and cancer has evolved 
since their initial description in the early 1990s and has 

Figure 36-8. Microscopic view of a sessile serrated adenoma 
(Courtesy of M. Kay Washington, MD, PhD).

Figure 36-9. Endoscopic appearance of a sessile serrated adenoma.
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 elucidated the serrated neoplasia pathway. In one report, 
5.8% of colorectal cancers were associated with an adjacent 
SSA and up to 37% of SSAs harbored dysplasia.56,57,110,115 
One review concluded that the risk of high grade dysplasia 
was the same in SSAs as in the more common adenoma-
tous phenotypes.115 In addition, the association of cancer 
with hyperplastic polyposis syndrome (when the syndrome is 
characterized by the SSA-predominant type of polyps) seems 
to make the link between SSAs and cancer development more 
conclusive. The relative rarity of SSAs being identified at the 
time of malignant transformation may be due to a rapid transi-
tion from dysplasia to malignancy in these lesions. This may 
be similar to the quick malignant transformation in HNPCC-
associated cancers due to germline mismatch repair deficiency. 
The serrated neoplasia pathway is believed to be character-
ized by initial loss of BRAF with subsequent hypermethyla-
tion of promoter regions of a number of genes including the 
hMLH1 mismatch repair gene leading to MSI phenotype can-
cers. When SSAs are found concomitantly with a cancer, their 
molecular characteristics are often similar, including loss of 
the hMLH1 protein, further supporting the serrated neoplasia 
theory.55 Individuals with sporadic colorectal cancer with high 
level MSI (MSI-H) cancers are four times more likely to har-
bor at least one serrated polyp than individuals with low MSI 
cancers.103 Sporadic adenocarcinomas arising through the ser-
rated neoplasia pathway occur in older patients (>70 years), 
have a female gender bias, and are predominantly located in 
the right colon, similar to SSAs. Because the rate of malig-
nant degeneration of SSAs and their recurrence rate have not 
been determined, current recommendations support manage-
ment and surveillance similar to traditional adenomas.55,56 Ini-
tial detection and treatment of SSAs is also facilitated by the 
techniques useful in identifying hyperplastic polyps including 
chromoendoscopy and magnification colonoscopy.57

Hamartomas

The term hamartoma was originally coined by Albrecht 
in 1904 to refer to abnormally arranged but nondysplastic 
architecture of any of the layers of the normal lining of the 
colon (or other tissues).116 These polyps are usually consid-
ered nonneoplastic except when associated with rare heredi-
tary disorders that have been linked to an increased risk of 
colorectal cancer and include the following: familial juvenile 
polyposis syndrome (JPS), Peutz–Jeghers syndrome (PJS), 
PTEN hamartoma tumor syndrome (PHTS), multiple endo-
crine neoplasia syndrome 2B, hereditary mixed polyposis 
syndrome, Cronkhite–Canada syndrome, basal cell nevus 
syndrome, and neurofibromatosis 1 (some of which are dis-
cussed in Chap. 37). These conditions represent the etiology 
of <1% of all gastrointestinal malignancies.117

Whether part of a syndrome or when occurring as a spo-
radic hamartomatous polyp, there are two primary hama-
rtoma types described in the colon: juvenile (or retention) 
polyps and Peutz–Jegher type polyps. The former term was 
introduced in the late 1950s by Horrilleno after a review of 

pediatric colorectal polyps, but they are named based on 
their histology and not the age of presentation as they can 
occur at any age.118 Juvenile polyps are characterized by 
three classic histologic features including dilated mucous-
filled glands/retention cysts lined by columnar epithelium, 
an expanded and abundant lamina propria, and infiltration of 
inflammatory cells, often eosinophils.118,119 The muscularis 
is not usually part of the structure of these polyps. They are 
usually round with a smooth, often shiny appearance and are 
frequently pedunculated. Juvenile polyps can reach several 
centimeters in diameter.119 These are differentiated from the 
Peutz–Jegher type polyp which are grossly more red and 
lobulated with their histology characterized by arborizing 
smooth muscle proliferation from the muscularis mucosa 
that is then lined by normal colonic epithelium with exten-
sive goblet cells (Figure 36-10). Neither of these polyp types 
is characterized by abnormal mucosal lining or increase in 
mitoses to suggest premalignancy.117

The majority of isolated colorectal hamartomas pres-
ent as juvenile polyps before the age of 10 with a peak 
presentation around the age of 5 years and are diagnosed 
with endoscopic assessment and biopsy/excision. Sporadic 
hamartomas represent <1% of polyps identified in adults, 
are usually larger than 1 cm and pedunculated at the time of 
diagnosis.120 The majority of these isolated polyps in adults 
and children are found in the sigmoid colon and rectum and 
present with symptoms of rectal bleeding and/or polyp pro-
lapse, but patients may present with anemia, diarrhea, and/or 
mucoid stools. Colonic intussusception is rarely associated 
with more proximal polyps. These polyps can autoamputate 
when they become larger due to their long stalks, and they 
can therefore be passed in the stool. Treatment of hamar-
tomas is usually endoscopic but may require resection if the 
polyp is too large to be removed endoscopically or if there is 
evidence of malignancy within the polyp.

Malignant degeneration of solitary colorectal hamartomas 
appears to be a very rare phenomenon, so much so that some 

Figure 36-10. Microscopic view of a hamartomatous Peutz–Jegher 
polyp (Courtesy of Tonia Zuluaga Toro, MD).
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authors feel that this is purely “coincidental.”119 The malignant 
degeneration of these polyps in the hamartomatous polyposis 
syndromes is not well understood. Theories have been based 
on histologic findings of hamartoma-related adenomas and 
cancers as well as genetic studies in hamartomatous poly-
posis syndrome patients. These theories include a mecha-
nism whereby changes affecting the lamina propria may 
lead directly to epithelial cancers and/or alterations in cell 
polarity (due to STK11 mutations) combined with colonic 
stem cell expansion leading to cancers (hamartoma to carci-
noma sequence),118,119 a hamartoma to adenoma to carcinoma 
sequence mechanism,119,121 or simply “traditional” degenera-
tion of sporadic adenomas in the setting of hamartomatous 
polyps.119 More specific theories of malignant degeneration 
of these polyps suggests that it is related to aberrations in 
the TGF-b pathway that has been associated with colorectal 
cancers in Lynch syndrome/HNPCC as well as in some spo-
radic microsatellite unstable cancers, perhaps due to SMAD4 
mutations (a tumor suppressor gene associated with some 
hamartomatous polyposis syndromes). Further studies are 
ongoing to elucidate the likely multifactorial mechanisms 
associated with the degeneration of these polyps.

Inflammatory Polyps

Inflammatory polyps are islands or elevations of normal or 
near-normal colonic mucosa and submucosa surrounded by 
denuded or abnormal colonic lining and therefore are not con-
sidered true “polyps” (Figure 36-11). They are usually associ-
ated with a chronic inflammatory process of the colon, 
especially with inflammatory colitis (Crohn’s and ulcerative 
colitis) but can also be due to regeneration of the colonic lining 
in inflammatory, infectious, or ischemic conditions.122 Symp-
toms from the polyps including bleeding and diarrhea can be 
difficult to differentiate from the symptoms of the underlying 
condition leading to the development of these polyps.123 Rarely, 

obstruction or intussusception can occur if the inflammatory 
polyps become very large (“giant inflammatory polyposis”).124 
Treatment is focused on the underlying disease causing the 
chronic inflammation or ischemia. Inflammatory polyps are 
not neoplastic but can make screening for neoplasia in chronic 
inflammatory conditions of the colon difficult due to their con-
cerning appearance with endoscopic surveillance and their 
potential to mask an underlying malignancy.125
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37
Hereditary Colorectal Cancer
James Church

Colorectal cancer is both a genetic and epigenetic disease. 
It arises because of an accumulation of genetic and epige-
netic abnormalities that perturb gene expression and lead 
to carcinogenesis within the colorectal mucosa. The classes 
of genes primarily involved are largely those concerned 
with regulation of cell growth: tumor suppressor genes and 
proto-oncogenes, and the average sporadic colorectal can-
cer has accumulated 90 different mutations.1 Most muta-
tions occur because of the environment. However, about 
one third of colorectal cancers have a hereditary compo-
nent. Hereditary colorectal cancer is important because 
members of affected families can be identified as high 
risk and be advised to have early, intensive surveillance or 
even prophylactic surgery, because of the complex, multi-
disciplinary care the families need, and because of what it 
teaches about the biology of sporadic colorectal cancer. In 
this chapter, the syndromes of hereditary colorectal cancer 
are reviewed.

Hereditary colorectal cancer can be broadly divided 
into non-syndromic and syndromic conditions (Figure 37-1). 
Non-syndromic hereditary colorectal cancer refers to 
familial clustering that does not fit criteria for the defi-
nition of a syndrome. It is associated with a significantly 
increased risk of colorectal cancer but finding a germ line 
mutation in a tumor suppressor gene is unlikely. However, 
because the criteria used to define hereditary colorectal 
cancer syndromes are not completely sensitive, some of 
these families may turn out to be “syndromes in disguise.” 
They may also represent inheritance of one or more poly-
morphisms that confer an altered risk for colorectal cancer, 
a particularly strong, shared environmental factor, or they 
may just be unlucky families. Syndromic hereditary col-
orectal cancer is more important, however, because of the 
extremely high level of risk associated with it and because 
it is relatively easier to identify.

Syndromic Hereditary Colorectal Cancer

A syndrome is a condition characterized by a constellation 
of symptoms, signs, and associations that go together so that 
the presence of one feature may alert the clinician to the 
presence of others. Hereditary colorectal cancer syndromes 
can be broadly separated into those that are associated with 
multiple polyps (the hereditary polyposis syndromes) and 
those that are not (hereditary non-polyposis colorectal can-
cer (HNPCC)). These syndromes and their definitions are 
listed in Table 37-1. All of them confer an enhanced risk of 
colorectal and extracolonic cancers on affected patients, and 
demand a sophisticated knowledge of genetics, medical, and 
surgical treatment from caregivers.

The Polyposis Syndromes

Multiple colorectal polyps occur in a number of conditions, 
and include lymphoid follicles, so common and so promi-
nent in young patients, the inflammatory and pseudo-polyps 
of colitis, intestinal lipomatosis, and neurofibromatosis. 
Usually, these can all be identified histopathologically, and 
are not discussed further in this chapter. However, biopsy of 
a sampling of polyps is always essential in diagnosing poly-
posis syndromes.

The Adenomatous Polyposes

Familial Adenomatous Polyposis

Familial adenomatous polyposis (FAP) is an autosomal, 
dominantly inherited condition due to a germ line mutation 
of APC, which occurs with a frequency of about 1:10,000 
live births.2 About 22% of germ line APC mutations occur 
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“de novo,” meaning that there is no family history of the 
 syndrome.3 Inactivating mutations of this tumor suppressor 
gene result in a generalized disorder of growth regulation 
with a range of clinical manifestations, principally the forma-
tion of multiple gastrointestinal adenomas and carcinomas. 
FAP is thought to account for between 0.05% and 1% of all 
colorectal cancers. Patients with a diagnosis of FAP and their 
family should be referred to a polyposis registry.

Polyposis Registries

The aim of polyposis registries is to provide counseling, 
support, and clinical services for families with FAP.4 This 

includes thorough pedigree analysis and identification of 
at-risk family members, who are offered genetic testing and 
clinical surveillance. Those shown to be affected can be 
offered prophylactic surgery. Some registries also coordinate 
postoperative surveillance and provide a focal point for edu-
cation, audit, and research.

Observational studies suggest that the introduction of reg-
istries, together with the use of prophylactic surgery, has led 
to increased life expectancy and a dramatic reduction in the 
incidence of colorectal cancer in FAP.5

Features of FAP

The Large Bowel. The cardinal manifestation of FAP is the 
development of over 100 colorectal adenomatous polyps, 
one or more of which inevitably progress to carcinoma if 
not removed (Figure 37-2). Polyps usually appear in adoles-
cence, with colorectal cancer diagnosed at an average age of 
about 40 years. The severity of the colorectal polyposis is 
an important determinant of treatment and is used to define 
the pattern of FAP. Patients with less than 100 adenomas are 
classified as having attenuated FAP and this phenotype over-
laps significantly that of MYH-associated polyposis (MAP). 
Patients with 100–1,000 adenomas have classical FAP while 
those with >1,000 adenomas have profuse FAP. Polyposis 
severity is partly a reflection of the location of the APC 
mutation6 and partly due to unidentified modifying factors. 

Table 37-1. Hereditary colorectal cancer syndromes

Polyposis syndromes Phenotypic definition Genotype

Familial adenomatous polyposis Attenuated: <100 synchronous adenomas Dominant inheritance of germ line mutation  
in APCMild: <1,000 synchronous adenomas

Severe/Profuse: >1,000 synchronous adenomas
MYH-associated polyposis Attenuated/mild polyposis Recessive inheritance: biallelic mutations  

of hMUTYH
Hyperplastic polyposis >30 hyperplastic polyps of any size or location Unknown

>10 hyperplastic polyps proximal to sigmoid, 2 >10 mm
Any number of hyperplastic polyps with a family history  

of hyperplastic polyposis
Hamartomatous polyposes Two of the following criteria:
 1. Peutz–Jeghers syndrome Mucocutaneous pigmentation Dominant inheritance of germ line mutation  

in STK11Gastrointestinal Peutz–Jegher’s polyps
Family history of Peutz–Jegher’s polyposis

 2. Juvenile polyposis coli >4 Juvenile polyps in the colorectum Dominant inheritance of germ line mutation  
in SMAD4 or BMPR1Any number of juvenile polyps and a family history  

of juvenile polyposis
 3.  PTEN tumor-hamartoma  

syndromes
Dominant inheritance of a germ line mutation 

in PTEN
  (a) Cowdens syndrome International Cowden Consortium Criteria
  (b)  Bannayan Ruvalcaba Riley 

syndrome
  (c) Proteus syndrome
Non-polyposis colorectal cancer
Lynch syndrome Dominant family history, microsatellite unstable  

(high) colorectal cancer, young age of onset
Dominantly inherited germ line mutation 

of DNA mismatch repair gene: hMLH1, 
hMSH2, hPMS2, hMSH6

Familial Colorectal Cancer Type X Dominant family history, microsatellite stable tumor Unknown

Figure 37-1. Colorectal cancer viewed broadly.
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The “hotspot” mutation at APC codon 1309 is  reliably asso-
ciated with profuse polyposis.7

Genetics

The APC Gene. APC is a large gene on chromosome 5q21 
(q = the long arm). It is a key (gatekeeper) gene in colorec-
tal carcinogenesis and is mutated in a majority of sporadic 
colorectal cancers.8 Over 820 different germ line APC muta-
tions causing FAP have been identified, almost all result-
ing in truncation of the APC protein.9 Mutations have been 
found between codons 168 (exon 4) and 2839 (exon 15), but 
most are between codons 168 and 1640 (exon 15) in the 5¢ 
half of the coding region, with a particular concentration at 
two “hotspots,” codons 1061 and 1309.

The APC Protein. APC is expressed in all organs, but the 
mRNA is found at particularly high levels in normal colonic 
mucosa.10 In many epithelia, APC is only found when cell 
replication has ceased and terminal differentiation is estab-
lished.11

The 300 kDa APC protein is found in the cytoplasm and has 
sites of interaction with a range of other proteins, including 
b-catenin and the cytoskeleton. It plays a central role in the 
highly conserved Wnt signaling pathway, which is involved 
in the normal development of three-dimensional structures 
and is abnormally activated in some malignancies. APC 
binds and downregulates cytoplasmic b-catenin, preventing 
its translocation to the nucleus. Abnormal APC fails to do 
this so that b-catenin is free to enter the nucleus and form a 
complex which results in specific transcription of cell cycle 
stimulating DNA sequences, and hence cell proliferation.12

Genotype–Phenotype Correlation in FAP. There is evi-
dence of correlation between the position of the germ line 
APC mutation (genotype) and some aspects of phenotype 
 (Figure 37-3). Mutation at codon 1309 is associated with pro-
fuse polyposis,6,7,13 and between codon 1250 and 1464 with 
earlier onset of, and death from, colorectal cancer. Mutations 

located 5¢ of codon 160 and 3¢ of codon 1597 are associated 
with mild or attenuated colonic polyposis,14 accounting for 
about 10% of those affected.

Some extracolonic manifestations have also been associ-
ated with mutations at certain sites, although not for upper 
gastrointestinal polyposis.6,15 Congenital hypertrophy of the 
retinal pigmented epithelium (CHRPE) occurs only with 
mutations between codons 450 (exon 9) and 1444.16 The asso-
ciation of desmoid disease with germ line APC mutations 3¢ 
of codon 1444 can be clinically important,17 although identi-
cal APC mutations may be associated with diverse pheno-
types, suggesting that other genetic modifiers are involved.18 
The environment probably has some influence.

Clinical Variations of FAP

Extracolonic Manifestations. The extracolonic manifesta-
tions of FAP are shown in Table 37-2. Two of these, duodenal 
cancer and desmoid disease, are major sources of morbidity 
and mortality (Figure 37-3).19 Other features may be a use-
ful clue in diagnosis. CHRPE are hyper- or hypo-pigmented 
spots seen on retinal examination. They have no effect on 

Figure 37-2. The large bowel in classical familial adenomatous 
polyposis.

Figure 37-3. Schematic representation of the APC gene showing 
genotype–phenotype correlations.

Table 37-2. Extracolonic features of familial adenomatous  polyposis 23

System Feature Frequency (%)

Upper  
gastrointestinal tract

Upper gastrointestinal adenomas 95
Upper gastrointestinal carcinoma 5
Fundic gland polyps 40

Connective tissue Osteomas (especially jaw) 80
Desmoids 15

Dental Unerupted and supernumerary 
teeth

17

Cutaneous Epidermoid cysts 50
Endocrine Adrenocortical adenomas 5

Papillary thyroid carcinoma 1
Hepatobiliary Biliary tract carcinoma <1

Hepatoblastoma <1
Central  

nervous system 24 

Congenital Hypertrophy  
of the Retinal Pigmented  
Epithelium (CHRPE)

75

Tumors (especially  
medulloblastoma)

<1
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vision but act as markers of FAP in the 66% of families that 
have four or more in both eyes.20

Attenuated Familial Adenomatous Polyposis. A group of 
patients have been described who develop fewer than 100 
colorectal adenomas (oligopolyposis) at a greater age (34–44 
years) than in “classical” FAP, but who are at high risk of 
colorectal cancer, may exhibit extracolonic manifestations 
and carry a germ line APC mutation.21 The colorectal can-
cers have a later age of onset than with classical or profuse 
FAP (mean age 56 years). The polyps have a rather differ-
ent distribution, being more frequently found proximal to 
the splenic flexure, and their number varies significantly 
between family members, some of whom may have hun-
dreds of adenomas.

The genotype of this group of patients may be one of the 
three: germ line APC mutation, biallelic MYH mutations, 
and germ line DNA mismatch repair (MMR) gene muta-
tions. APC mutations associated with attenuated familial 
 adenomatous polyposis (AFAP) are at either end of the gene: 
exons 3 and 4, at the 5¢ end of the gene, and also at the 3¢ end of 
exon 15. Fundic gland polyps (FGP) and duodenal adenomas 
are frequent, but CHRPEs are not found in this group. Des-
moid disease is rare in those with a 5¢ mutation but families 
with 3¢ mutations (beyond about codon 1444) have a high 
risk of desmoid disease together with attenuated polyposis. 
The missense APC mutation I1307K has been identified in 
Ashkenazi Jews with multiple adenomas and E1317Q [22]  
has also been found in association with AFAP. When APC 
is normal, up to 30% of patients with oligopolyposis have 
biallelic MYH mutations.22

It is can be difficult to recognize AFAP clinically, leading 
to the clinical situation of an obstructing transverse colon 
cancer where right-sided polyposis is only found when the 
specimen is opened.

Because the polyps in AFAP are predominantly right-
sided, screening and work-up must include a full colonos-
copy. Genetic testing for germ line APC and MYH mutations 
has a relatively low yield, partially because of technical dif-
ficulties in detection of abnormalities that may be present 
and partly because gene expression may be lost for reasons 
other than a mutation. A careful search (including upper gas-
trointestinal endoscopy) for extracolonic features of FAP, 
dye-spray colonoscopy to confirm polyp number, and testing 
of tumor or polyp tissue for microsatellite instability (MSI) 
and MMR immunohistochemistry (IHC) (to exclude Lynch 
syndrome) may be helpful. Genetic testing for a germ line 
APC/MYH mutation should be pursued in patients with a 
total of ten or more colorectal adenomas, especially if there 
is a positive family history for colorectal adenomas or can-
cers. A positive result has implication for family screening, 
but the patient is managed in the same way regardless of the 
result. If the polyps are controllable endoscopically, then 
yearly colonoscopy is reasonable. If the adenoma burden is 
uncontrollable or dangerous, colectomy with ileorectal anas-
tomosis (IRA) should be performed.

Gardner’s Syndrome. Gardner described the association 
between FAP and epidermoid cysts, osteomas and “fibro-
mas” (later found to be desmoid tumors) in 1953. The term 
“Gardner’s syndrome” was later used to describe colorectal 
adenomatous polyposis occurring with these extracolonic 
manifestations. However, Gardner’s syndrome is genetically 
the same as FAP, and systematic examination23 has revealed 
that most patients with FAP have at least one extra-intestinal 
feature. Though it is of historical interest, the term “Gard-
ner’s syndrome” is no longer considered a genetic or clini-
cally useful entity and should be regarded as obsolete.

Turcot’s Syndrome. This is the association between col-
orectal adenomatous polyposis and central nervous system 
tumors. Recent molecular genetic investigation24 has shown 
that about two thirds of families have mutations in APC, with 
cerebellar medulloblastoma as the predominant brain tumor. 
Most of the other third, including Turcot’s original family, 
appear to be variants of HNPCC with glioblastoma as the 
predominant brain tumor, and multiple (but fewer than 100) 
colorectal adenomas.

Presentation

Patients with FAP present either with or without symptoms 
(on screening). There is a significant difference in can-
cer incidence between these two groups, with over 60% of 
unscreened, symptomatic patients having colorectal cancer 
at presentation.25

Screening

Clinical FAP screening begins at puberty because the risk 
of colorectal cancer under the age of 12 years is very small. 
Genetic testing of at-risk family members in a family with a 
known mutation usually starts when endoscopic surveillance 
would start, at ages 12–14. Earlier testing may be requested 
in a family where a relative has had hepatoblastoma but this 
is unusual. When a relative is identified as a mutation car-
rier, full colonoscopy is performed. EGD screening usually 
begins at age 20 years. Thyroid screening with ultrasound 
should also start then.

If genetic testing is uninformative or cannot be done in a 
family with classical FAP, endoscopic screening starts at age 
12–14 with flexible sigmoidoscopy. An alternative would 
be to do retinal examinations for CHRPE or look for other 
extracolonic examinations with a skull X-ray or panorex 
examination of the jaw. If a marker of FAP is found, full 
colonoscopy follows. The polyp burden is documented endo-
scopically and histologically and a decision made regarding 
the timing and type of surgery.

Symptoms

About 22% of FAP patients have no family history. While 
this may be because of adoption, non-paternity, ignorance 
or alienation from the family, most of the cases are due to a 
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de novo mutation (occurring at conception).3 The first thing 
that the patient knows of the lurking danger in their colon is 
the rectal bleeding, abdominal pain or diarrhea caused by the 
neoplasia. Symptomatic patients need expeditious surgery 
after a diagnostic colonoscopy and EGD. Their parents and 
siblings are usually unaffected although family screening 
should be done either genetically or endoscopically. Their 
children are at the usual 50% risk of inheriting the disease.

Diagnosis

Genetic Testing. Genetic testing should be preceded by 
counseling, ideally from a Genetic Counselor. Counseling 
includes the provision of written information about the pro-
cess and its consequences, after which informed consent is 
documented. The implications of genetic testing with respect 
to confidentiality, employment, insurance, and other financial 
issues vary from country to country, but must be discussed 
prior to testing. In the USA, the Genetic Information Non-
discrimination Act (GINA) that became law in 2008 offers 
protection against genetic discrimination in Health and Life 
insurance. Posttest counseling deals with the implications of 
the genetic test results, and may include psychological help 
to deal with emotional reactions, such as guilt (in an unaf-
fected person), anxiety (in an affected person), and the effect 
of the results on family relationships.

DNA from an individual with FAP is sequenced to identify 
a mutation in APC, a process which is successful in about 80% 
of cases. Failure to detect an APC mutation does not exclude 
a diagnosis of FAP, and may occur for a variety of reasons, 
including the presence of large deletions or missense muta-
tions. Such results have been misinterpreted as ruling out the 
diagnosis of FAP,26 with potentially serious consequences.

If a deleterious mutation is found in an affected family 
member, at-risk family members can be offered predictive 
testing with a high degree of accuracy. This is generally done 
between the ages of 12 and 15 years, when the individual is 
old enough to take part in genetic counseling. There is no 
need for testing to be done earlier, as the disease does not 
usually become clinically manifest and treatment is rarely 
indicated before the mid-teens. When an individual does 
not carry the family mutation, that person can be discharged 
from further surveillance and be reassured that they do not 
have FAP. This removes the costs and risks of endoscopic 
surveillance, as well as the anxiety of living with a potential 
diagnosis of FAP. A positive test result allows surveillance 
and prophylaxis to be targeted to those who need it, and 
knowledge of the site of mutation can aid decision making 
with regard to prophylactic surgery.

If no mutation can be found in an affected patient, then the 
family must be managed without genetic testing. The nega-
tive result does not mean that the family does not have FAP; 
it means that the genetic cause of the FAP has not been found. 
Under these circumstances, a negative result in an at-risk rela-
tive is unhelpful. In such kindreds, at-risk individuals should 
be offered regular clinical surveillance with flexible endos-

copy. This starts at the age of 12–14 years, when  adenomas 
would be expected to develop. While there have been reports 
of polyps and even cancers occurring earlier than this, they 
are very rare. Clearly, anyone at risk of FAP should undergo 
full colonoscopy if they become symptomatic.

Management of the Large Bowel

Aims of Treatment. While the prevention of cancer remains an 
important priority in the management of patients with heredi-
tary colorectal cancer, maintaining the quality of life is also 
important. This is especially the case in young, asymptom-
atic patients who have been diagnosed by screening. Where 
options exist for the timing and type of surgery, those with 
the least impact on social, academic, and vocational activities 
should be chosen. After all, surgery will not cure FAP.

Prophylactic Surgery. Patients with FAP, if untreated, are 
almost guaranteed to develop colorectal cancer. Prevention of 
cancer by endoscopic control of the polyposis is not possible 
and so colectomy or proctocolectomy is necessary to prevent 
cancer. Newly diagnosed patients are generally referred to a 
surgeon soon after diagnosis, and if the diagnosis is certain, 
then surgery is inevitable. The two questions that the surgeon 
must answer concern the timing and the type of surgery.

Timing. Patients with severe polyposis (over 1,000 colonic 
or over 20 rectal polyps), or those who are symptomatic, 
should have surgery as soon as possible. In asymptomatic 
patients with mild disease (100–1,000 adenomas, all <1 cm, 
none with severe dysplasia), surgery can usually be delayed 
until the patient reaches appropriate physical and intellectual 
maturity. An important reason for delay is the concern for 
the development of desmoid disease. Affected women with 
a family history of desmoid disease, extracolonic manifesta-
tions of Gardner’s syndrome and a 3¢ APC mutation are at 
highest risk.27 As long as surgery is delayed, annual colonos-
copy is recommended to monitor the polyps. Most patients 
with classical polyposis have surgery between the ages of 16 
and 20, which is well before cancer usually develops.

Choice of Operation. The colorectal surgical options for 
the management of FAP are proctocolectomy with end 
ileostomy (with or without Koch pouch), colectomy with 
IRA or proctocolectomy with ileoanal pouch (IPAA). Few 
patients desire a permanent ileostomy, and so proctocolec-
tomy with ileostomy is rarely done. It remains an option 
which may be necessary if a low rectal cancer invades 
the anus, if ileoanal pouch formation is impossible (e.g., 
because of mesenteric desmoid) or ill advised (e.g., in the 
presence of poor sphincter function). In most cases, how-
ever, the choice of surgery is between the latter two options, 
and is a matter of considerable ongoing debate, the essence 
of which is the balance between functional results and mor-
bidity of surgery on the one hand and prevention of cancer 
on the other. Both procedures can be performed with lap-
aroscopic mobilization of the colon so that a long midline 
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incision is not essential. Minimally  invasive technique 
offers the advantages of less pain and quicker recovery, 
advantages that are especially important in the context of 
familial disease in teenagers.

IRA is more straightforward to perform than IPAA, and 
requires only one procedure, with a shorter hospital stay and 
fewer complications.28 The risks of erectile and ejaculatory 
dysfunction caused by nerve damage during pelvic dissec-
tion are minimized, as is the significant reduction in fecun-
dity observed in women after IPAA.29 In addition, bowel 
frequency and soiling are less,30 and no temporary stoma is 
necessary. In a teenager facing prophylactic surgery, these 
factors are important, particularly when most cancer risk is a 
few decades away and later conversion to a pouch is usually 
possible.

The critical aspect of cancer control in patients with an IRA 
is correct selection of which rectum to keep. Polyp counts 
are a reliable way to identify a low-risk rectum,31 but patients 
still need yearly surveillance proctoscopy. Any polyps over 
5 mm should be removed and polyps with high-grade dys-
plasia are relative indications for completion proctectomy. 
Occasionally, a patient with severe rectal polyposis has an 
IRA as the index surgery in FAP. This rectum is at high risk 
of progressive polyposis and cancer.32

Compared to an IRA, IPAA has the advantage of remov-
ing the entire colon and rectum. Although complication rates 
and functional results have improved with experience, they 
are still worse than those associated with IRA. There has 
been controversy over the need for mucosectomy to remove 
the anorectal transition zone, which theoretically prevents 
cuff neoplasia, but causes more complications and perhaps 
poorer function. Dysplasia in the transition zone occurs after 
both double-stapled and mucosectomy techniques and the 
latter is probably only indicated in individuals with severe 
low rectal polyposis.33 The indications and contraindica-
tions, advantages and disadvantages of each surgical option 
are summarized in Table 37-3.

In summary, IRA is reasonable and safe in mildly affected 
patients, particularly if there are fewer than five rectal polyps. 
Most individuals presenting with severe polyposis or those 
known to carry a mutation in codon 1309 should be advised 
to undergo IPAA. But there are other issues. Pouch surgery 
in young men has an approximately 1% risk of damage to 
erection, ejaculation, and bladder function; in women, fertil-
ity is compromised. Pouch surgery is difficult and a diverting 
stoma may be impossible in obese patients. In some of these 
cases, the concept of a “staged pouch” may be applied. Here, 
an initial IRA is done despite the severity of the polyposis 
warranting a pouch. The patient is kept under close surveil-
lance with the realization that a proctectomy and pouch will 
be required some years later. Hopefully by that time circum-
stances for the surgery will be more propitious. This strategy  
should not be applied in patients at high risk of desmoid 
 disease.

Postoperative Surveillance. After IRA the retained rectum 
should be examined using a flexible sigmoidoscope, with a 
basic interval of 12 months or shorter, depending on the sever-
ity of disease. In about two thirds of patients, rectal adenoma 
regression is seen in the first few years after IRA.34 Polyps 
over 5 mm should be removed cleanly with a snare. Repeated 
polyp fulguration can result in rectal scarring, making future 
surveillance difficult and unreliable. In patients with chroni-
cally scarred rectal mucosa, random biopsy is recommended 
to detect invisible dysplasia. If severe dysplasia or uncon-
trolled polyposis develops, completion proctectomy with or 
without ileoanal pouch formation is indicated.

Surveillance of ileoanal pouches at several centers has 
shown adenomas in up to 53%35,36 and even some cancers.37 
IPAA has been available for about 30 years, and has only 
been performed frequently for FAP in the last 15, so the 
natural history of pouch adenomatosis will not be clear for 
some time. However, the cases reported to date confirm that 
neoplasia occurs in these pouches, and careful follow-up is 

Table 37-3. Surgical options for familial adenomatous polyposis

Surgical option Indication Advantages Disadvantages

Colectomy and Ileorectal  
anastomosis  
(leave 15 cm rectum)

<20 rectal adenomas Low complication rate Risk of rectal cancer
No stoma
Close to normal bowel function

Proctocolectomy and ileal  
pouch anal anastomosis 
(stapled)

>20 rectal adenomas Minimizes risk of rectal cancer Complex surgery
Often needs stomaLarge rectal adenoma Avoids permanent stoma

Bowel function unpredictable  
but may be quite abnormal

Rectal adenoma with  
severe dysplasia

Bowel function better than with  
mucosectomy and hand sewn  
anastomosisSparing of low rectum Risk of damage to pelvic nerves  

and decreased the ability  
of women to conceive

Risk of pouch and anal transitional 
adenomas and cancer

Proctocolectomy and ileal pouch 
anal anastomosis (hand sewn)

As above but with adenomas 
to dentate line

Minimizes risk of rectal cancer As above but bowel function is worse 
than with stapled anastomosisAvoids permanent stoma

Proctocolectomy with end 
ileostomy

Low rectal cancer Simple operation with lower  complication 
rate and minimal chance of reoperation

Permanent stoma
Poor anal sphincters
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essential. Flexible pouchoscopy after one or two enemas 
 usually gives a good view. Not all pouch polyps are ade-
nomas. Prominent lymphoid follicles are common, espe-
cially in children or teenagers. Isolated pouch ulcers are also 
common, especially over suture lines and at the opening of 
the afferent limb. These have no clinical significance. Repre-
sentative polyps are biopsied. Treatment of pouch adenomas 
depends on their number and size. Polyps over 5 mm should 
be removed by snare excision while multiple small polyps 
respond to sulindac (150 mg by mouth twice daily).

Anal transition zone (ATZ) adenomas occur commonly 
after both stapled and handsewn IPAA, although they are 
twice as common in the former as the latter. Several case 
reports of cancer in the ATZ underline the difficulty in fol-
lowing this critical area.37 In particular, a handsewn anas-
tomosis is often stenotic, the perianal skin excoriated, and 
patients do not tolerate examination well. Under these cir-
cumstances, endoscopy may be possible in the office using 
xylocaine jelly as lubricant and a pediatric gastro scope. Oth-
erwise, examination under anesthesia is needed. Adenomas 
in the ATZ can be excised individually (under anesthesia), or 
the entire ATZ can be stripped. If stripping is chosen because 
of the extent of the polyposis, the procedure should be per-
formed in two stages to avoid stenosis.

Adenoma Chemoprevention. A range of chemopreventive 
agents have been studied in FAP, in part because of the prob-
lems of managing the retained rectum after IRA, but also 
because this disease provides a useful experimental model of 
colorectal carcinogenesis. In placebo controlled trials, both 
the nonsteroidal anti-inflammatory drugs (NSAIDs) sulin-
dac38 and the COX-2 inhibitor celecoxib39 have reduced the 
number and size of colorectal adenomas. Chemoprevention, 
however, is not an  alternative to prophylactic surgery, as no 
benefit in terms of  cancer reduction has been demonstrated, 
and there have been reports of rectal carcinoma occurring 
in patients on sulindac despite reduction in polyp number 
and size.40,41 The whole philosophy of artificial manipula-
tion of polyp number, size, and shape, when polyps are the 
main marker guiding the decision for surgery, is troubling. 
However, there are circumstances when the use of chemo-
prevention has a definite place; for example, when comple-
tion proctectomy is impossible because of desmoid disease, 
while awaiting surgery which must otherwise unavoidably 
be delayed, in patients with a very high family risk of desmoid 
disease, or in treating pouch polyposis.

Upper Gastrointestinal Polyposis

Fundic gland polyps (FGP), made up of areas of cystic 
hyperplasia,42 are found in the stomach of about 80–90% of 
individuals with FAP. These are benign but a recent prospec-
tive survey showed that low-grade dysplasia was present in 
FGP in 41% of patients.43 Three percent of patients had high-
grade dysplasia in FGP. This is concerning as some patients 
have profuse FGP, impossible to survey. Current practice is 
to biopsy representative FGPs during regular surveillance, 

but not to try and treat all. Gastric adenomas can be found, 
usually in the antrum, in 10% of patients in western series. 
It is likely that these give rise to the very rare gastric can-
cers in western patients.44 The incidence of gastric cancers in 
FAP patients in Japan is seven times that in the West, and for 
Korea, three times.45 An excess of gall bladder and bile duct 
adenomas and carcinoma has also been reported.46,47

Prospective studies have demonstrated that over 95% of 
individuals with FAP have duodenal adenomas,48 which tend 
to occur about 15 years later than large bowel polyps.49 Duo-
denal cancers are the second most common cause of death in 
patients with FAP because although they are relatively rare 
(5%), they are highly lethal. Average age at diagnosis is 50 
years.

The highest density of adenomas is on and around the 
Ampulla of Vater, testimony to the tumorigenic effect of 
bile. Patients with ampullary adenomas are predisposed to 
pancreatitis, either spontaneous or after endoscopic biopsy. 
Fifty percent of normal-appearing ampullas are dysplastic 
on biopsy.

Adenomas can also be found throughout the small intes-
tine, and early studies of capsule endoscopy show that inci-
dence of jejunal and ileal adenomas is higher in patients with 
severe duodenal polyposis (Spigelman Stages III and IV).50 
Occasional cases of small bowel adenocarcinoma occur, but 
routine small bowel screening is not recommended.

Surveillance of the Duodenum. Duodenal adenomas are flat, 
white mucosal patches, completely different in appearance 
to colorectal adenomas. There may be clearly defined polyps 
or more confluent areas, and biopsies of macroscopically 
normal mucosa may reveal microadenomas. The Spigelman 
staging system allows an objective assessment of the severity 
of duodenal polyposis in FAP (Table 37-4).51 A prospective 
10 year follow-up of Spigelman’s original cohort has identi-
fied a 36% risk of developing invasive carcinoma in those 
with stage IV disease at the start of the study, and a 2% risk 
in those with stage II or III disease. Several carcinomas were 
missed on endoscopy, and all of those who developed cancer 
died as a result, despite surgery.52

Regular endoscopic surveillance of the stomach and duo-
denum is recommended so that individuals at high risk of 
developing carcinoma can be identified and offered inter-
vention (although there is currently no evidence that this 
approach decreases the rate of invasive disease).53 Exami-
nation of the duodenum using both forward and side view-
ing scopes starts at the age of 25 years. Table 37-5 shows 

Table 37-4. Scoring of polyp features in Spigelman staging for 
duodenal adenomas

Points  
allocated

Number  
of polyps

Size of  
polyps (mm) Histology Dysplasia

1 1–4 1–4 Tubular Mild
2 5–20 5–10 Tubulovillous Moderate
3 >20 >10 Villous Severe



650 J. Church

 recommended surveillance intervals according to the 
 severity of duodenal polyposis. Duodenal polyps are sam-
pled for histology and even a normal appearing Ampulla 
is biopsied.

Management. Management of severe duodenal polyposis 
is difficult, but once invasive carcinoma has developed the 
outcome is poor. Duodenectomy and open polypectomy 
is associated with 100% recurrence a year after surgery.54 
 Endoscopic mucosal resection seems a more attractive option, 
but is made difficult by the frequently plaque-like morphol-
ogy of the polyps and involvement of the ampulla. Even sim-
ple biopsy of the ampulla can result in acute pancreatitis,55 
and repeated diathermy in this region can lead to scarring 
and stricturing. Argon plasma coagulation is of some use. 
Photodynamic therapy has been tried, but photosensitization 
and the need for multiple treatments56 mean that it is not cur-
rently a practical option.

The use of chemoprevention to prevent progression of ear-
lier stage disease has attracted great interest. Calcium, starch, 
vitamin C, and ranitidine have been tried with no effect. 
Sulindac can result in regression of small polyps,57 but has 
little effect on larger ones. A randomized trial of the COX-2 
inhibitor celecoxib showed significant improvement in the 
Spigelman stage for those with mild to moderate disease.58

Duodenectomy, whether by classical Whipple’s procedure 
or using pylorus or pancreas preserving techniques, has been 
considered a last resort because of its significant morbid-
ity and mortality. However, given the very poor prognosis 
once neoplasia becomes frankly invasive preemptive duo-
denectomy should be seriously considered for Spigelman IV 
disease. Pancreas preserving duodenectomy provides satis-
factory control with reasonably low morbidity.59 When can-
cer is suspected a Whipple’s procedure is the better choice, 
but carries a high rate of complications.

Desmoid Disease

Desmoids are locally invasive, non-metastasizing clonal 
 proliferations of myofibroblasts that are rare in the  general 
population but can be found in 30% of patients with FAP.60 
Their etiology, pathogenesis, and natural history are not clearly 
understood. Desmoid disease is the third most  common cause 
of death in FAP patients overall, after  colorectal cancer and 
duodenal cancer.19 Overall desmoid-related mortality ranges 

from 10 to 50%61 and desmoids can also contribute to death 
from other causes by making surgery for rectal or upper gas-
trointestinal malignancy difficult or even impossible.62,63

Desmoid disease is a spectrum from white, sheet-like 
plaques to large rapidly growing tumors. When found within 
the abdomen, desmoid disease can be seen to pucker and dis-
tort adjacent tissues, causing obstruction in tubular organs.

Ten to fifteen percent of patients with FAP develop des-
moid tumors while another 15% develop the plaques.60 The 
peak incidence is around 30 years of age, 2–3 years after sur-
gery. While sporadic desmoids are considerably more com-
mon in females than males, this difference is less marked in 
the setting of FAP.

Clinical Features. Desmoids occurring in association with 
FAP typically arise within the abdomen (50%), especially in 
the small bowel mesentery, and in the abdominal wall (45%), 
although many extra-abdominal sites have been described. Mes-
enteric desmoids (Figure 37-4) encase or compress  mesenteric 
blood vessels. Rarely, this can result in ischemia and perfora-
tion of the bowel, but it always makes resection hazardous.

Trauma (particularly in the form of surgery) and estrogens 
have both been identified as causes of desmoids, although 
they can occur spontaneously. There is evidence for some 
degree of genotype–phenotype correlation in that desmoids 
have been reported to occur more frequently in patients with 
3¢ germ line APC mutations.6 Some mutations in this region 
are associated with severe desmoid disease inherited with 
high penetrance, but individuals with such mutations do not 
always develop this manifestation. However, many patients 
with desmoid have mutations in the 5¢ half of the gene so 
modifier genes may well also play a part. Recent publication 

Table 37-5. Derivation of Spigelman stage from scores

Total points Spigelman stage
Suggested interval to next  
duodenoscopy (years)

0 0 5
1–4 I 3–5
5–6 II 3
7–8 III 1
9–12 IV Consider duodenectomy. If not,  

rescope in 6 months

Figure 37-4. Desmoid tumor arising in the small bowel mesentery.



65137. Hereditary Colorectal Cancer

of a “desmoid risk factor” score underlines the importance 
of female gender, the presence of extracolonic manifesta-
tions (especially Gardner’s syndrome) and most importantly 
a family history of desmoids, in alerting surgeons to the 
likelihood of desmoid disease in their patients.27 Abdominal 
surgery in patients at high risk of desmoid disease should 
be delayed as long as possible, and when performed, should 
preferably be a laparoscopic ileorectal anastomosis.

Presentation

Asymptomatic desmoid disease can be found incidentally, 
on physical examination, on CT scan or at laparotomy. 
Desmoids found in this way are generally small and often 
plaque-like. Symptomatic desmoids cause pain, bowel or 
ureteric obstruction, or are apparent as a mass.

Investigation. CT or MRI scans are the mainstays of inves-
tigation and follow-up (Figure 37-5), allowing imaging and 
measurement of the desmoid itself, as well as demonstrating 
the relationship to other structures, such as the ureter and 
bowel. Early mesenteric fibrosis appears as ill-defined soft 
tissue infiltration of the mesenteric fat, with a characteris-
tic, whorled appearance.64 There is some evidence that MRI, 
T2 weighted signal intensity correlates with subsequent 
growth.65 As only a small proportion of desmoids grow and 
cause significant clinical problems, the ability to predict such 
progression might be very useful.

Management. The treatment of desmoids is controversial, 
often empirical and difficult. The natural history of desmoid 
disease in FAP is variable, with about 10% resolving spon-
taneously, 10% growing rapidly and relentlessly and the 

remainder either showing cycles of growth and  resolution 
or remaining stable.66 A desmoid staging system has been 
proposed that allows separation of desmoid tumors by 
 prognosis and sets the stage for a more rational approach to 
treatment.67,68

Surgery is widely accepted as the first-line treatment 
for troublesome extra-abdominal and abdominal wall 
desmoids. Recurrence is common (20–50%), but compli-
cations are few. Within the abdomen the situation is very 
different, as the majority of desmoids develop in the small 
bowel mesentery. When the tumors are at the root of the 
mesentery, encasing the mesenteric vessels, surgery is a last 
resort and may mean small bowel transplant. Sometimes, 
intra-abdominal tumors are more distal in the mesentery, 
or are elsewhere in the abdomen away from the mesentery. 
Under these circumstances resection is often possible, sac-
rificing a minimum of small bowel. Preoperative CT scan 
and abdominal examination are keys in deciding which 
abdominal tumors are resectable. Even after R0 resec-
tions, however, recurrence rates are in the order of 50%.69 
Attempts at resection of desmoids in the mesenteric root 
may lead to high perioperative mortality rate (usually from 
hemorrhage)70 and substantial morbidity, particularly due to 
extensive loss of small bowel.

Ureteric obstruction is best managed with stents, although 
even stents may be poorly tolerated due to pain or sepsis. 
Ureterolysis is rarely effective and may lead to nephrec-
tomy. Renal autotransplant has proven effective, however, 
when medical treatments do not resolve the ureteric obstruc-
tion.71

Nonresective surgery may be needed to treat the compli-
cations of desmoid disease. Bowel obstruction can be man-
aged by lysis of adhesions although this is tricky as multiple 
attachments of the small bowel to a retroperitoneal desmoid 
occur on the mesenteric border, lysis risks perforation, hem-
orrhage, and devascularization of the bowel. Bypass is safer 
and as effective. Sometimes, a stoma is necessary if there is 
no opportunity to bypass to a downstream loop. Enterocu-
taneous fistulas in the context of desmoid disease are dif-
ficult problems and may be unrepairable, committing the 
patient to lifetime nutritional support or small bowel trans-
plant. However, some fistulas can be repaired, or at least 
bypassed.

Various medical treatments for desmoid disease have been 
reported, the most widely used being NSAIDs (particularly 
sulindac) and antiestrogens (raloxifene, tamoxifen, or tore-
mifene). There have been no prospective controlled trials, 
and particularly in view of the unpredictable and variable 
behavior of desmoids, the small retrospective series are 
 difficult to interpret. Cytotoxic chemotherapy has been used 
in irresectable or aggressive desmoid disease, and  objective 
remissions have been noted with a variety of different agents. 
There have been a number of encouraging reports of an anti-
sarcoma regimen consisting of doxorubicin and dacarbazine Figure 37-5. MRI scan showing intra-abdominal desmoid tumor.



652 J. Church

in the treatment of life-threatening intra-abdominal desmoid 
disease72,73 and more recently the better tolerated liposomal 
doxorubicin has shown benefit. A less toxic combination 
of vinblastine and methotrexate has also produced some 
responses.74

A treatment regimen can be proposed that uses the staging 
system outlined in Table 37-6. Stage I tumors may receive 
either no treatment or sulindac, 150–200 mg twice daily. 
Stage II tumors are treated with sulindac and an estrogen 
modifying agent (tamoxifen or raloxifene 120 mg per day). 
Stages III and IV require chemotherapy. Liposomal doxoru-
bicin is a reasonable agent to use, with methotrexate/vinore-
lbine as an alternative.75 If a septic complication precludes 
chemotherapy, or if the maximum safe dose of adriamycin 
has been reached, agents such as gleevac, bevacizumab, or 
erbitux can be tried.

MYH-Associated Polyposis

MAP is an autosomal recessive form of familial adenom-
atous polyposis, due to mutations in the human MutY 
homolog (hMUTYH) gene. It was originally described in 
2003.76 While many of the individuals identified with bial-
lelic hMUTYH mutations have fewer than 100 polyps, some 
have many hundreds, and thus appear as if they are a  genuine 
clinical case of FAP. Colonic microadenomas and duodenal 
adenomas, desmoids and fundic gland polyps, sessile ser-
rated polyps, and a variety of extracolonic cancers have also 
been reported in this group.77,78 In fact, MAP can mimic 
many of the other hereditary forms of colorectal cancer, from 
sporadic cancer to FAP, from Lynch syndrome to hyperplas-
tic polyposis (HPP). This is because the polyp phenotype can 
vary in number and histology, and the family history can also 
vary from dominant inheritance to no family history at all.

MAP has major implications for genetic counseling as, for 
the first time, an autosomal recessive form of FAP has been 
identified. This diagnosis should be considered in patients 
where no APC mutation has been identified, the mode of 
inheritance is not clearly autosomal dominant, or polyp 
numbers are low.

Genetics. Base excision repair corrects the sequelae of oxi-
dative damage to the DNA. Oxidation changes the pattern 
of guanine coupling from G = C to Go = T. In subsequent cell 
division, an uncorrected Go = T becomes A = T, creating a 

“G = C to A = T transversion.” This change, when  uncorrected, 
 produces mutations in several genes, including APC and 
KRAS. The effect on APC is enough to produce adenomatous 
polyposis, and serrated polyps harboring similar mutations in 
KRAS have been reported in patients with MAP.79

The locations of the pathogenic hMUTYH mutations vary 
according to ethnicity.80 The common mutations in the USA 
are Y179C and G396D, and these are screened for in Cauca-
sian patients. If this screen is negative or if the patient is not 
Caucasian, whole gene sequencing can also be performed. 
There is some evidence that the Y179C mutation is associ-
ated with a more severe phenotype.81

Clinical. Patients usually present with oligopolyposis (<100 
adenomas), although some cases with hundreds of polyps 
have been reported. Prior to awareness of these syndromes, 
patients with MAP were sometimes diagnosed as having 
attenuated FAP. Although some affected individuals have a 
very few adenomas, the presence of ten or more synchronous 
adenomas should trigger a referral for genetic counseling and 
testing, regardless of family history of colorectal neoplasia. 
The presence of serrated polyps with multiple adenomas 
should also stimulate a referral for genetic testing.

Once the genotype of MAP is confirmed, full colonoscopy 
and EGD are performed. The syndrome has not been known 
for long enough to have an accurate list of all extracolonic 
manifestations.

Treatment of the large bowel depends on whether the ade-
nomas can be controlled endoscopically. If this can be done, 
surgery may be avoided. However, surgery is often necessary, 
usually colectomy with ileorectal anastomosis. Remaining 
large intestine is surveyed yearly. If a patient presents with 
cancer at a young age with either no family history or a weak 
history, and there is no evidence of Lynch syndrome, testing 
for MAP should be considered.

Genetic Testing. MAP generally follows an autosomal reces-
sive pattern of inheritance, although monoalleic mutations 
(carriers) have a mildly increased risk of colorectal cancer. 
There has been a report of MAP with a dominant pattern 
of inheritance.82 However, recessive inheritance means that 
both parents of a proband are likely to be unaffected carriers, 
with the risk to siblings being 25%. Genetic testing of a fam-
ily therefore begins with the affected proband and if muta-
tions are found continues with the spouse. This determines 
the risks to the children. A negative spouse means that chil-
dren are carriers and can be counseled accordingly. Carriers 
should have enhanced colonoscopic surveillance, beginning 
10 years before any cancer in the family and continuing at 
least 5 yearly. If the spouse is a carrier, then the inheritance 
pattern within that family becomes dominant, with each 
child at 50% risk of having MAP. In addition, antecedents on 
both sides of the family must be alerted to the possibility that 
they are carriers or affected.

In a study screening 9,268 colorectal cancer patients 
for the two commonly mutated alleles, Lubbe et al. found 

Table 37-6. Staging system for abdominal desmoid tumors

Stage Definition

I Size <10 cm, not growing, asymptomatic
II Size <10 cm, mildly symptomatic, slow growing a

III Size 10–20 cm, moderate symptoms (bowel obstruction, ureteric 
obstruction), slow growing

IV Size >20 cm, or rapid growth b or severe symptoms (abscess, 
fistula, hemorrhage)

a Slow growth = <50% increase in maximum diameter in 6 months.
b Rapid growth = >50% increase in maximum diameter in 6 months.
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 biallelic hMutYH mutations in 0.3% of cases. This conferred 
a 28-fold increase in colorectal cancer risk, and was asso-
ciated with proximal tumors and synchronous adenomas. 
Monoallelic mutations were not associated with an increase 
in colorectal cancer risk.83

The Hamartomatous Polyposes

Peutz–Jeghers Syndrome

Peutz–Jegher’s syndrome (PJS) is a dominantly inherited 
cancer syndrome defined by the presence of two of the 
following three characteristics: perioral, buccal, and occa-
sionally genital melanin pigmentation; gastrointestinal 
hamartomatous (Peutz–Jegher’s) polyposis; a family his-
tory of PJS. The pigmentation can also be seen on the lips 
and sometimes on the eyelids, hands, and feet, or be absent 
altogether. It usually appears in early childhood and tends 
to fade in the late 20s. The polyps occur predominantly in 
the small intestine (78%), but are also found in the stomach 
(38%), colon (42%), and rectum (28%).84 They are hamar-
tomas with a characteristic branching morphology, contain-
ing smooth muscle in the submucosa. Adenomatous change 
with dysplasia and progression to invasive adenocarcinoma 
has been observed.85 PJS has an incidence of 1 in 200,000.

Inheritance

Peutz–Jegher’s polyposis is autosomal, dominantly inher-
ited with high penetrance, and is caused by mutation of 
LKB1 (also known as STK11) on chromosome 19 p13.3. 
The gene encodes a serine–threonine kinase. Mutation of 
LKB1 is only found in about 60–70% of cases, and has been 
formally excluded in some,86 suggesting that either other 
genes are responsible, or LKB1 may be inactivated by epi-
genetic mechanisms. While a family history is common, 
de novo mutations are responsible for a significant number 
of cases.

Clinical Issues

Polyp-Related Complications. The most common clinical 
problems in PJS are anemia due to chronic blood loss from 
large polyps and small bowel obstruction due to intussuscep-
tion with a polyp at the apex. Repeated emergency bowel 
resections can lead to increasing operative difficulty and 
even short-bowel syndrome.

Risk of Malignancy. Follow-up studies have shown that 
individuals with this syndrome are at increased risk of 
developing a range of malignancies at a particularly young 
age.87 Indeed, by the age of 57 years approximately half of 
all patients in one series had died of cancer, of which about 
half were gastrointestinal. The lifetime risk of any cancer in 
affected patients is over 90%. It is estimated that there is a 
50-fold excess of gastrointestinal cancer in Peutz–Jegher’s 
syndrome, resulting in a lifetime risk of approximately 20% 

of colorectal cancer and about 5% of gastric cancer, as well 
as breast, pancreatic (30% lifetime risk), ovarian sex-cord 
tumors (10% of females), feminizing Sertoli cell testicular 
tumors in prepubertal boys, pulmonary and cervical malig-
nancies.

Management

Probands usually present at a young age with complications 
of their small bowel polyposis. This often involves laparo-
tomy for intussusception or bleeding. A symptom-focused 
approach predisposes to frequent laparotomies as untreated 
polyps enlarge to cause a new set of symptoms. The tech-
nique of laparotomy with intra-operative enteroscopy was 
introduced to reduce the number of repeat emergency lapa-
rotomies and small bowel resections.88 During laparotomy a 
colonoscope is passed from below through the colon, and, 
with the assistance of the surgeon, into the small bowel for 
as far as it will go. The most proximal site of insertion is 
marked with a suture or tape. Then, the colonoscope is with-
drawn in a darkened operating room and the sites of polyps 
marked as it is withdrawn. The procedure is repeated with 
an enteroscope inserted through the stomach and encour-
aged to pass distally. The mucosa between the limits of 
endoscopy can usually be examined through an enterotomy. 
In most patients, the intussusception is obvious and even 
if it is reduced a serosal dimple can be seen at the site of 
the polyp. The bowel is palpated and at the site of palpable 
polyp an enterotomy is made. The polyps are removed and 
the bowel intussuscepted through the incision up and down 
as far as possible. All visible lesions are either removed or 
cauterized. The enterotomies are closed. Polypectomy is 
best done by ligating the stalk and excising the polyp with 
cautery distal to the tie. Otherwise, the stalk may bleed copi-
ously. The fourth part of the duodenum and proximal jeju-
num is typically a difficult part of the bowel to palpate and 
to operate.

Using this “clean sweep” technique, the entire small 
bowel is cleared of all macroscopic lesions, minimizing the 
number of laparotomies in subsequent years.88 The recent 
availability of capsule endoscopy and double/single balloon 
enteroscopy offers the potential for endoscopic diagnosis 
and treatment of the polyps; however, the vascularity of the 
polyps makes endoscopic treatment in the mid small bowel 
worrisome. There is a role for capsule endoscopy, however, 
in surveillance of asymptomatic patients. Colonic polyps 
can usually be controlled colonoscopically.89

Gastrointestinal Surveillance. Surveillance intervals depend 
on polyp number, size, histology, and location. A near nor-
mal examination can be followed 2 or 3 years later by repeat 
EGD, capsule endoscopy, and colonoscopy. Hemoglobin 
should be checked annually. Small bowel polyps causing 
symptoms or anemia, or measuring over 1.5 cm, should be 
removed, either endoscopically or at laparotomy with intra-
operative enteroscopy.
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Extra-intestinal Surveillance. Mammography in premeno-
pausal woman lacks sensitivity, but there is little evidence to 
support ultrasound or MRI as alternatives. Testicular tumors 
tend to occur in prepubertal boys, and it would seem sensible 
to encourage regular examination. Women should undergo 
standard cervical and breast screening according to nation-
ally agreed protocols.90 While in some centers regular ultra-
sound scanning of the pancreas and ovaries are performed, 
there is no evidence that such measures have any impact 
on prognosis. It is important that clinicians caring for these 
patients are aware of the high cancer risk, and maintain a low 
index of suspicion.

Juvenile Polyposis

Juvenile polyps are hamartomas which lack smooth muscle 
histologically, having poor anchorage to the bowel wall. 
They may become detached and are then passed through the 
anus. Solitary juvenile polyps are the commonest colorec-
tal lesion in children, being found in up to 2%. They have 
little or no malignant potential.91 Juvenile polyposis (JPS) is 
defined as the presence of five or more juvenile polyps in the 
large bowel, or any number of juvenile polyps in a patient 
with a family history of JPS. Although the colorectum is 
always affected, the stomach (and perhaps small intestine) 
is also affected in about 50%.91–94 Most affected individuals 
develop 50–200 polyps, but some have very few.

JPS is rare with a frequency of about 1 per 100,000. It 
presents with rectal bleeding, anemia, or polyp prolapse, 
at an average age of about 9 years. The polyps are hamar-
tomas, with a characteristic hyperplastic stroma, abundant 
lamina propria, cystic glands, and inflammation. They are 
sometimes reported as inflammatory polyps. Adenomatous 
dysplasia occurs in up to half, which may then progress to 
adenocarcinoma.

Other morphologic abnormalities, including macroceph-
aly, mental retardation, cleft lip or palate, congenital heart 
disease, genitourinary malformations, and malrotations, are 
found in 10–20%.95 Some patients with JPS have a familial 
pattern of disease, while in others there is no family history. 
In those with familial disease, the chances of finding a caus-
ative mutation are relatively high (>60%).

Genetics

This syndrome is genetically heterogeneous, with three sep-
arate genes currently implicated. Mutations in SMAD4 have 
been identified in affected individuals. SMAD4 is a tumor 
suppressor gene on chromosome 18q21 and is implicated 
in sporadic colorectal carcinogenesis. It codes for a pro-
tein involved in the TGFb signaling pathway, and germ line 
mutations have been found in 35–60% of juvenile polyposis 
patients in the USA, but rather fewer (3–28%) in Europe.94 
Germ line mutations in a second gene, BMPR1A on 10q22, 
have been found in a further 15% of cases.95 BMPR1A 

encodes a protein involved in the same signaling pathway. 
PTEN mutations have also been reported in the so-called 
juvenile polyposis,96 but it is as yet unclear whether these 
cases have Cowden’s syndrome, or whether they represent is 
simply a variant of juvenile polyposis.97

Patients with JPS due to a SMAD4 mutation have a 
high likelihood of also having Hereditary Hemmorhagic 
Telangiectasia (HHT). This manifests as multiple vascular 
anomalies that may be in the brain, lungs, mediastinum, and 
bowels. Patients with a SMAD4 mutation need a vascular 
assessment to diagnose or exclude this potentially dangerous 
condition.94,98

Cancer Risk and Management

The cumulative risk of colorectal cancer in patients with 
JPS has been estimated at 30–50%, and that of upper gas-
trointestinal cancer at 10–20%.93,99 First degree relatives of 
affected individuals should be screened by colonoscopy from 
around the age of 12 years if asymptomatic100 and, if normal, 
5 yearly thereafter. In many cases, the polyps can be con-
trolled by regular endoscopic polypectomy, with both upper 
gastrointestinal endoscopy and colonoscopy recommended 
at least every 2 years. In cases where polyps are either too 
numerous or too large to be managed in this way, or when 
patients are symptomatic with diarrhea, mucus, bleeding and 
cramps, colectomy and IRA or restorative proctocolectomy 
is advised.101 Cleveland Clinic experience showed a high rate 
of secondary proctectomy after initial ileorectal anastomo-
sis.102 Aggressive polyposis is also possible in ileal pouches 
but can be controlled by sulindac.

It is not clear whether endoscopic surveillance and 
polypectomy is adequate to prevent malignancy, but there 
are insufficient data to justify purely prophylactic colectomy. 
Affected individuals should also undergo upper gastrointes-
tinal surveillance from the age of 25 years.

PTEN Tumor Hamartoma Syndromes

Three very rare dominantly inherited conditions have been 
described in which hamartomatous colorectal polyps occur 
together with multiple craniofacial, skeletal, and dermato-
logical phenotypic features. They share a common genetic 
origin, namely, germ line mutations of PTEN. PTEN is 
an important tumor suppressor gene with key roles in the 
mTOR/AKT pathway.103

Cowden’s Syndrome

This autosomal dominantly inherited syndrome is character-
ized by macrocephaly (30%), trichilemmomas (which are 
considered pathognomonic) and both benign and malignant 
neoplasms of the thyroid, breast, uterus, and skin. Hamar-
tomas occur in the mouth as well as other parts of the gas-
trointestinal tract, resulting in a nodular appearance of the 
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buccal mucosa. The International Cowden’s Syndrome 
Group has described a set of major and minor criteria by 
which to diagnose the syndrome.104

In CS patients, the colon is affected with a variety of pol-
yps, the histology of which includes hamartomas, lipomas, 
fibromas, neurofibromas, ganglioneuromas, and adenomas. 
Although CS has not been considered a high risk for colorectal 
cancer, recent data seems to suggest otherwise.105 Certainly, it 
is safe to start colonoscopic screening when patients are in 
their 30s and to continue it at least every 3 years, or more 
often if findings indicate. Prophylactic colectomy is indicated 
when polyposis cannot be controlled endoscopically.

Bannayan–Riley–Ruvalcaba Syndrome

Here, the colorectal hamartomas (50%) are associated with 
characteristic pigmented penile macules, macrocephaly, men-
tal retardation (50%), lipomatosis and hemangiomas.106 It 
seems likely that as Cowden and Bannayan–Riley–Ruvalcaba 
syndromes are caused by mutation of the same gene, they are 
slightly different forms of the same disorder,95 and families 
have been identified in which both phenotypes are evident.107 
There is no evidence to suggest an increased risk of colorectal 
cancer in this syndrome.

Serrated Polyposis

Serrated polyps are non-neoplastic lesions of the large 
bowel that were until recently thought to have no prema-
lignant potential. Over the last 5 years, however, the true sig-
nificance of these lesions has begun to be appreciated. They 
are part of a class of lesions termed serrated polyps because 
the overcrowded hyperplastic glands in the epithelium are 
thrown into a saw-toothed or serrated pattern. A new nomen-
clature has arisen wherein serrated polyps with abnormal 
proliferation are termed sessile serrated polyps (or sessile-
serrated adenomas), and are now known to be potential 
premalignant precursors in a serrated polyp to cancer path-
way.108 This pathway is linked genetically to BRAF muta-
tions and DNA hypermethylation, particularly when it leads 
to loss of expression of hMLH1.109 While sporadic serrated 
polyps are common, and mostly of the hyperplastic type, 
some patients have multiple lesions and are at high risk of 
developing colorectal cancer. The WHO definition for ser-
rated polyposis is any one of the following: 30 or more ser-
rated polyps of any size and location; more than 10 serrated 
polyps proximal to the splenic flexure of which 2 are larger 
than 10 mm; any number or size of serrated polyps with a 
family history of SPP.110 There is reason to believe that these 
criteria are overly restrictive and that high risk families are 
being missed.

No germ line mutation has been identified as causing 
serrated polyposis and the pattern of inheritance is still not 
clear. Many patients with SPP have no family history at all. 
The  presence of  multiple synchronous-serrated polyps has, 

however, been shown to confer a very high risk of colorectal 
cancer, approaching 50%.111

Treatment

Treatment of patients with SPP is either endoscopic or surgi-
cal. Colonoscopy must be careful as serrated polyps can be 
difficult to recognize and are likely to be easier to miss than 
adenomas. Yearly, colonoscopy is necessary to prevent can-
cer. If the polyps are not controllable endoscopically, colec-
tomy, and IRA is indicated. First degree relatives of patients 
with SPP are candidates for early screening colonoscopy 
(10 years prior to the earliest age at diagnosis of a neoplastic 
lesion in the family). If a colon cancer is detected, or if the 
polyposis is progressive and not able to be controlled, colec-
tomy and IRA is indicated.

Hereditary Non-polyposis Colorectal  
Cancer

Introduction

HNPCC refers to a dominant pattern of inheritance of col-
orectal cancer predisposition without an association with 
unusual numbers of colorectal polyps. This lack of an easily 
identifiable colonic phenotype makes clinical diagnosis dif-
ficult and can affect treatment as surgeons seem reluctant 
to remove an endoscopically normal colon for prophylaxis. 
Multiple diagnostic criteria have been proposed for the iden-
tification of HNPCC families. The most widely used are the 
Amsterdam I and II criteria, originally proposed to facili-
tate research but almost immediately adapted for clinical 
use (see Table 37-7).112,113 Subsequent research has shown 
that Amsterdam I patients can be divided into two broad 

Table 37-7. Amsterdam criteria

Amsterdam criteria
•	 At	least	3	family	members	with	colorectal	cancer,	one	of	whom	is	first-

degree relative of the other 2.
•	 At	least	2	generations	with	colorectal	cancer.
•	 At	least	1	individual	<50	years	at	diagnosis	of	colorectal	cancer.
Amsterdam criteria II
•	 At	least	3	family	members	with	HNPCC-related	cancer,	one	of	whom	is	

first-degree relative of the other 2.
•	 At	least	2	generations	with	HNPCC-related	cancer.
•	 At	least	1	individual	<50	years	at	diagnosis	of	HNPCC-related	cancer.
 Modified Amsterdam criteria
•	 2	first-degree	relatives	with	CRC	involving	2	generations.
•	 At	least	one	case	diagnosed	before	55	years	OR
•	 2	first-degree	relatives	with	CRC	and	a	third	relative	with	endometrial	

cancer or another HNPCC-related cancer.

Modified from Chung DC, Rustgi AK. The hereditary nonpolyposis col-
orectal cancer syndrome: genetics and clinical implications. Ann Intern 
Med. 2003;138:560–70.
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subgroups: those whose tumors are microsatellite unstable 
(Lynch syndrome) and those whose tumors are microsatel-
lite stable (Familial Colorectal Cancer Type X).114 Type X 
families are likely to be a heterogeneous group of colorectal 
cancer predisposition states, sharing an apparent dominant 
inheritance but with different genetic abnormalities. Some 
may have underlying MAP, some SPP, some Lynch syn-
drome due to hMSH6 mutations, and some may have genetic 
abnormalities yet to be discovered. Type X families have a 
significantly lower risk of colorectal cancer than that found 
with Lynch syndrome, and they do not have the same array 
of extracolonic cancers. Lynch syndrome, or hereditary 
mismatch repair (MMR) deficiency, is a better defined syn-
drome and is the main topic of this section.

Lynch Syndrome

Definition

Lynch syndrome is hereditary DNA MMR deficiency asso-
ciated with the early onset of colorectal and other cancers 
(mean age for colorectal cancer, 45 years). Multiple genera-
tions are affected with a pattern suggesting dominant inheri-
tance. Colorectal cancers tend to be proximal to the splenic 
flexure, and there is an increased frequency of synchronous 
and metachronous cancers. There is also a high risk of extra-
colonic cancers, including endometrial, ovarian, gastric, 
small bowel, hepatobiliary, and transitional cell carcinomas. 
The lifetime risk of cancer is up to 80%, with colon cancer 
being the most commonly diagnosed.115

History

Aldred Warthin, a pathologist at the University of Michigan, 
first described a family with inherited intestinal cancer 
in 1895. Detailed descriptions of this family, (known as 
“Family G” because they came from Germany) as well 
as other families, were published in 1913. Gastric cancer 
was the predominant cancer but colorectal and uterine can-
cers also featured.116 Nearly 50 years later, a medical oncol-
ogist named Henry Lynch published the pedigrees of two 
large midwestern families (“Family N” from Nebraska and 
“Family M” from Michigan). He commented on the wide 
spectrum of cancers and the probability of a heritable muta-
tion.117 By the mid-1980s, two patterns of disease became 
apparent; Lynch I (colorectal cancer only) and Lynch II 
(colorectal and other malignancies). Concurrent observa-
tions showed that the number of colorectal adenomas in 
these patients was no greater than that in the general popu-
lation, and that there was considerable overlap between 
Lynch I and II syndromes. The syndrome became known as 
HNPCC. Terminology has now come full circle with Lynch 
Syndrome now a genetic diagnosis, referring to families 
with a germ line mutation in a MMR gene.

In order to promote research collaborative studies, an 
International Collaborative Group on HNPCC met in 

Amsterdam in 1990.112 A set of diagnostic guidelines was 
agreed upon that would allow researchers to gather homo-
geneous populations to be studied (Amsterdam I criteria, 
see Table 37-7). Once HNPCC was clinically defined, rapid 
progress was made finding the genetic defects as well as in 
diagnosis and treatment of the disease. The DNA of col-
orectal tumors in some Amsterdam positive families was 
found to have multiple mismatched nucleotides. This unique 
genetic abnormality was termed replication error phenotype 
or RER+. Most of the mismatched bases were in areas of 
the gene called “microsatellites,” so the term “microsatellite 
instability” is now preferred.118 Extensive research in yeast 
and Escherichia coli had identified a group of genes referred 
to as MMR genes. Using linkage studies, the first human 
homolog, hMSH2, was identified in 1993 by Fishel119 and 
germ line mutations in hMSH2 were found in families with 
HNPCC. Other MMR genes were found and associated with 
HNPCC.

Genetics

DNA Microsatellites

DNA is a very long molecule that is replicated during each 
cell division. Microsatellites are short, tandem repeating 
base sequences, usually mononucleotide or dinucleotide base 
repeats, most often found in the non-coding or intronic por-
tions of DNA. However, microsatellites can occur anywhere 
within genes, and when they do, mutations within microsat-
ellites can cause changes in gene expression. The length of 
each microsatellite marker is normally constant within any 
particular patient, so that when the number of repeats in a 
microsatellite sequence in a cancer cell is different from the 
surrounding normal tissue, this is termed “microsatellite 
instability (MSI).”

DNA Mismatch Repair

When a cell divides, DNA is replicated. The parent strands 
separate, and are reconstituted by DNA polymerase into 
two new double-stranded molecules. DNA mismatches 
occur when one strand slips on the other as the new DNA 
molecule is reconstituted. This is especially likely to hap-
pen in DNA microsatellites that can be thought of as “slip-
pery” parts of the DNA. Unrepaired mismatches are seen as 
MSI. The system of DNA MMR in humans involves at least 
six genes. Their protein products act in pairs to recognize 
mismatches and excise them, allowing DNA polymerase to 
restore normal DNA. (Figure 37-6). The genes are hMLH1, 
hPMS1, hPMS2, hMSH2, hMSH3, and hMSH6. MSH2 acts 
as a “scout” and identifies the mismatches in the new DNA 
strand. It then complexes with MSH6 to form the MutSa 
complex that identifies single nucleotide mismatches. Alter-
natively, MSH2 can complex with hMSH3 forming MutSb 
complex that repairs insertion and deletion loops (IDL) 
with up to 10 base pairs. Both MSH3 and MSH6 must be 
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abnormal to have complete loss of hMSH2-dependent mis-
match repair.120

MLH1 and PMS2 bind to form a second heteroduplex 
that interacts with the MutS duplex, stimulating excision and 
resynthesis. When an inactivating mutation silences expres-
sion of an MMR gene, the microsatellite mismatches go 
unrepaired and are propagated into lines of daughter cells 
as mutations. This so-called mutator phenotype of Lynch 
syndrome is characterized by an increased genome-wide 
mutation rate. When tumor suppressor genes contain a mic-
rosatellite, they are vulnerable to loss of expression in the 
mutator phenotype. Examples of such genes are MSH3, 
MSH6, TCF4, BLM,121 Caspase-5,122 TGFbRII, IGFRII, 
BAX, PTEN, and APC,123 many of which are involved in con-
trol of colonocyte growth.

The most commonly mutated genes in Lynch syndrome 
families are MLH1 (33% of families) and MLH2 (31%).124 
Of the mutations identified, 90% occur in MLH1 and 
MSH2.125 Recently, a meta-analysis of index families fulfill-
ing the Amsterdam criteria revealed that a mutation in MLH1 
is found in 25.5–29.6% of families, and MSH2 is found in 
14.8–21.6% of the families.

Pathology

Some pathologic features can be seen in tumors associated 
with the mutator phenotype and MSI. These include muci-
nous differentiation with signet ring cells, the presence of 
tumor infiltrating lymphocytes (Figure 37-7A), a Crohn’s 
like reaction (Figure 37-7B), and the absence of dirty necro-
sis.126,127 Despite what appears to be unfavorable histology, 
the incidence of metastatic tumor in lymph nodes is less than 
that found with sporadic colon cancer.128

Flow cytometry has shown that most Lynch syndrome 
tumors are diploid. This contrasts with the frequent aneuploidy 
of sporadic colon cancer, where tumorigenesis is related to 
sporadic mutations and loss of heterozygosity (LOH).129
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Figure 37-6. The DNA mismatch repair system can correct either 
single base-pair mismatches or larger loops of mismatched DNA. 
hMSH2 serves as the “scout” that recognizes mismatched DNA. 
It forms a complex with either hMSH6 or hMSH3, depending on 
the number of mismatched nucleotides. A second heterodimeric 
complex (hMLH1/hPMSI) is then recruited to excise the mis-
paired nucleotides. hMUTSa = hMSH2/hMSH6; hMuTSb = hMSH2/
hMSH3; hMutLa = hMLH1/hPMS1. bp base pair. (Reprinted with 
permission from Chung DC, Rustgi AK. The hereditary non-poly-
posis colorectal cancer syndrome: genetics and clinical implica-
tions. Ann Intern Med. 2003;138:560–70).

Figure 37-7. A Medullary carcinoma type pattern with peritumoral 
lymphocytic infiltrate, B MSI-H cancer with marked peritumoral 
lymphocytic infiltrate (Crohn’s-like reaction), ×20 magnification. 
(Courtesy of Robert E. Petras, MD, National Director Gastrointes-
tinal Pathology Services, Ameripath Inc., Oakwood Village, OH 
and Associate Professor of Pathology, Northeastern Ohio University 
College of Medicine).
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Clinical Features

Patients with Lynch syndrome have an increased lifetime 
risk of colon cancer and other extracolonic cancers (see 
Table 37-8). Colon cancer is the most frequently diagnosed 
cancer (80%) and endometrial cancer is the most frequent 
extracolonic cancer (50–60%).130 Colorectal cancers in 
Lynch syndrome are usually proximal to the splenic flexure 
(68% vs. 49% of sporadic cancers), more likely to have asso-
ciated synchronous cancers (7% vs. 1% sporadic colon can-
cer), and have increased metachronous cancers at 10 years 
(29% vs. 5% sporadic cancers).131 Similarly, women with 
Lynch syndrome-related endometrial cancer have a 75% risk 
of a second cancer during a 26-year follow-up. The median 
age of onset of colon cancer is 42 years and for endometrial 
cancer it is 49 years.115

In Lynch syndrome, an adenoma is the precursor lesion 
for cancer. In a Danish surveillance study, 70% of mutation 
carriers developed adenoma by age 60 as opposed to 37% 
in the control group. The adenomas in the mutation car-
rier group were larger and had a higher proportion of vil-
lous components and high-grade dysplasia. Adenomas were 
located in the proximal colon and 70% of the polyps had 
an absent MMR protein on immunohistochemistry.132 One 
cancer is prevented for every 2.8 polyps removed in HNPCC 
patients133 compared to one cancer being prevented for every 
41–119 polypectomies in the general population.134 It is esti-
mated that malignant transformation occurs in 3 years in 
HNPCC as opposed to 10 years in sporadic colon cancer.

Two other types of polyps – the flat adenoma and  serrated 
adenoma – have been implicated as possible precursors of Lynch 
syndrome cancers. Flat adenomas are found proximally in up 
to 50% of Lynch syndrome patients (Figure 37-8A and B).135 
About 20% of flat adenomas show MSI-H and have a mutation 
in the TGFbRII gene.136 These polyps are difficult to detect 
during colonoscopy and flat adenomas with advanced histol-
ogy (high-grade dysplasia or cancer) are significantly smaller 
(10.7 mm) than comparable polypoid lesions (20 mm).137

Genotype/Phenotype Relationships

Few studies evaluate phenotype–genotype correlations in 
Lynch syndrome. One study of 35 families found the MSH2 
mutation to be associated with a later age of onset of rec-
tal cancer and more extracolonic cancers than in the MLH1 
mutation-positive group.138 Another study confirmed the 
association of MSH2 mutations and extracolonic cancers.139 
Germ line MSH6 mutations are uncommon, and associated 
with a particularly high risk of uterine cancer, which is more 
common than colon cancer in affected women. Colorectal 
cancer occurs at a later age of onset in these families than in 
those with the more common MLH1 and MSH2 genotypes. 
In 91 patients with familial colorectal cancer, 6 (7.0%) were 
found to have MSH6 mutations, their tumors were microsat-
ellite low (MSI-L), had a median onset of 61 years, and the 
families did not fulfill Amsterdam I criteria.140 The Interna-
tional Collaborative Group has collected over 30 potentially 

Table 37-8. Lifetime risks for cancer associated with the heredi-
tary non-polyposis colorectal cancer syndrome

Type of cancer Persons with HNPCC General population

Colorectal 80–82 5–6
Endometrial 50–60 2–3
Gastric 13 1
Ovarian 12 1–2
Small bowel 1–4 0.01
Bladder 4 1–3
Brain 4 0.6
Kidney, renal, pelvis 3 1
Biliary tract 2 0.6

Adapted from Chung DC, Rustgi AK. The hereditary nonpolyposis colorectal  
cancer syndrome: genetics and clinical implications. Ann Intern Med. 2003; 
138:560–70.

Figure 37-8. A Colonoscopic view of a flat adenoma in the cecum 
that could easily be overlooked. Such polyps are more easily seen 
using dye-spraying techniques, B Microscopic view of same polyp 
following endoscopic removal, showing severe dysplasia, ×100 
magnification. (Courtesy of Dr. Robert E. Petras, MD, National 
Director Gastrointestinal Pathology Services, Ameripath Inc., Oak-
wood Village, OH and Associate Professor of Pathology, North-
eastern Ohio University College of Medicine).
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pathogenic MSH6 mutations. Thirty-five percent of these 
mutations involve only one amino acid.141 Colorectal cancers 
are more frequently left-sided in MSH6 carriers.142 The risk 
of endometrial cancer is increased over MSH2 or MLH1 car-
riers (76% vs. 30%) and that of colon cancer is decreased 
(32% vs. 80%). The median age of onset is 55 years.143 Com-
bined MSI testing and immunohistochemistry, as well as the 

distinctive phenotype are used to select families for MSH6 
mutation analysis (Figures 37-9–37-11).

Muir–Torre Syndrome

The Muir–Torre syndrome is the combination of Lynch syn-
drome and sebaceous adenomas, sebaceous carcinomas, and 

Figure 37-9. Detection of microsatellite instability with the use of fluorescent labeling of polymerase chain reaction (PCR) products 
analyzed in an automatic sequencer. Two markers are analyzed in the same track: the mononucleotide repeat marker BAT26 is shown on 
the left, and the dinucleotide marker D2S123 is shown on the right. The upper tracking is from germ line DNA from blood. The lower 
tracing is from DNA extracted from a histologic section of a tumor containing more than 50% tumor cells. For marker BAT26, germ 
line DNA shows a single peak, indicating that the patient is homozygous for this marker (arrow). Tumor DNA shows, in addition to the 
normal allele (single arrow), a new allele (double arrows) that has lost approximately five nucleotides. This constitutes microsatellite 
stability. For marker D2S123, germ line DNA is homozygous, whereas tumor DNA shows two new alleles (triple arrows), one with a 
loss of approximately 10 nucleotides (left) and one with a gain of two nucleotides (right). Thus, the tumor shows microsatellite instability 
with both markers. All peaks display “stutter” – that is, small amounts of material with a gain or a loss of one or a few nucleotides. This 
is a normal phenomenon. (Reprinted with permission from Lynch HT, De la Chapelle A. Hereditary colorectal cancer. N Engl J Med. 
2003;348:919–32. Copyright © 2003 Massachusetts Medicine Society. All rights reserved).

Figure 37-10.  hMLH1 immunohistochemistry. Blue arrow indicates 
positive nuclear staining for the presence of hMLH1 protein within 
an inflammatory cell. Black arrow demonstrates the absence of pro-
tein within cancer cells, ×400 magnification. (Courtesy of Robert E. 
Petras, MD, National Director Gastrointestinal Pathology Services, 
Ameripath Inc., Oakwood Village, OH, and Associate Professor of 
Pathology, Northeastern Ohio University College of Medicine).

Figure 37-11. hMSH2 immunohistochemistry. Positive nuclear 
staining demonstrates the normal presence of hMSH2 protein, ×400 
magnification. (Courtesy of Robert E. Petras, MD, National Direc-
tor Gastrointestinal Pathology Services, Ameripath Inc., Oakwood 
Village, OH, and Associate Professor of Pathology, Northeastern 
Ohio University College of Medicine).
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keratoacanthomas. Colorectal cancers are most commonly 
found (51%) and are often proximal to the splenic flexure 
(60%). Although only 25% of Muir–Torre patients develop 
a polyp, 90% of patients who develop polyps develop colon 
cancer. The second most frequent tumors are genitourinary 
(24%).144,145 Germ line mutations in MLH1 and MSH2 [145] 
have been identified, and many of the tumors exhibit MSI. 
The visceral tumors are often low-grade and prolonged sur-
vival in the presence of metastatic disease has been reported. 
The median age of diagnosis is 55 years and only 60% has a 
positive family history.144

Diagnosis

1. Amsterdam Criteria
The key to the diagnosis of Lynch syndrome is a high index 
of suspicion and an awareness of some of the subtle phe-
notypic clues. The easiest clue to detect is a strong fam-
ily history of colorectal and Lynch syndrome cancers. The 
first Amsterdam criteria (I) (Table 37-7) were created to 
identify patients with a high probability of having HNPCC. 
However, the Amsterdam I criteria were faulted for not 
including extracolonic cancers, and so Amsterdam II crite-
ria were published to correct this (Table 37-7). A third set 
of Amsterdam Criteria (Amsterdam-like) have been used, 
where an advanced adenoma is allowed to qualify one of 
the three affected individuals, accounting for the phenotype 
attenuation caused by increasingly widespread screening. 
However Hampel et al. have shown that when Lynch syn-
drome was diagnosed by MSI-directed mutational testing, 
22% of families did not meet Amsterdam criteria and 10/23 
probands were older than 50 years.146 Therefore, although 
Amsterdam criteria are still useful, on their own they have a 
high false negative rate. The “false positive” rate of Amster-
dam criteria for MMR gene mutation carriers (Lynch syn-
drome) represents Familial Colorectal Cancer Type X.

2. Bethesda Criteria
In 1996, a National Cancer Institute workshop on MSI 
produced a set of criteria to identify patients who’s 
cancers are likely to be microsatellite unstable. These 
Bethesda criteria and their revision (Table 37-9).147,148 

include family history as well as tumor characteristics, 
such as histology and site. The Bethesda criteria are a 
useful screen for triaging colorectal cancers for MSI 
testing but were never intended as diagnostic criteria for 
Lynch syndrome.

3. Tumor testing with MSI and Immunohistochemistry
MSI testing is being used as a screening test to detect 
Lynch syndrome although 15% of sporadic colorec-
tal cancers are unstable due to promoter methylation of 
hMLH1. Thus, in screening colorectal cancers for Lynch 
syndrome, an MSH-High tumor may be further tested 
with IHC to detect lack of expression of an MMR pro-
tein. If hMSH2 is not expressed, this is good evidence for 
Lynch syndrome. If hMLH1 is not expressed, the clinical 
situation (i.e., family history, age and site of the cancer) 
may give a clue as to the existence of Lynch syndrome. 
The tumor can also be tested for a BRAF mutation which, 
if present, suggests a sporadic, hypermethylated cancer 
rather than Lynch. After tumor triage by MSI and IHC 
testing, patients can be selected for genetic testing for a 
germ line mutation.

4. Histology
Pathologists may recognize cancers that have arisen due 
to the mutator phenotype by the presence of tumor infil-
trating lymphocytes, a Crohn’s-like reaction, mucinous 
differentiation, signet ring cells, and the absence of dirty 
necrosis.149 A tumor with any of these features is a can-
didate for MSI or IHC testing. Several institutions now 
routinely perform either MSI or IHC on every colorectal 
cancer, which minimizes the importance of a pathologist’s 
suspicion.

5. Predictive models
At least three predictive scores have been created to pre-
dict the presence of MMR deficiency in a patient or tumor. 
MSPath was constructed by Jenkins et al. using tumor-
infiltrating lymphocytes, tumor location (proximal vs. 
distal), mucinous histology, poor differentiation, Crohn’s-
like reaction, and diagnosis before age 50 years.149 It had a 
sensitivity of 93% and a specificity of 55% for MSI-High. 
MMRpro was devised by Chen et al. to predict the proba-
bility that a patient carries a deleterious mutation of MLH1, 
MSH2, or MSH6, and the chances of developing colorectal 
or endometrial cancer in the future.150 It includes family 
history, endometrial cancer status, and current age or age 
at last follow-up (in years) if unaffected. Results of MSI 
testing or IHC are used if available as is the result of previ-
ous germ line testing of MLH1, MSH2, or MSH6 (positive 
or not found). The formula had a concordance index of 
0.83 and a ratio of observed to predicted cases of 0.94. 
It is available online at http://www4.utsouthwestern.edu/
breasthealth/cagene/ Barnetson et al.151 produced a predic-
tive formula to calculate the risk of carrying a germ line 
MMR gene mutation. It is: Pr/(1 − Pr) = 1.39 × 0.89 age at 

Table 37-9. Modified Bethesda guidelines

•	 Patient	with	2	HNPCC-related	tumors.
•	 Patient	with	CRC	with	first-degree	relative	with	HNPCC-related	cancer;	

one of the cancers at <50 years or adenoma at <40 years.
•	 Patient	with	CRC	or	endometrial	cancer	at	<50	years.
•	 Patient	with	right-sided,	undifferentiated	CRC	at	<50	years.
•	 Patient	with	signet	ring	CRC	at	<50	years.
•	 Patient	with	adenoma	at	<40	years.

Modified from Rodriguez-Bigas MA, Boland CR, Hamilton SR, Henson 
DE, Jass JR, Khan PM, Lynch H, Perucho M, Smyrk T, Sobin L, Srivastava 
S. A National Cancer Institute Workshop on hereditary nonpolyposis col-
orectal cancer syndrome: meeting highlights and Bethesda guidelines. J Natl 
Cancer Inst. 1997;89:1758–62.

http://www4.utsouthwestern.edu/breasthealth/cagene/
http://www4.utsouthwestern.edu/breasthealth/cagene/
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 diagnosis × 2.57 gender (male = 1, female = 0.57) × 4.45 (site 
of tumor, proximal = 1, distal = 0) × 9.53 synchronous or 
metachronous tumor (yes = 1, no = 0) × 46.26 family his-
tory of colorectal cancer (youngest < 50) × 7.04 family 
history of colorectal cancer (youngest > 50 years of age) 
(yes = 1, no = 0) × 59.36 family history of endometrial can-
cer <50 years of age(yes = 1, no = 0). This model provided 
a subset of patients in whom preoperative tumor biopsies 
could be subjected to IHC, and the combination has a pos-
itive predictive value of 80% for mutation  carriers.

Genetic Testing for a Germ line  
MMR Gene Mutation

Indications

Patients whose families fulfill Amsterdam I, II and like crite-
ria, patients fulfilling revised Bethesda criteria, patients with 
MSI-high tumors with wild type BRAF or loss of expres-
sion of an MMR protein are candidates for genetic testing 
(Table 37-10).

Procedure

Genetic counseling is routine. Patients and family members 
must understand the advantages and potential disadvantages 
of testing. The significance and implications of genetic test-
ing in general, and in Lynch syndrome in particular, are dis-
cussed, as they apply to the patient and their family. This 
includes the remote possibility of genetic discrimination and 
the protection afforded by the recently enacted GINA. Finan-
cial concerns are addressed. After all this, informed consent 
is obtained.

Sequencing of MSH2, MLH1, PMS2 and hMSH6 is now 
commercially available. The cost of this testing is usually 
covered by the patient’s health insurance. Once the patho-
logic mutation in the family has been found, screening of 
at-risk relatives is considerably cheaper. The mutations 
themselves include a broad spectrum of truncating, frame-
shift, and missense mutations. A missense mutation results 
in the substitution of a single amino acid, and the effect 
on protein function may be negligible. This type of mis-
sense mutation is often reported as a variant of unknown 
significance. About 31% of MLH1 mutations are this type 

and further testing by a specialized center is required to 
 determine its clinical significance and usefulness. A data 
bank of known mutations is kept by the International Soci-
ety for  Gastrointestinal Hereditary Tumors (InSiGHT).152 
Some affected families do not have a point mutation but 
may have a large gene deletion or an intronic mutation that 
is not detected by sequencing. Such false negative testing is 
minimized by other molecular techniques, such as Southern 
Blotting or Conversion analysis.153

Strategy of Genetic Testing

Testing should begin with an affected individual (in whom 
a Lynch syndrome cancer has been diagnosed). When the 
proband has a negative or a noninformative test (including 
variant of unknown significance), genetic testing of at-risk 
family members is not helpful and all at-risk family mem-
bers require intensive surveillance. When the proband has a 
pathologic mutation, at-risk family members can be offered 
genetic screening. Those that carry the mutation need inten-
sive surveillance and/or prophylactic surgery. At-risk family 
members who are mutation negative are at average popula-
tion risk of colorectal cancer.

Surveillance

Colorectal cancers in Lynch syndrome can occur in very 
young patients and develop within 2 years of a negative 
colonoscopy.154,155 Adenomas occur earlier and are more 
likely to be villous. The adenoma to carcinoma transition 
occurs early and small cancers can be missed.156 Screening 
colonoscopy must therefore be thorough and uncompro-
mising with excellent preparation. Most guidelines suggest 
beginning colonoscopy at age 21, or 10 years younger than 
the youngest affected relative’s age at diagnosis (whichever 
is younger). Colonoscopies continue every 2 years until 
age 40 when they are every year. If an adenoma is found, 
colonoscopy is every year thereafter.

The value of screening colonoscopy in Lynch syndrome 
was demonstrated by Jārvinen and colleagues who studied 
a group of 252 individuals belonging to 22 HNPCC fami-
lies.155 Of these, 137 participated in screening colonoscopy 
every 3 years, while the remainder refused such evaluation. 
Colorectal cancer developed in 8% of the screened family 
members, compared to 16% of those who refused screen-
ing. In those individuals who were known to have a DNA 
MMR gene mutation (Lynch syndrome), the rate of col-
orectal cancer in those who underwent screening was 18% 
compared to 41% in those who did not undergo screening. 
All cancers that developed in the screened group were either 
Dukes’ A or B lesions, with no attributable deaths, compared 
to more advanced lesions in the unscreened group and nine 
deaths due to cancer (8%).

Due to the high risk of endometrial cancer in women, 
annual pelvic ultrasound to examine the endometrium is 

Table 37-10. Direct mutation finding (n = 70)

Category Sensitivity (%) Specificity (%)

Amsterdam [n = 28] 61 67
Amsterdam II [n = 34] 78 61
Bethesda [n = 56] 94 25
Bethesda (1–3) [n = 44] 94 49

Adapted and reproduced from Syngal S, Fox EA, Eng C, Kolodner RD, Garber 
JE. Sensitivity and specificity of clinical criteria for hereditary non-polyposis 
colorectal cancer associated mutations in MSH2 and MLH1. J Med Genet. 
2000;37:641–45.
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recommended beginning between ages 25 and 35 years as 
the increased risk for gynecological cancer in these patients 
begins at age 25.157,158 Endometrial biopsy is done if the 
 ultrasound is abnormal. There are no data demonstrating the 
efficacy of this type of screening.159 Should a Lynch syn-
drome patient be diagnosed with endometrial cancer, they 
should undergo surveillance colonoscopy prior to hyster-
ectomy in the event that colonic pathology is present and 
colonic resection required at the same surgery. Similarly, 
when a Lynch syndrome patient develops colorectal cancer, 
prophylactic hysterectomy should be considered at the same 
time as the bowel resection.

Prophylactic colectomy and hysterectomy is the most 
effective way to prevent cancer in Lynch syndrome patients. 
Although prophylactic colectomy is not commonly per-
formed in unaffected mutation carriers, its benefits must be 
discussed.

Treatment

Surgery

The surgical options for colon cancer in a Lynch syndrome 
patient are a standard right, left, or sigmoid colectomy, or a 
colectomy and ileorectal anastomosis. For a rectal cancer, the 
options are a standard anterior proctosigmoidectomy and col-
orectal or coloanal anastomosis, or abdominal perineal resec-
tion with end colostomy, versus a total proctocolectomy with 
ileal pouch anal anastomosis or end ileostomy. The aim of 
the more extensive option in either case is to remove at risk 
mucosa and prevent metachronous cancer, in the way that is 
routinely done for classical FAP. Oncologically, IRA is the 
operation of choice for colon cancer. It minimizes cancer risk, 
preserves anal sphincter function, and retains the reservoir 
capacity of the rectum.160,161 This operation eliminates the 
need for annual surveillance colonoscopy, since only rigid 
or fiberoptic examination of the rectum is required. The esti-
mated risk of rectal cancer after colectomy and IRA is 12% 
at 12 years.162 However, colectomy and IRA may not be the 
ideal operation for patients with impaired anal sphincter func-
tion due to either obstetrical injury or age, for patients with 
comorbidities, or for those with decreased mobility. It may 
also predispose some patients to diarrhea and poor functional 
results. In these patients, a lesser resection may be preferable. 
It is essential, however, that both the patient and physician 
recognize the need for ongoing annual colonoscopy, since the 
risk for a metachronous colon cancer in HNPCC is 45%.131

In cases of rectal cancer not involving the sphincters, 
either anterior resection, coloanal anastomosis or colectomy 
and ileal pouch anal anastomosis can be considered. In the 
event that the last option is chosen, preoperative endorec-
tal ultrasound or MRI staging is desirable. In uT3 or uN1 
cancers, preoperative chemoradiation should be given since 
ileal pouches tolerate radiation poorly.

In women undergoing colectomy, strong consideration 
should be given to performing a hysterectomy and bilateral 

salpingo-oophorectomy if their family is complete, due to the 
increased risk of both endometrial and ovarian carcinoma.

There is controversy as to whether surgical treatment or 
continued surveillance should be offered to the asymptomatic 
patient who has a mutation identified by genetic testing, but 
an as yet “normal” colon. Several studies have examined this 
question using decision analysis methods; however, factors 
such as patient compliance must be taken into account.163,164

Prognosis

The survival rate in Lynch syndrome patients with colorec-
tal cancer is better than that of patients with sporadic col-
orectal cancer when matched for stage and age of onset.165,166 
There is also evidence that patients with stage II or III 
 microsatellite unstable colorectal cancers do not benefit  
from 5-fluorouracil-based adjuvant therapy, and may even 
do worse with it.167,168

Chemoprevention

While data exist to support the efficacy of NSAIDs in reduc-
ing the risk of colorectal cancer in the general population, 
such data are lacking for Lynch syndrome.169,170 The recent 
CAPP II trial was a controlled, randomized trial of colorectal 
polyp and cancer prevention using aspirin and resistant starch 
in carriers of a germ line MMR gene mutation. Its first report 
described no impact of this chemoprevention on the devel-
opment of adenomas or carcinomas,171 although extended 
follow-up suggests that there may be a benefit in reduced 
cancer incidence (J. Burn, personal communication).

Calcium and vitamin D intake have been associated with a 
decreased risk of sporadic colorectal cancer.172 A trial of sup-
plemental calcium in HNPCC families did not demonstrate a 
decrease in epithelial proliferation, although the sample size 
was small and the study was conducted before genetic test-
ing was available.173

Familial Colorectal Cancer Type X

This collection of families, where the history of colorectal 
cancer is strong enough to comply with Amsterdam Criteria 
but where tumors are microsatellite stable, is poorly defined. 
The original report that separated these families from Lynch 
syndrome found a moderate increase in risk of colorectal can-
cer but no risk of the usual Lynch spectrum of extracolonic 
cancers. Genetically, the Type X families may include Lynch 
syndrome due to hMSH6 mutations (unlikely as a predomi-
nance of uterine cancer would be expected), MAP, SPP, and 
other as yet unknown genotypes. Until FCC Type X is better 
defined genetically, intensive colonoscopic surveillance for 
all related family members is all that can be advised.

Our knowledge about Lynch syndrome continues to grow. 
This disorder is associated with a germ line mutation in one 
of several MMR genes. Genetic testing is currently avail-
able for mutations in hMLH1, hMHS2, hMSH6, and hPMS2. 
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Suspicion of this disorder in a given patient is raised by a 
 family history of early age onset cancer, an increased num-
ber of first-degree relatives with colorectal cancer, or a 
Lynch syndrome-related cancer. Endometrial cancer is the 
most common extracolonic cancer. While there is debate 
regarding the frequency and beginning of screening, most 
clinicians believe that colonic examinations yearly or every 
2 years should be performed beginning in the early 20s, or 10 
years younger than the youngest affected relative (whichever 
is first). Prophylactic colectomy may be offered to known 
mutation carriers as well as members of at-risk families who 
develop advanced adenomas. Removal of all of the colon and 
IRA is suitable for patients with a colon cancer while total 
proctocolectomy and ileal pouch anal anastomosis should 
be considered for patients with rectal cancer. Continued sur-
veillance of residual colon, rectum, and pouch is mandatory. 
With careful surveillance and management, colorectal can-
cer can be prevented in these patients and the mortality rate 
decreased. In those who develop colorectal carcinoma, the 
overall survival rate is more favorable than that of patients 
with sporadic colorectal cancer.

Registries for Patients with Hereditary  
Colorectal Cancer and Their Families

Treatment of patients with hereditary colorectal cancer 
requires a thorough understanding of the role that genetics 
plays in the origin of the syndromes and their inheritance in 
the families. Care of affected individuals and their families 
involves clinical recognition, genetic diagnosis, and clini-
cal management. Ongoing care requires careful follow-up 
and integration of multiple medical specialties. This sort of 
sophisticated care is best delivered through a Center or Reg-
istry dedicated to hereditary colorectal cancer. Such a Center 
is ideally positioned to conduct meaningful research on their 
often illuminating cases and families. This chapter assumes 
that patients and families have access to doctors with suit-
able knowledge, experience, and support to deliver the kind 
of care that is needed.

Registries

Once a diagnosis of HNPCC is suspected, a referral to a registry 
for inherited colorectal cancer or to a cancer center with a high-
risk clinic is important. A registry has a database or list of fami-
lies and their members who have a high frequency of colorectal 
cancer. Personnel at the registry may include a coordinator, a 
genetic counselor and a physician director. The mission of reg-
istries is to prevent death from hereditary cancer, and to preserve 
quality of life for the patients and their families. This is accom-
plished through expert patient care, careful education of patients 
and other healthcare providers, and innovative research. Care of 
families with hereditary colorectal cancer is complex and needs 
to be multidisciplinary. The registry functions to coordinate 
care between specialties and between the family doctor and the 

specialist unit. Registry personnel provide further support for 
myriad problems, such as family stress, health insurance diffi-
culties, and job discrimination. A local registry can be found by 
accessing the Collaborative Group of the Americas on Inherited 
Colorectal Cancer at http://www.cgaicc.com.
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Colorectal Cancer: Epidemiology, Etiology,  
and Molecular Basis
Harvey G. Moore, Nancy N. Baxter, and Jose G. Guillem

Epidemiology

Colorectal cancer (CRC) is a disease with a major world-
wide burden. It is the fourth most frequently diagnosed 
malignancy in men and third most common in women, with 
almost one million people developing CRC annually.1 In 
the world, CRC is the third most common cause of cancer 
death, responsible for 639,000 deaths annually.2 In the USA, 
CRC is the third most common cancer in men and women 
and the second most common cause of cancer death overall, 
accounting for 11% of cancers diagnosed.3 It was estimated 
that 147,000 cases were diagnosed in the USA in 2009 and 
that there were 50,000 deaths from the disease.3

The worldwide incidence of CRC is increasing; in 1975, 
the worldwide incidence of CRC was only 500,000.4 In west-
ern countries, some of the increase is due to the aging of the 
population; however, in countries with a low baseline rate of 
CRC, the incidence is increasing even after age-adjustment. 
Prior to 1985, the age-adjusted incidence of CRC in the 
USA also increased; however, since this time the rates have 
declined an average of −1.6% per year. In the time period 
1998–2005, the rate of decline accelerated; −2.8% per year 
in men and −2.3% per year in women (Figure 38-1).3 This 
reduction has been mainly confined to those of white race 
and is largely limited to a decrease in the incidence of distal 
cancers. Although the cause of the decrease in incidence is 
unknown, and may have been influenced by many factors, 
it is likely that much may be attributable to screening by 
sigmoidoscopy and colonoscopy.5 In contrast, the incidence 
of proximal cancers has remained relatively stable over the 
same time period.5 Currently, the overall probability of an 
individual developing CRC in the USA over a lifetime is 
5.5% in men and 5.1% in women.6

From a population perspective, age is the most important 
risk factor for CRC. CRC is predominantly a disease of older 
individuals; 90% of cases are diagnosed over the age of 50.6 
The risk of CRC continues to increase with age (Figure 38-2). 
The incidence per 100,000 people age 80–84 is over seven 
times the incidence in people age 50–54. However, CRC can 

occur at any age and the incidence of CRC occurring before 
age 40 may be increasing.7

In the USA, the risk of CRC differs by sex. The age-
adjusted incidence of CRC is over 40% higher in men than 
women. Overall, the incidence of CRC in men is 61 per 
100,000 males as compared to 45 per 100,000 females.6 In 
addition, the ratio of colon to rectal cancer differs by sex; the 
ratio of colon to rectal cases for women is 3:1 as compared 
to 2:1 for males.6

Race and ethnicity influence CRC risk. Ashkenazi  Jewish 
individuals appear to be at a slightly increased risk of 
CRC. At least part of this increased incidence may be due 
to a higher prevalence of the I1307K mutation of the ade-
nomatous polyposis gene (APC), a mutation that confers 
an increased risk of CRC development (18–30% lifetime 
risk). The I1307K mutation is found in 6.1% of unselected  
Ashkenazi Jewish individuals and 28% of Jewish individu-
als with CRC8, while the mutation is rare in other popula-
tions. In the USA, the incidence of CRC is higher in African 
Americans of either sex as compared to white Americans. 
Asian American/Pacific Islanders, Native Americans, and 
Hispanic Americans experience a lower incidence of CRC 
than Caucasians (Table 38-1).3,6 African Americans have not 
experienced the substantial reduction in incidence of CRC 
found to have occurred in whites; prior to 1980 incidence in 
African Americans was actually lower than in white Ameri-
cans. In African Americans, the increased rate of cancer is 
predominantly due to a higher rate of proximal cancers.9,10

According to the American Cancer Society, between 
1996 and 2004 for all patients diagnosed with CRC, 40% 
of patients were diagnosed with localized disease, 36% 
with regional disease and 19% with metastatic disease. Five 
percent of patients were unstaged. As a proportion of total 
cases, African Americans were more likely to present with 
advanced disease; 24% of African Americans have meta-
static disease at presentation (Table 38-2).3 Rates of meta-
static disease have fallen overtime, most notably for CRC of 
the distal colon and rectum in whites.10
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There is substantial geographic variation in the incidence 
of CRC, with relatively high rates in North America, West-
ern Europe, and Australia and relatively low rates in Africa 
and Asia (Figure 38-3).11 Such observations led to Burkitt’s 
hypothesis; that dietary differences, specifically fiber and fat 
intake, between populations were responsible for the marked 
variation in rates of CRC found around the world.12 Burkitt 
observed that populations in low-risk areas of the third 
world had greater stool bulk, a faster colonic transit time, 
and higher dietary fiber intake than populations in high-risk, 
westernized regions. Although such ecological studies are 
confounded by numerous factors (for example, variations 
in average life expectancy, cancer detection methods, etc.), 
environmental factors (most prominently dietary factors) are 
still considered to have a major role in this disease. This is 
supported by studies of migrants from low prevalence areas 
to high prevalence areas. Such studies generally demonstrate 
that the incidence of CRC in the migrants increases rapidly 
to become similar and in some cases to exceed the incidence 
of the high-risk area.13 Interestingly, there is less variation 
in the incidence of rectal cancer between countries as com-
pared to the incidence of colon cancer.14

Mortality from CRC is declining in the USA (Figure 38-1). 
Age-adjusted CRC death rates peaked in the 1940s at 35 per 
100,000. In women, rates steadily declined since this time, 
and between 2001 and 2005 the CRC death rate in white and 
African American women was 15.3 and 22.4 per 100,000, 
respectively. In men, death rates changed little until the 
1980s and 1990s, then declined significantly; between 2001 
and 2005 the CRC death rate in white and African American 
men was 22.1 and 31.8 per 100,000, respectively (Table 38-
1).3 Improvements in surgical and medical treatments likely 
explain some of the change, particularly improvements before 
1985. More recently, the reduced mortality rate is likely sec-
ondary to the reduced incidence of CRC. However, for those 
who develop CRC, no improvement in case-fatality has been 
identified since 198615 indicating that the trends in mortal-
ity are likely complex. African Americans suffer the high-
est mortality rate from CRC in the USA (Table 38-1).3 The 
reasons for the higher mortality rate are likely multifactorial, 
including the higher incidence of CRC, and the differences 
in stage distribution. However, African Americans had worse 
5-year survival for all stages of disease, and the difference in 
5-year survival rates between white and African Americans 
has actually increased over time, from an absolute difference 
of 5% in the 1970s (51% vs. 46%) to an absolute difference 
of 13% in 1990s (63% vs. 53%).16 Between 1996 and 2004, 
5-year survival for colon cancer in Caucasians and African 
Americans was 66% and 55%, respectively; for rectal cancer 
67% and 59%, respectively.3 Differences in incidence, stage 
distribution and survival of CRC between white and African 
Americans are in part due to differences in socioeconomic 
status, screening rates and treatment;17 however, the differ-
ences may also be due to genetic and environmental factors 
that have yet to be elucidated.

Figure 38-2. Age-specific SEER incidence rates in the United 
States 1992–2006.

Figure 38-1. Age-adjusted colorectal cancer incidence and death 
rates in the United States 1975–2006.
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Figure 38-3. A Age-Standardized (to the world population) 
 incidence rates of cancer of the large bowel among females, B Age-
standardized (to the world population) incidence rates of cancer of 
the large bowel among males.

Table 38-1. Incidence and mortality rates* for CRC by site, race and ethnicity, US 2001–2005

 
White

African 
American

Asian American  
and Pacific Islander

American Indian/ 
Alaska Native Hispanic/Latino

Incidence Male 58.9 71.2 48.0 46.0 47.3
Female 43.2 54.5 35.4 41.2 32.8

Mortality Male 22.1 31.8 14.4 20.5 16.5
Female 15.3 22.4 10.2 14.2 10.8

*per 100,000 age-adjusted to the 2000 US standard population

Adapted from Jemal A, Siegal R, Ward E, Hao Y, Xu J, Ward E, and Thun MJ; American Cancer Society.  
Cancer statistics, 2009. CA Cancer J Clin. 2009;59:225–249. Table 11. Incidence and mortality rates for by site, race 
and ethnicity, United States, 2001–2005. Pg 242.

Table 38-2. Stage at diagnosis (United States 1996–2004)

 Whites African Americans

Localized 40 35
Regional 36 34
Distant 19 24
Unstaged  5  7

Numbers are percentages

Adapted from Jemal A, Siegal R, Ward E, Hao Y, Xu J, Ward E, and Thun 
MJ; American Cancer Society. Cancer statistics, 2009. CA Cancer J Clin. 
2009;59:225–249. Figure 9. Incidence and mortality rates for by site, race 
and ethnicity, United States, 2001–2005. Pg 246.

Because CRC is a survivable cancer, with a 5-year survival 
rates adjusted for life expectancy of 64%,6 the prevalence 
of people living with a diagnosis of CRC in the population 
is substantial. In total, over one million Americans alive in 
2006 have had a diagnosis of CRC.18

Etiology

Dietary Constituents and Supplements

The colon is constantly exposed to the substances we ingest 
and the by-products of ingestion. Thus, the role of diet in 
the pathogenesis of CRC has long been speculated. How-
ever, the relationship between diet and CRC risk is at best 
unclear. Studies in this area are difficult to conduct, as expo-
sures tend to be multifactorial and change, with our diet, 
over time. In addition, because colorectal carcinogenesis 
is a multistep process, a number or combination of expo-
sures may be necessary, and genetic susceptibility is likely 
to play a role. In addition, in most cases randomized trials 
are not feasible, and therefore studies must be observational 
in nature. When intervention studies are possible, follow-up 
is relatively short term (compared to the long-term exposure 
that may be necessary for cancer development), and single 
dietary components are generally selected for evaluation 
although the influence of diet may depend on complex inter-
actions between dietary constituents. In addition, to reduce 
sample size some studies are conducted on patients with a 
previous history of adenomatous polyps. Some interven-
tions in these patients may not be effective, as such patients 
may have already acquired numerous genetic alterations in 
normal appearing colonic mucosa. Some interventions may 
need to be instituted prior to the development of polyps. 
Although it can be stated that an individual with no other 
risk factors for CRC who ingests a diet that is high in fiber, 
fruits, vegetables, and low in animal fat and red meat is on 
average at lower risk of CRC than an individual who eats a 
diet low in fiber, fruits, and vegetables and high in animal fat 
and red meat, it is difficult to determine with certainty which 
dietary components or combinations are responsible for the 
decreased risk.
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Dietary Fat

Dietary fat, particularly saturated animal fat, has been 
implicated in carcinogenesis of the colon and rectum. Early 
research using animal models demonstrated a carcinogenic 
effect of dietary fat on colonic mucosa,19,20 and epidemio-
logic studies found parallels between CRC rates and dietary 
fat consumption. Countries with populations eating a high 
fat diet had higher CRC rates than countries with popula-
tions eating a lower fat diet.21 However, dietary fat consump-
tion is related to a number of other factors that may influence 
cancer risk, including other dietary factors such as dietary 
fiber and micronutrient consumption, as well as life-style 
factors, such as exercise and alcohol consumption. There-
fore, ecological comparisons between countries are subject 
to a substantial risk of confounding.22

Over 13 case-control studies have been conducted to 
 evaluate the relationship between dietary fat intake and the 
risk of CRC. These have been quantitatively summarized by 
Howe et al.23 and include 5,287 cases with CRC and 10,470 
controls. Although positive associations were identified for 
total energy intake and CRC in almost all of the studies, there 
was no energy-independent relationship between dietary 
fat intake and CRC risk. After controlling for total energy 
intake, the odds of development of CRC in subjects with the 
highest dietary fat intake as compared to those with the low-
est intake was 0.90 (95% CI, 0.72–1.13). Overall, there was 
no evidence for any association of total dietary fat intake and 
development of CRC.

In addition, at least six cohort studies have been con-
ducted to evaluate the relationship between dietary fat and 
CRC.24–27 Only one of these studies25 identified an associa-
tion between dietary animal fat and development of CRC, 
with a twofold increase of CRC in the highest consumers 
of animal fat compared to the lowest consumers. In a ran-
domized, controlled clinical trial, 48,835 women were ran-
domized to either dietary modification (aimed at reducing 
dietary fat and increasing consumption of fruits, vegetables, 
and grains) or to the control group (no dietary modification). 
At a mean follow-up of 8.1 years, there was no difference in 
the incidence of CRC between those in the dietary modifi-
cation group and controls (RR = 1.08; 95% CI, 0.91–1.29). 
Of note, the amount of reduction of dietary fat achieved by 
patients in the dietary modification group was only 70% of 
the target reduction described in the original study design, 
and it is possible that better compliance might have resulted 
in a positive finding.28 However, taken together, the prepon-
derance of evidence does not support an increased risk of 
CRC with increasing consumption of dietary fat.

Red Meat

There are a number of potential carcinogenic mechanisms 
unrelated to fat content that may result in a causal relation-
ship between red meat ingestion and CRC. Red meat is high 
in iron, a prooxidant. Dietary iron may increase free radical 

production in the colon, and these free radicals may cause 
chronic mucosal damage or promote other carcinogens. 
In humans, red meat ingestion stimulates the production 
of N-nitroso compounds in a dose-response fashion.29 As 
many N-nitroso compounds are known carcinogens, this is 
a potential mechanism for an association between red meat 
and CRC. Formation of heterocyclic amines and polycyclic 
aromatic hydrocarbons in meat by cooking over an open 
flame or cooking until well done may be an important fac-
tor as these compounds are carcinogenic in animal models.30 
Alternatively, dietary heme, present in red meat, may have a 
cytotoxic effect on colonic surface epithelium, resulting in 
rebound inhibition of apoptosis and crypt hyperplasia.31

A large number of epidemiologic studies have been con-
ducted to determine the effect of ingestion of red meat on 
CRC risk. Three meta-analyses have been published,32–34 
one combining the results of 13 cohort studies,33 the  second 
combining 21 case-control studies and six cohort studies,34, 
and the third involving 17 prospective cohort studies and 
two case-control studies.32 In the three meta-analyses, the 
pooled estimate for the increase in the risk of CRC due to 
red meat consumption was similar; odds of development of 
CRC in the highest meat consuming groups as compared 
to the lowest was 1.14–1.28. A daily increase of 100 g of 
red meat (3.5 oz) was associated with a 12–17% increased 
risk of CRC (RR = 1.24–1.28). The risk was substantially 
higher with the ingestion of processed meat in two studies 
(49–54%),33,34 but was slightly less for red meat in the most 
recent analysis.32 Of note, individuals that consume diets 
high in red meat generally consume diets low in other dietary 
factors, such as antioxidants that may themselves be impor-
tant in colorectal carcinogenesis. It is therefore difficult to 
rule out the possibility that the apparent effect of red meat 
on the development of CRC may be confounded or modi-
fied by other dietary or lifestyle factors. Genetics may also 
play a role. In the Fukuoka Colorectal Cancer Study, colon 
cancer risk was increased in relation to red meat intake only 
in individuals with a specific polymorphism of Cytochrome 
P450 2E1 (CYP2E1).35

Fruit and Vegetable Intake

The effect of dietary intake of fruit and vegetables on CRC 
risk has been evaluated extensively. Fruits and vegetables are 
a source of antioxidants, including carotenoids and ascorbate. 
Other bioactive constituents in fruits and vegetables that 
may protect against carcinogenesis include the indoles and 
isothiocyanates. Previous research, including results from 
22 case-control studies and four prospective cohort studies, 
has provided substantial support for the hypothesis that veg-
etable intake reduces the risk of CRC, while intake of fruit 
did not seem to have an effect.36 Other studies, however, did 
not demonstrate a convincing link between vegetable or fruit 
intake and a reduced risk of CRC. In four large prospective 
cohort studies (the Nurse’s Health Study of 121,700 women, 
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the Health Professionals Follow-up Study of 51,529 men, 
the Netherlands Cohort Study on Diet and Cancer including 
120,852 men and women, and the Cancer Prevention Study 
II Nutrition Cohort, including 133,163 men and women),37–39 
fruit and vegetable intake was not statistically significantly 
associated with a reduced risk of CRC.

More recent studies have reported conflicting results. 
A pooled analysis of 14 cohort studies, including 756,217 
men and women followed between 6 and 20 years also did 
not find a significantly reduced risk of CRC in the highest 
consumers of total fruits and vegetables, total vegetables, 
or total fruits. However, when examined by colon site, high  
total fruit and vegetable intake was inversely correlated  
with the risk of CRC of the distal colon (RR = 0.74; 95% CI, 
0.57–0.95) but not for the proximal colon.40 Finally, the 
recently reported European Prospective Investigation into 
Cancer and  Nutrition (EPIC) study, involving a cohort of 
452,755 men and women followed an average of 8.8 years, 
reported a significant inverse relationship between total fruit 
and vegetable consumption and the risk of colon cancer 
(RR = 0.76; 95% CI, 0.63–0.91).41

The influence of fruit and vegetable consumption on the 
development of colorectal adenomas has also been investi-
gated. The Polyp Prevention Trial randomized 2,079 people 
with a history of colorectal adenomas to either intensive 
dietary counseling with assignment to a diet low in fat and 
high in fruits, vegetables, and fiber, or to a control group (no 
dietary change).42 No difference in adenoma recurrence rate 
was found in the intervention group as compared to the con-
trol group. However, follow-up of 34,467 women participat-
ing in the Nurses’ Health Study found an inverse relationship 
for total consumption of fruit, but not vegetables, on the risk 
of colorectal adenomas. Women who consumed five or more 
servings of fruit daily had a relative risk of 0.60 (95% CI, 
0.44–0.81) for developing adenomas in the distal colon or rec-
tum (<60 cm from the anal verge) compared to women who 
consumed one or fewer servings.43 A nested case-control study 
compared 3,057 men and women with at least one adenoma 
detected during participation in the Prostate, Lung, Colorectal, 
and Ovarian (PLCO) Cancer Screening trial to 29,413 control 
subjects. Similar to the Nurses’ Health Study, total fruit con-
sumption was associated with a significantly reduced risk of 
distal adenoma (odds ratio (OR) = 0.75; 95% CI, 0.66–0.86), 
whereas total vegetable consumption was not. However, high 
intake of certain vegetable groups, specifically deep-yellow 
vegetables, onions, and garlic was associated with a lower risk 
of adenoma development.44

Overall, the evidence for an association between fruit and 
vegetable intake and the risk of CRC is inconsistent. Given 
this, it is unlikely that a large number of cases of CRC can be 
attributed directly to a lack of intake of fruits or vegetables, 
or that major additional interventions to increase consumption 
would lead to a substantial reduction in the incidence of CRC.

Fiber

Dietary fiber was one of the first dietary components thought 
to have a protective role in carcinogenesis. An association 
of a high fiber diet with a decreased risk of CRC was first 
theorized in 1969 by Burkitt;12 however, the data regarding 
the association between fiber and CRC risk are conflicting. 
A number of mechanisms have been proposed for the protec-
tive effects of fiber; fiber may increase intestinal transit and 
therefore reduce the length of exposure of the colon to car-
cinogens, or fiber may dilute or absorb various potential  
carcinogens, particularly bile salts. In addition, products 
of fiber degradation and fermentation in the colon (such 
as butyrate) may also play a role.45 Surprisingly, two large 
American cohort studies, the Nurses’ Health study46 and 
the Health Professionals’ Follow-up Study24 found no evi-
dence of benefit of fiber on CRC risk.

However, more recent studies have reopened the debate. 
In the PLCO Cancer Screening Trial,47 a nested case control 
study of over 37,508 people undergoing flexible sigmoidos-
copy was performed using food frequency questionnaires. 
People who reported the highest amounts of fiber in their 
diets had the lowest risk of colorectal adenomas; 27% risk 
reduction compared to people who ate the least amount of 
fiber. The strongest association was found for fiber from 
grains, cereals, and fruits but not for fiber from legumes and 
vegetables. When colonic and rectal adenomas were evalu-
ated separately, the effect of fiber was seen only in colonic 
adenoma. In a second prospective cohort study, comparing 
the diet of over 500,000 people in 10 European countries, 
investigators48,49 found that people who consumed the most 
fiber had a 25% lower incidence of CRC than those who con-
sumed the least fiber. Again, the protective effect was greater 
for the colon than for the rectum. These discordant results 
prompted a meta-analysis in which the data from 13 pro-
spective cohort studies were reanalyzed. Although dietary 
fiber intake was inversely associated with the risk of CRC 
in age-adjusted analyses, this association did not hold when 
adjusted for other dietary risk factors.50 More recent cohort 
studies have produced conflicting results.51,52

Dietary interventions to increase fiber intake have 
proven unsuccessful in reducing the risk of colorectal 
neoplasia. A meta-analysis has evaluated the effect of five 
intervention trials.53 These studies randomized a total of 
4,349 individuals to some form of fiber supplementation or 
high fiber dietary intervention. When the data were com-
bined, there was no difference between the intervention 
and control groups for the number of subjects developing 
at least one adenoma (RR = 1.04; 95% CI, 0.95–1.13). The 
authors concluded that there is currently no evidence from 
randomized studies to suggest that increased dietary fiber 
intake reduces the incidence or recurrence of adenomatous 
polyps within a 2–4-year period. However, recently data 
from the US Polyp Prevention trial revealed that although 
there was no protective effect of fiber in those assigned 
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to fiber therapy, in the subgroup of those most adherent 
to dietary changes (high-fiber, high-fruit and -vegetables, 
low-fat), defined as “super compliers,” there was a 35% 
reduced incidence of recurrent adenomas (RR = 0.65; 95% 
CI, 0.47–0.92).54

Currently, there is no single accepted definition of fiber. 
Many different types of fiber exist (soluble/non-soluble; 
polysaccharides/non-polysaccharides) and these differences 
may influence CRC risk. Several studies suggest that fiber 
from whole grains may be protective against CRC.51,55 In 
addition, fiber intake itself may not be protective but may be 
correlated with other healthy lifestyle choices as well as other 
components of a healthy diet (for example, high vegetable, 
low fat, and low meat). The lack of effect found in random-
ized trials as compared to observational studies indicates this 
may be the case. However, the intervention trials may have 
been too short in duration to demonstrate an effect.

Calcium and Vitamin D

Substantial epidemiologic and experimental evidence exists 
to support the beneficial effect of calcium for the prevention 
of colorectal neoplasia. Calcium has the capacity to bind and 
precipitate bile acids and may directly influence mucosal 
cell proliferation. Most, although not all, of the observa-
tional studies evaluating the influence of dietary calcium 
have demonstrated a protective effect of calcium on the risk 
of CRC. Two randomized, double-blind, placebo-controlled 
intervention trials of calcium for the prevention of ade-
noma recurrence that included a total of 1,346 subjects56,57 
have demonstrated that the use of calcium supplementation 
(1,200 mg daily for a mean duration of 4 years or 2,000 mg 
daily for a mean duration of 3 years) was associated with a 
reduction in the recurrence of colorectal adenoma, although 
only one study56 achieved statistical significance. In a meta-
analysis of the two studies, the relative risk of developing 
recurrent adenomas was 0.74 for patients randomized to 
receive calcium as compared to placebo.58

The effect of calcium on a non-high-risk cohort is less 
clear. A meta-analysis of available studies conducted in 
199659 concluded that the evidence to support the benefit of 
calcium intake on reduction of colorectal neoplasia was not 
consistent with a substantial effect. A more recent pooled 
analysis of ten cohort studies, including 534,536 individu-
als60 published in 2004 evaluating the influence of dairy foods  
and calcium on CRC demonstrated a consistently decreased 
risk of CRC for those with the highest intake of dietary  
calcium as compared to those with the lowest intake 
(RR = 0.86; 95% CI, 0.78–0.95). Several subsequent 
large cohort studies have reported an inverse relationship 
between calcium intake and CRC incidence, with relative 
risks between 0.68 and 0.84 in men and 0.64 and 0.70 in 
women.61–64 However, a randomized, placebo-controlled 
trial of calcium plus vitamin D supplementation involv-
ing 36,282 postmenopausal women produced conflicting 

results. Women randomized to 1,000 mg daily of elemental 
calcium plus 400 IU vitamin D for an average of 7 years 
had a relative risk of CRC of 1.08 (95% CI, 0.86–1.34) 
compared to women who received placebo.65 This trial has 
been criticized for having an insufficient follow-up period, 
too small a dose of daily calcium, and many potential nutri-
tional confounders.66

Vitamin D alone may also have a chemopreventive effect 
via modulation of calcium absorption and gene expression.67 
Observational data provided the first suggestion of a link 
between vitamin D concentrations and CRC risk.68 Preclini-
cal investigation revealed several possible mechanisms by 
which Vitamin D exerts a chemopreventive effect on CRC, 
including inhibition of b-catenin69 or other antiproliferative 
effects.70,71 A large epidemiological study found a 29% reduc-
tion in CRC risk in individuals with the highest Vitamin D 
intake.39 In a case control study nested within the Multieth-
nic Cohort Study, plasma 25 (OH) D levels were measured 
using a chemiluminescence assay in 229 patients with CRC 
and 434 matched controls. An inverse trend was observed 
between Vitamin D level and the risk of CRC (OR, per dou-
bling of 25(OH)D = 0.68; 95% CI, 0.51–0.92).72 A recent 
meta-analysis investigated the relationship between circulat-
ing 25(OH)D levels and Vitamin D intake on the incidence 
of colorectal adenomas. Circulating 25(OH)D was inversely 
correlated with the incidence of adenomas (OR = 0.70; 95% 
CI, 0.56–0.87) for the high versus low circulating 25(OH)
D groups. A similar finding was noted for high versus low 
Vitamin D intake (OR = 0.89; 95% CI, 0.78–1.02).73 How-
ever, two recent meta-analyses addressing the relationship 
between Vitamin D and CRC incidence have produced con-
flicting results.74,75 In a meta-analysis of eight longitudinal 
studies addressing the relationship between serum 25(OH)
D levels and CRC incidence, in patients with an increase of 
25(OH)D by 20 ng/ml the OR for CRC incidence was 0.57 
(95% CI, 0.43–0.76).74 However, a meta-analysis of ten cohort 
studies involving 2,813 cancer cases reported that Vitamin D 
intake was associated with only a nonsignificant 6% reduc-
tion on CRC risk (RR = 0.94; 95% CI, 0.83–1.06).75

Folate

Folate, a B vitamin, is important for normal DNA methy-
lation. Methylation is important in the regulation of cellu-
lar gene expression. Folate deficiency may lead to cancer 
through disruption of DNA synthesis and repair, or loss of 
control of proto-oncogene activity.76 In 15 retrospective epi-
demiologic studies evaluating the association between folate 
and CRC risk, most demonstrate a statistically significant or 
trend toward a significant relationship between higher intake 
of folate and a reduced risk of CRC or adenoma formation. 
In an unpublished meta-analysis of 11 prior prospective stud-
ies, a 20% reduction in the risk of CRC was found in those 
with the highest folate ingestion as compared to those with 
the lowest level of ingestion.77
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However, recently results of two randomized, double-blind, 
placebo-controlled intervention trials have been published 
that do not support a protective effect of folate supplementa-
tion.78,79 In the first study, patients with a prior history of col-
orectal adenomas randomized to 1 mg of folic acid daily had 
a 44.1% incidence of at least one adenoma during follow-up, 
versus 42.4% in the placebo group. Patients on folate had a 
trend toward a higher incidence of advanced adenoma (11.4% 
vs. 8.6%, RR = 1.32; 95% CI, 0.90–1.32), as well as a higher 
incidence of ³3 adenomas (9.9% vs. 4.3%, RR = 2.32; 95% 
CI, 1.23–4.35).79 In the second study, 0.5 mg/day of folate was 
found to have no effect on adenoma recurrence (RR = 1.07; 
95% CI, 0.43–0.91). No increase in advanced adenoma for 
folate users was observed in that study.78 Taken together, these 
studies demonstrate that folate supplementation is unlikely to 
be of benefit as secondary prevention in patients with a his-
tory of colorectal adenomas, and may actually be detrimental. 
One hypothesis to explain these results is that folate plays a 
“dual-modulator” role. There may be a protective influence of 
moderate dietary increases initiated before the establishment 
of neoplastic foci, but a promoter effect on preestablished, 
clinically occult neoplastic foci. Early prevention is likely 
due to the protection against DNA damage by maintaining 
adequate methyl groups for DNA methylation and nucleotide 
synthesis. A possible mechanism underlying enhanced tumor 
growth is an increased provision of nucleotide precursors to 
rapidly replicating neoplastic cells.80,81

Consistent with this data, one recent observation suggests 
folate supplementation may actually increase the risk of 
CRC. Since 1996 and 1997, the US Food and Drug Admin-
istration (FDA) has required folate fortification of all flour 
and cereal grain products in the USA and Canada, respec-
tively,82 in an effort to reduce the incidence of neural tube 
defects. Concurrent with this mandate, a downward trend in 
CRC incidence seen in the USA and Canada during the early 
1990s began to reverse with marked increases seen between 
1997 and 1998.83 While this observation clearly does not 
establish a causal relationship, it is a provocative finding and 
underscores the fact that the relationship between folate and 
CRC deserves further study.

Alcohol

Alcohol ingestion has a possible role in colorectal carcino-
genesis. Alcohol may alter folate absorption, increasing 
CRC through the reduction of folate bioavailability. Acet-
aldehyde, a product of alcohol metabolism may have a role, 
and alcohol may also contribute to abnormal DNA methyla-
tion directly. A meta-analysis of five follow-up studies and 
22 case-control studies published in 199084 demonstrated 
only a weak association between alcohol and CRC, although 
the effect was stronger when only rectal cancer was consid-
ered. Two more recent meta-analyses of 1685 and 5 cohort 
studies86 demonstrate a strong association between alcohol 
consumption and development of CRC. In the first, high 

alcohol intake was significantly associated with an increased 
risk of colon (RR = 1.50; 95% CI, 1.25–1.79) and rectal can-
cer (RR = 1.63; 95% CI, 1.35–1.97), corresponding to a 15% 
increase of colon or rectal cancer for an increase of 100 g of 
alcohol intake per week.85 In the second, increasing consump-
tion of alcohol was significantly correlated with an increased 
risk of CRC in men and women (RR = 2.96; 95% CI, 2.27–
3.86 for consumption ³92 g/day in men).86 The EPIC trial, 
a prospective cohort trial involving 478,732 subjects, looked 
at both baseline and lifetime intake of alcohol as risk factors. 
Lifetime alcohol intake was significantly correlated with 
increased CRC risk (RR = 1.08; 95% CI, 1.04–1.12 for 15 g/
day increase). Similar results were obtained when only base-
line alcohol consumption was considered.87

The findings of an association with alcohol intake are con-
sistent, and there are no studies that demonstrate a protective 
effect of higher alcohol consumption. Thus, the totality of 
the evidence indicates that a high level of alcohol intake (two 
or more drinks per day) is associated with an increased risk 
of CRC.

Of note, higher intake of a Western-style diet (high intake 
of meat, fat, refined grains, and dessert) versus a prudent 
diet (high intake of fruits and vegetables, poultry, and fish) 
has been associated with an increased risk of recurrence and 
mortality in patients with Stage III colon cancer treated with 
surgery and adjuvant chemotherapy.88 In a prospective cohort 
study involving 1,009 Stage III CRC patients enrolled in a 
randomized adjuvant chemotherapy trial, food frequency 
questionnaires were administered during and for 6 months 
after adjuvant chemotherapy. At a median follow-up of 5.3 
years, patients in the highest quintile of Western dietary 
intake had a significantly worse disease-free (adjusted haz-
ard ratio (AHR) 3.25; 95% CI, 2.04–5.19) and overall sur-
vival (AHR 2.32; 95% CI, 1.36–3.96) compared to those in 
the lowest quintile of Western dietary pattern.

Aspirin and Nonsteroidal  
Anti-inflammatory Drugs

There is considerable observational evidence that the use 
of aspirin or other nonsteroidal anti-inflammatory drugs 
(NSAIDs) has protective effects at all stages of colorectal 
carcinogenesis (aberrant crypt foci, adenoma, carcinoma, 
and death from CRC).67 The mechanism of antineoplas-
tic action of NSAIDs is incompletely understood, but it is 
believed that both cyclooxygenase (COX)-dependent and 
COX-independent pathways may be involved.

At least 30 observational studies have been conducted 
to evaluate the influence of NSAID (primarily aspirin)  
use on the development of CRC and colorectal adenoma. 
A consistent reduction in the risk of colorectal neoplasia 
in NSAID users is identified in these studies of various 
design.67 In a pooled analysis of studies evaluating the effect 
on colorectal adenoma, the summary risk ratio for colorec-
tal adenoma in aspirin users was 0.7 and in NSAID users 
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was 0.6, indicating a statistically significant reduction of the 
risk in aspirin and NSAID users.89 In the pooled analysis of 
the effect of aspirin and NSAIDs on CRC risk, the results 
were virtually the same.90 Overall, the data evaluating the 
effect of nonaspirin NSAIDs is more limited than that for 
aspirin.

A number of intervention studies have been conducted, 
and a Cochrane review of the results of the randomized, con-
trolled intervention trials has been published.91 The authors 
of this meta-analysis reviewed one population-based preven-
tion trial (including 22,071 people),92 three secondary preven-
tion trials in patients with sporadic polyps (including 2,028 
patients),93–95 and four trials in 150 patients with familial ade-
nomatous polyposis.96–99 The authors conclude based on data 
from these high quality trials that there is some  evidence for 
the effectiveness of intervention strategies using NSAIDs for 
the prevention of colorectal adenoma. However, the single 
primary prevention trial reviewed92 did not demonstrate a 
decreased incidence of CRC in the intervention group. Sub-
sequent primary prevention trials also did not  demonstrate 
efficacy,100,101 leading to a recommendation by the US 
 Preventive Services Task Force against aspirin/NSAID use 
for primary CRC prevention in average-risk individuals.102 
However, a recent pooled analysis of two large randomized 
trials from the UK with over 20 years of follow-up revealed a 
statistically significant reduction in CRC incidence in aspirin 
users (RR = 0.63; 95% CI, 0.47–0.85, P = 0.002, if allocated 
to aspirin for 5 years or more), but only after a latency period 
of 10 years or longer.103

NSAIDs and aspirin may play an important role in sec-
ondary chemoprevention of colorectal adenomas and cancer. 
Recently, Logan et al.78 reported a randomized, double-blind 
trial of aspirin and folate in the prevention of recurrent col-
orectal adenomas. Patients randomized to aspirin 300 mg/day 
had a significantly reduced risk of recurrent adenoma com-
pared to the placebo group (RR = 0.79; 95% CI, 0.63–0.99).7 
Baron et al.104 randomized 2,587 to either the COX-2 inhibi-
tor rofecoxib 25 mg/day versus placebo. Adenoma recur-
rence was less frequent for rofecoxib subjects than for those 
randomized to placebo (41% vs. 55%; P < 0.0001; RR = 0.76; 
95% CI, 0.69–0.83).104 Other recent studies have evaluated 
the role of COX-2 inhibitors in the prevention of CRC.105,106

Prolonged use of NSAIDs may have additional benefits. 
Long-term follow-up of the Aspirin/Folate Polyp Prevention 
Study revealed that patients who used regular NSAIDs in the 
four years following the study intervention (3 years of 81 mg 
aspirin/day) had a persistent reduction in the development 
of adenoma versus patients who were infrequent poststudy 
NSAID users (RR = 0.62; 95% CI, 0.39–0.98).107 In addi-
tion, regular aspirin use may result in lower cancer-specific 
mortality in patients with a history of CRC. In a prospec-
tive cohort study involving 1,279 patients previously treated 
for Stage I–III colorectal cancer, regular aspirin users had a 
significantly reduced risk of CRC-specific mortality versus 
nonusers (RR = 0.71; 95% CI, 0.53–0.95).108

Because chemopreventive agents must be used in the 
general population to substantially reduce the burden of dis-
ease, the risks of chemoprophylaxis with aspirin or NSAIDs 
may outweigh the benefits. Serious GI complications occur 
in regular users of aspirin and NSAIDs. Although events 
are rare, hospitalizations for gastrointestinal complications 
occur in 7–13 per 1,000 chronic users of NSAIDS per year.109 
In addition, there are potential cardiotoxic effects of COX-2 
inhibitors and thus their use in chemoprevention cannot be 
supported.110 A number of authors have evaluated the cost-
effectiveness of chemoprevention of CRC with NSAIDs111 or 
COX-2 inhibitors112 and found that chemoprophylaxis with 
these compounds is not cost-effective.

Hormone Replacement Therapy

Observational studies have demonstrated an association 
between hormone replacement therapy (HRT) in women and 
a reduction in both incidence and mortality from CRC. Pos-
sible mechanisms for the effect of HRT include a  reduction 
in bile acid secretion (a potential promoter or initiator of 
CRC), as well as estrogen effects on colonic epithelium, both 
directly and through alterations in insulin-like growth factor 
with the use of estrogens. A meta-analysis of 18 observa-
tional studies of postmenopausal HRT demonstrated a 20% 
reduction in incidence of CRC in women who had taken 
HRT as compared to those that had never taken HRT.113 The 
Women’s Health Initiative was a randomized trial of estrogen 
plus progestin in 16,608 postmenopausal women. The study 
was discontinued early, as after a mean of 5.2 years of fol-
low-up, it was determined that the relative risk of breast can-
cer in the treatment group exceeded the predefined stopping 
boundary and the overall risk of adverse outcomes exceeded 
the benefits.114 At that time, there appeared to be a protective 
effect of HRT on the incidence of CRC. With further follow-
up, a total of 122 cases of CRC developed in this cohort115  
43 cases in the group receiving HRT and 72 cases in the group 
receiving placebo, indicating that relatively short-term HRT 
was associated with a significantly decreased risk of CRC. In 
a recent case-control study of 2,648 patients with CRC and 
2,566 controls self-reported the use of HRT was associated 
with a 63% relative reduction in the risk of CRC (RR = 0.67; 
95% CI, 0.51–0.89). Similar to prior studies,116 a significant 
effect was seen only in women who used combined estrogen–
progestin combinations, and not in users of estrogen-only 
preparations.117 Others, however, have reported a protective 
effect of HRT regardless of the preparation used.118 Post-
menopausal HRT has also been associated with a decreased 
incidence of colorectal adenomas119 and improved colorectal 
cancer-specific and overall survival (with the initiation of 
estrogen therapy within 5 years of diagnosis of CRC).120

Overall, there appears to be a consistent reduction in the 
risk of CRC with the use of HRT. However, given the poten-
tial adverse effect of HRT, this should not be used as a pri-
mary preventive strategy for CRC.121
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Obesity

Obesity appears to increase the risk of colon cancer in men 
and premenopausal women. Case-control studies122,123 and 
cohort studies124–126 have demonstrated a strong association 
between a high body mass index (BMI) and incidence of 
CRC, with an up to twofold increased risk of CRC found in 
the obese. A more accurate predictor than BMI may be the 
waist-hip ratio, a measure of abdominal obesity. A recent 
meta-analysis of 30 prospective studies revealed an increas-
ing risk of colon cancer with increasing waist-hip ratio (per 
0.1 unit) in men (RR = 1.43; 95% CI, 1.19–1.71) and women 
(RR = 1.20; 95% CI, 1.08–1.33).127 One of the proposed 
mechanisms for the association is the relative insulin resis-
tance found in many obese patients. Insulin resistance results 
in hyperinsulinemia and increased activity of Insulin Growth 
Factor (IGF) peptides. High IGF-1 levels are associated with 
cell proliferation124 and may increase the risk of colonic neo-
plasia. In the past, most studies have  demonstrated a stronger 
association between obesity and CRC risk in men than in 
women.127,128 More recent evidence has demonstrated that in 
women, the association between obesity and CRC risk may 
be modified by estrogen. A number of observational stud-
ies have demonstrated an increased risk of CRC in obese 
women; however, the association was limited to premeno-
pausal women.125,129 In postmenopausal women, the increased 
estrogen production associated with obesity was thought to 
mitigate the risk. Of note, not all studies have confirmed this 
relationship.124,130,131

Obesity is also a risk factor for the development of col-
orectal adenomas, although like the risk of CRC, the effect 
appears to be stronger in men than in women.132,133 In a 
pooled analysis of six prospective trials involving 8,213 par-
ticipants, obesity was statistically significantly associated 
with the risk of metachronous adenoma in men (OR = 1.36; 
95% CI, 1.17–1.58) but not in women (OR = 1.10; 95% CI, 
0.89–1.37).133 In men, obesity may also be associated with a 
shortened interval for the development of metachronous ade-
nomas, as well as a higher incidence of advanced adenomas, 
particularly with a positive family history.134

Physical Activity

Over 50 studies have been conducted to evaluate the influ-
ence of physical activity on CRC risk. Overall, the literature 
is relatively consistent with respect to the effect: Greater 
physical activity (occupational, recreational, or total activ-
ity) is associated with a reduced risk of CRC. The effect 
is relatively small; the estimated increased risk of colon 
cancer in the sedentary ranges from 1.6 to 2.0. (Of note, 
this compares to the increased risk of heart disease due to 
a sedentary lifestyle of 1.3–1.4).135 The effect of physical 
activity on colon cancer is consistent in both case-control 
studies and cohort studies.136 A meta-analysis of 19 cohort 
studies and 28 case-control studies revealed a protective 

effect against colon cancer in physically active males 
(RR = 0.78; 95% CI, 0.68–0.91) and females (RR = 0.71, 
95% CI, 0.57–0.88).137 A recent prospective cohort study 
involving 488,720 participants revealed that men who par-
ticipated in exercise/sports five or more times a week, com-
pared to rarely or never, had a relative risk of colon cancer 
of 0.79 (95% CI, 0.68–0.91, P = 0.001), corresponding to 
a 21% risk reduction. In women, there was a trend toward 
a protective effect (RR = 0.85, P = 00.376).135 Sedentary 
behavior (time spent watching television/videos, ³9 h/day) 
was positively correlated with colon cancer (RR = 1.61, 95% 
CI, 1.14–2.27, P < 0.001) in men.135 The effect of physi-
cal activity on the risk of rectal cancer is somewhat less 
consistent; some studies demonstrate no effect,137,138 and in 
studies that do demonstrate an effect, it is weaker.135 In the 
NIH-AARP study, there was a nonsignificant trend toward 
protection from rectal cancer in men (RR = 0.76, P = 0.07), 
but no protective effect in women (RR = 0.95, P = 0.23).135 
The amount of physical activity required to have an effect 
is substantial – risk  reduction is estimated to occur with 
3.5–4 h of vigorous activity  (running) per week but requires 
7–35 h of moderate activity (walking at a brisk pace) per 
week.135,136

The biological mechanisms that explain the relationship 
between physical activity and CRC risk are unclear. Increased 
physical activity leads to changes in insulin sensitivity and 
IGF levels, and both insulin and IGF are potentially involved 
with colorectal carcinogenesis.139,140 Additional proposed 
mechanisms include effects of physical activity on prosta-
glandin synthesis, effects on antitumor immune defenses, 
and the reduction in percent body fat associated with exer-
cise.141 The mechanism is almost certainly multifactorial. 
Nonetheless, for a host of health-related reasons, frequent 
moderate to vigorous physical activity can be recommended 
to most patients without hesitation.

Smoking

Consistent with a 35–40 year time lag between exposure 
and induction of cancer, early studies did not demonstrate 
an association between cigarette smoking and colorectal neo-
plasia. More recent studies are more consistently positive.  
In a review of the literature conducted in 2001,142 21 of 22 
studies evaluating the relationship between cigarette smok-
ing and colorectal adenoma were positive, smokers dem-
onstrating a two to threefold elevation of adenoma risk as 
compared with nonsmokers. Twenty-seven epidemiologic 
studies that demonstrate an association between tobacco 
and the risk of CRC have been conducted.142 Of studies in 
the USA conducted after 1970 in men, and 1990 in women 
(studies with adequate induction time – 35 to 40 years after 
smoking became common), most demonstrate an association 
between heavy smoking and increased CRC risk. The major-
ity of studies demonstrate an effect at relatively high levels of 
smoking (20 or more cigarettes per day). A recently reported 
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pooled analysis of the Women’s Health Initiative study 
involving 146,877 women revealed a significant association 
between cigarette smoking and the risk of CRC overall, but 
this association was found only for rectal cancer (RR = 1.95; 
95% CI, 1.10–3.47) and not colon cancer (RR = 1.03; 95% CI, 
0.77–1.38).143 A meta-analysis of 106 studies revealed a posi-
tive dose-response relationship between increasing cigarette 
consumption and CRC risk. The risk increased by 7.8% for 
every additional 10 cigarettes per day or by 4.4% for every 
additional 10 pack-years. The incidence of CRC was 65.5 per 
100,000 in smokers and 54.7 per 100,000 in nonsmokers.144

Smoking may modify the effect of micronutrients on CRC 
risk. A recent case-control study revealed a strong protec-
tive effect of several dietary carotenoids found in fruits and 
vegetables, including beta-carotene, on the development 
of CRC. However, this protective effect was attenuated, 
or in some cases reversed, in heavy smokers.145 Similarly, 
the inverse association found between fruit and vegetable 
consumption and CRC risk in the EPIC trial for never and 
former smokers was reversed in current smokers.41 Another 
case-control study utilizing a case-unaffected sibling design 
involving 2,248 siblings did not reveal a positive associa-
tion between cigarette smoking and CRC overall, but an 
association between increasing duration of smoking and 
microsatellite instability-high (MSI-H) tumors was observed 
(RR = 1.94; 95% CI, 1.09–3.46 for smoking >30 years vs. 
nonsmokers).146 There are a number of possible explanations 
for these findings; cigarette smoke may generate replication 
errors, overwhelming the DNA mismatch repair (MMR) 
mechanism, or may affect MMR directly.

Cholecystectomy

Abnormal bile acid metabolism may predispose both to CRC 
and cholelithiasis. After cholecystectomy, increased quanti-
ties of secondary bile acids have been detected in the feces and 
may have a role in colonic carcinogenesis. Studies in this area 
are difficult, as dietary and lifestyle factors related to chole-
lithiasis may confound the relationship between gallbladder 
disease and CRC risk. A meta-analysis of studies evaluat-
ing the effect of cholecystectomy on CRC risk published in 
1993147 demonstrated conflicting results. Analysis of the 33 
case-control studies generated a pooled relative risk of CRC 
after cholecystectomy of 1.34 (95% CI, 1.14–1.57), limited to 
the proximal colon. However, no significant effect was found 
when the results of six cohort studies were evaluated.

In a long-term follow-up study of 278,460 patients after 
cholecystectomy followed for up to 33 years,148 a sig-
nificantly increased risk of small bowel malignancies and 
proximal colonic malignancies was found as compared to 
the general population. No association was found with 
more distal bowel cancer. In another study using data from 
the Nurses’ Health Study, a significant positive association 
between cholecystectomy and the risk of CRC was found 

(RR = 1.21; 95% CI, 1.01–1.46 after adjusting for important 
CRC risk factors, including diet, family history, calcium 
intake, BMI, and the use of HRT). In this study, the risk of 
CRC after cholecystectomy was elevated both for proximal 
bowel and rectal cancers.149 A more recent retrospective 
cohort study comparing 55,960 cholecystectomy patients 
to 574,668 control patients found an increased risk of colon 
cancer (RR = 1.51) but not rectal cancer (RR = 1.00) follow-
ing cholecystectomy.150 Other large studies have found no 
association between cholecystectomy and CRC.151,152

Prior cholecystectomy does not seem to affect the risk 
of adenoma formation. In the Nurses’ Health Study,149 no 
elevation in the risk of colorectal adenoma was identified in 
those patients having had a cholecystectomy. Similarly, in a 
study involving data from three large randomized adenoma 
chemoprevention trials, no increased risk for adenomas was 
observed for patients who had undergone cholecystectomy 
(RR = 1.02; 95% CI, 0.88–1.18).153 In summary, prior chole-
cystectomy does not appear to be a risk factor for adenoma 
formation. The association with CRC is inconsistent, but 
seems to be strongest for cancer of the proximal colon.

Inflammatory Bowel Disease

Patients with long-standing inflammatory bowel disease 
(IBD) are known to be at an elevated risk of CRC, although 
it is difficult to precisely estimate the risk. The magnitude 
of the risk has been studied extensively in ulcerative coli-
tis (UC); however, rates vary between studies, particularly 
those performed in referral centers versus population-based 
studies. In addition, treatment and surveillance may influ-
ence the risk and thus more recent studies may have a lower 
risk than studies conducted before surveillance was com-
mon. A meta-analysis of 116 studies evaluating the risk of 
CRC in UC patients found the overall prevalence of CRC 
in UC patients was 3.7% (95% CI, 3.2–4.2%). In 19 of the 
studies reviewed, the duration of colitis was reported by 
decade. In the first 10 years, after the onset of colitis the 
incidence rate of CRC was 2/1,000 per year of disease, for 
the second decade the incidence rate of CRC was estimated 
to be 7/1,000 per year of disease, and in the third decade 
the incidence rate of CRC was 12/1,000 per year of disease. 
This corresponds to a cumulative probability of CRC of 2% 
after 10 years of disease, 8% after 20 years, and 18% after 
30 years. The risk of CRC varied geographically and was 
higher in studies conducted in the USA. The meta-analysis 
did not evaluate the extent of disease (pancolitis vs. left-
sided disease vs. proctitis).154

These findings are not universal; however, two recent pop-
ulation-based studies from Denmark and the Mayo Clinic 
failed to demonstrate any increased risk of CRC in ulcerative 
colitis patients.155,156 In the Mayo Clinic study, based on 378 
ulcerative colitis patients from Olmsted County, Minnesota, 
six cases of CRC were observed versus 5.38 expected based 
on SEER data (standardized incidence ratio (SIR) = 1.1; 95% 
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CI, 0.4–2.4). However, the risk of CRC was increased in the 
subset of patients with extensive colitis (SIR = 2.4; 95% CI, 
0.6–6.0). Similar results were found in a cohort of 1,160 
ulcerative colitis patients in Copenhagen, Denmark followed 
a median of 19 years. The observed number of CRC cases 
was almost identical to the expected number (13 vs. 12.42, 
SIR = 1.05; 95% CI, 0.56–1.79).

The extent of disease does appear to have a significant 
influence on CRC risk in UC. In a Swedish population-based 
cohort of 3,117 patients with UC,157 less extensive disease 
was associated with a lesser risk of CRC. As a ratio of the 
observed to expected incidence, the increased risk of CRC in 
this cohort was 1.7 for those with ulcerative proctitis (95% 
CI, 0.8–3.2); 2.8 for those with left-sided colitis (95% CI, 
1.6–4.4); and 14.8 for those with pancolitis (95% CI, 11.4–
18.9). Other studies have supported these findings.158

Other factors that may modify the risk of CRC in patients 
with UC include the coexistence of primary sclerosing col-
angitis (PSC),159 presence of inflammatory pseudopolyps,160 
and severity of inflammation.161 For patients with long-
 standing, extensive UC, colectomy is an effective strategy for 
the prevention of CRC. Other strategies include endoscopic 
surveillance for dysplasia and/or the use of chemopreventive 
agents. Although the efficacy of endoscopic  surveillance has 
not been definitively proven in a randomized trial, a recent 
Cochrane review found that although there was no direct 
evidence of prolonged survival, patients with UC in surveil-
lance programs tended to have cancers diagnosed earlier 
with a correspondingly improved prognosis.162 Despite a 
lack of definitive evidence, endoscopic surveillance is com-
monly performed in patients with pancolitis for more than 10 
years duration who wish to avoid colectomy. There is some 
evidence that chemoprevention of CRC in patients with UC 
may be possible. 5-ASA products may decrease the rate of 
dysplasia in patients with UC.163 Other agents include folate, 
calcium, and in patients with primary sclerosing cholangitis, 
Ursodiol.163

The relationship between Crohn’s disease and the devel-
opment of CRC has been less consistently demonstrated. In 
studies using data from referral-based practices, the risk of 
development of CRC appears to be significantly increased 
in patients with extensive Crohn’s colitis.158 The magnitude 
of increased risk appears similar to that of UC.164 However, 
in population-based studies, particularly those more recently 
published, a less dramatic effect is seen. In a Canadian pop-
ulation-based cohort study, the risk of CRC in 2,857 patients 
with Crohn’s disease was compared to a randomly selected 
group of controls matched 10:1 for age, sex, and geographic 
location. Patients with Crohn’s disease were found to have an 
elevated risk of colon cancer (incidence rate ratio (IRR) = 2.6; 
95% CI, 1.69–4.12) but not rectal cancer (IRR = 1.08; 95% 
CI, 0.43–2.70). Patients with Crohn’s disease also had an 
elevated risk of cancer of the small intestine (IRR = 17.4; 
95% CI, 4.16–72.9), and lymphoma (IRR = 2.40; 95% CI, 
1.17–4.97). Some of these results are similar to those from 

a population-based study in Denmark of 2,645 patients 
hospitalized for Crohn’s disease165 and followed for up to 17 
years. The rate of CRC in this group was not substantially 
higher than the expected rate of CRC in the Danish popula-
tion; the SIR for CRC was 1.1 (95% CI, 0.6–1.9). However, 
similar to the Canadian study, the risk of small intestinal 
cancer was increased 18-fold in the Crohn’s disease group. 
In a more recently reported population-based study from  
Olmsted County, Minnesota, a moderately increased risk of 
CRC SIR = 1.9; 95% CI, 0.7–4.1) was reported for patients 
with Crohn’s disease. Similar to the other studies, patients 
with Crohn’s disease had a 40-fold increased risk for small 
intestinal cancer.155 In summary, it appears that the risk of 
CRC in patients with Crohn’s disease is elevated, but the 
exact magnitude of increased risk remains unclear and 
requires further investigation.

Family History

Individuals with a family history of CRC are at an increased 
risk of themselves developing CRC. In a recent meta-analysis 
involving 59 studies, the relative risk of developing CRC with 
one affected first-degree relative was 2.24 (95% CI, 2.06–2.43) 
and 3.97 if more than two first-degree relatives were affected.166 
This corresponds to a pooled lifetime risk of a 50-year-old of 
1.8% with no family history, 3.4% with one affected first-
degree relative, and 6.9% with two or more first-degree rela-
tives. The clustering of risk in families may be attributed to an 
inherited susceptibility, common environmental exposures, or 
a combination of both. The influence of a more distant fam-
ily history of CRC on individual risk has not been determined 
with certainty.

Some of the increased risk attributed to family history is 
due to inheritance of known susceptibility genes, such as 
mutations in the APC gene, p53 gene, or in MMR genes, 
particularly MSH2, MLH1, and MSH6;167 these are discussed 
in detail elsewhere in this text. Importantly, the majority of 
cases of CRC cannot be attributed to known genetic defects 
even when associated with a family history of CRC as recog-
nized genetic syndromes account for only a small proportion 
of all cases of CRC. Additional autosomal dominant genetic 
defects conferring a high risk of CRC almost certainly is 
found; however, at least some of the increased risk of CRC 
associated with a family history is likely attributable to other 
genetic factors, such as recessive susceptibility genes, auto-
somal dominant genes with low penetrance, or complex 
interactions between an individual’s genetic makeup and 
environmental factors.

Despite the importance of family history on the risk of 
CRC, up to 25% of individuals with a first-degree relative 
with confirmed CRC do not report having such a family his-
tory,168 and even those that do report a history may not be 
aware of the increased risk associated with this.169 This has 
important implications for the assessment of family history 
as well as patient and family counseling.
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Other Risk Factors

Radiation

Cases of rectal carcinoma have been reported in individuals 
who have undergone radiation for pelvic malignancies, pri-
marily cervical cancer170 and prostate cancer.171 Close obser-
vation may be required for survivors of childhood pelvic 
tumors treated with radiation therapy, as secondary colorec-
tal malignancies may develop decades later.172 Because rectal 
cancer is relatively common, these cases may represent spo-
radic rectal cancers developing after long-term survival from 
other pelvic malignancies. However, the cancers occur in the 
radiated field, tend to be associated with radiation changes 
to the adjacent rectal mucosa and are more likely to be of 
mucinous histology173 than typical sporadic cancers, thereby 
strengthening the likelihood of a causal association. Never-
theless, the vast majority of individuals undergoing radiation 
for pelvic malignancies do not develop rectal cancer.

Ureterosigmoidostomy

Formation of a ureterosigmoidostomy has been associated 
with an increased risk of carcinoma in the area of the ureter-
sigmoid anastomosis. It is difficult to estimate the increase in 
the risk of colon cancer due to ureterosigmoidostomy – many 
were fashioned for malignant diseases that may themselves 
be associated with an increased risk of colon cancer, never-
theless the risk appears to be high. The estimated increase 
ranges from 100 to 7,000 times the risk in the normal popula-
tion174 and up to 24% of patients with a ureterosigmoidostomy 
develops neoplasia at the anastomosis.175 The average latency 
period from the formation of the ureterosigmoidostomy to 
the development of malignancy is 26 years.175 Patients who 
have undergone conversion to another form of urinary diver-
sion remain at the risk of neoplasia if the ureterosigmoid 
anastomoses were not resected in their entirety. Although the 
cause of this dramatic increased risk in not known, it appears 
to require the exposure of colonic mucosa to the mixture of 
urine and feces174 with conversion of urinary nitrates into 
N-nitroso compounds by colonic bacteria.

Fortunately, with a number of options for urinary diver-
sion, this procedure is now rarely performed. Those living 
with a functional ureterosigmoidostomy should be counseled 
regarding their heightened risk and undergo regular sigmoi-
doscopic or colonoscopic surveillance.174,175

Acromegaly

Acromegaly, a rare endocrine syndrome resulting from the 
secretion of excess growth hormone from a pituitary neo-
plasm has been found to be associated with an increased 
risk of CRC in a number of studies.176,177 The magnitude 
of the risk is unclear, with reports ranging from nonsignifi-
cant increases in the risk to a relative risk of 18.3.177–179 In 
a population-based cohort study performed in Sweden and 
Denmark, the standardized incidence ratio of colon cancer in 

patients with acromegaly as compared to the general popu-
lation was 2.6 (95% CI, 1.6–2.7).176 In a more recent meta-
analysis, the pooled odds ratio for the development of colon 
cancer was 4.35 (95% CI, 1.5–12.4)179 Patients treated with 
growth hormone have been shown to have an increased inci-
dence of and mortality from CRC.180 Furthermore, patients 
with acromegaly have elevated levels of circulating IGF-1, 
and this may be partly responsible for the increased risk of 
colorectal neoplasia identified in these patients.181 Patients 
with acromegaly also have an increased incidence of ade-
nomatous polyps.178,182

Molecular Basis

All cancer has a genetic basis. Carcinogenesis is a multistep 
process, requiring an accumulation of inherited and acquired 
genetic alterations. With this succession of genetic altera-
tions, cells acquire a growth advantage over surrounding 
cells, and in a Darwinian-type process normal cells evolve 
into cancer cells.183 In normal cells, growth and replication is 
a highly regulated process, and disruption of this regulation 
at multiple levels is required for clinically relevant cancer to 
develop. Defects in genes that code for important proteins 
in the regulation of the cell cycle appear to be critical for 
carcinogenesis. Hanahan and Wienberg183 have described 
the following six alterations in regulatory mechanisms that 
appear constant in most cancers from the several hundred 
genetic mutations that have been identified in cancer cells 
Figure 38-4.
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Figure 38-4. Alterations in regulatory mechanisms important for 
carcinogenesis.
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Self-Sufficiency in Growth Signals

Ordinarily, cells must receive growth signals to actively pro-
liferate, assuring that cellular proliferation occurs only when 
necessary to maintain homeostasis. To proliferate autono-
mously, cancer cells must lose this need for exogenous 
growth signal.

1. Insensitivity to antigrowth signals.
 Normally, there are numerous growth-inhibitory signals 

that function within a cell to maintain the cell in a quiescent 
and/or differentiated state. Cells with neoplastic potential 
must develop mechanisms to evade these antigrowth sig-
nals, enabling proliferation and dedifferentiation.

2. Evading Apoptosis
 Development of cancer requires not only a loss of control 

over cellular proliferation, but also a loss of control over 
programed cell death (apoptosis). Apoptosis normally 
occurs in response to the cellular environment and is likely 
a major mechanism whereby cells that have acquired sig-
nificant genetic mutations are destroyed. Tumor cells must 
circumvent apoptosis (either at a regulatory level or at an 
effector level) to continue to develop and proliferate.

3. Limitless Replicative Potential
 Many cells are able to replicate only a finite number of 

times, thereby preventing clonal expansion of any given 
cell. Even after acquiring independence from normal sig-
nals for cellular growth and death to develop into clini-
cally significant cancer, cancer cells must gain unlimited 
capacity for replication. Intrinsic limits to proliferation 
must be evaded.

4. Sustained Angiogenesis
 Virtually, all cells must reside within 100 mm of a capil-

lary capable of delivering to the cell oxygen and nutrients 
required for functioning. Angiogenesis in normal tissue is 
closely regulated, and balancing of inducers and inhibitors 
of angiogenesis is an essential component of homeostasis. 
For neoplastic cells to develop into clinically significant 
cancer, they must develop the ability to circumvent these 
homeostatic mechanisms and provide an adequate blood 
supply required for ongoing growth.

5. Development of Ability to Invade and Metastasize
 For cancer cells to develop the ability to invade other 

 tissue and metastasize, a number of changes must occur. 
Normally, cells in tissue adhere to each other. A loss of 
this normal cell to cell adhesion must occur in the cancer 
microenvironment to permit metastasis to occur. In addi-
tion, the cancer cells must develop methods of modifying 
new environments to support continued growth.

Although all six alterations in cell regulation are required for 
the development of clinically significant cancer, the sequence 
of events and mechanisms are variable. The sequence of 
genetic mutations (or alterations) is less important than the 

accumulation of mutations, although some mutations tend to 
occur early in the neoplastic process and are termed initiators, 
where as others tend to occur later and are termed promoters. 
In addition, certain genetic mutations (somatic or inherited) 
may be particularly critical and affect cell regulation in a 
number of important ways. Many such critical genes belong 
to two broad categories of genes involved in carcinogen-
esis; oncogenes and tumor suppressor genes. Additionally, 
caretaker genes that function to prevent the accumulation of 
somatic mutations are also critical to colorectal carcinogene-
sis. Abnormalities in caretaker genes greatly increase the risk 
of cancer development, independent of environmental influ-
ence. Of note, although the role of genes in carcinogenesis 
is described, in reality it is the protein products of the genes 
that are directly involved in changes in cell regulation.

Mutations in oncogenes result in an abnormal gain or 
excess of a particular protein function. An oncogene prod-
uct when expressed in a given cell (or when the product 
is expressed at the wrong time in the cell cycle, expressed 
with an enhanced function, or expressed in larger quanti-
ties than normally present) contributes to the development 
of critical alterations in the mechanisms of cell regulation. 
Mutations causing such expression behave in a dominant 
fashion, i.e., mutation of only one of the two alleles present 
is required to produce activation and phenotypic expression 
and promote carcinogenesis.

The ras oncogene is the most frequently mutated oncogene 
identified in colorectal cancers. The K-ras proto-oncogene, 
located on the short arm of chromosome 12 (12p) is mutated 
in approximately half of all CRC.184 The K-ras gene product 
appears to be involved in the transduction of exogenous growth 
signals. Point mutations in the K-ras gene lead to a function 
gain, conferring a growth advantage to the cells. Patients with 
mutant K-ras may have a poor response to the chemothera-
peutic agent erbitiux.185 Other oncogenes that are frequently 
identified in sporadic CRC include c-myc and c-erbB2.186

Tumor suppressor genes normally inhibit cellular prolif-
eration or promote apoptosis. When gene expression is lost, 
there is a loss of this normal inhibitory control of the cell 
cycle. In general, gene expression is lost only when both 
alleles of the gene are inactivated (Knudson’s 2-hit theory 
of carcinogenesis,187 Figure 38-5) either through inherited 
mutation, somatic mutations or both. There are a number 
of tumor suppressor genes that have been found to play an 
important role in CRC carcinogenesis, including the APC, 
DCC, p53, and MCC genes.

The APC gene, located on the long arm of chromosome 5 
(5q), is considered a gatekeeper gene of colorectal carcino-
genesis, as mutations in the APC gene appear to be initiators 
of disease. Mutations in the APC gene have been found in 
50% of sporadic adenomas and in 75% of sporadic cases of 
CRC.184 Familial Adenomatous Polyposis (FAP), discussed 
in detail elsewhere in this text, results from inheritance of 
a germ line mutation in the APC gene. Mutations involve 
base-pair mutations, insertions, or deletions that result in the 
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formation of a stop codon, halting protein synthesis leading 
to the formation of a truncated or shortened protein product 
that affects the function of the protein. The location of the 
germ-line mutation in the APC gene varies between  families 
with FAP, and results in the varying phenotypic expression 
of FAP found between families. Although only a single 
abnormal allele is inherited in FAP, sporadic mutations are 
always acquired resulting in the formation of hundreds to 
thousands of colonic adenomas and ultimately carcinoma. 
The APC protein normally regulates the Wnt (wingless sig-
naling pathway), an important pathway in cell regulation and 
development, through modulation of beta-catenin – a critical 
protein in the Wnt pathway. Normally, the protein product 
of the APC gene binds beta-catenin intracellularly forming 
a multiprotein complex that inhibits beta-catenin function.  
The increased functional levels of beta-catenin that result 
from alterations in APC protein product function leads to cell 
proliferation, and enhances cell-to-cell adhesion,  limiting 
cell migration. Thus, hyperproliferating cells accumulate 
and result in aberrant crypt foci, the earliest phase of col-
orectal neoplasia.188

The p53 gene, located on the short arm of chromosome 17 
(17p) is an important gatekeeper gene for carcinogenesis – 
it is the most commonly mutated gene in human cancers.189 
Normally, by slowing the cell cycle, p53 facilitates DNA 
repair during replication and when repair is not feasible, 
p53 induces apoptosis. Inactivation of p53 is found in up to 
75% of sporadic colorectal tumors,186 however, the mutation 
appears to occur late in the tumorigenic sequence. Thus, p53 
gene mutations do not appear to be initiators of carcinogen-
esis but act as key limiting factors for malignant transfor-
mation. This is supported by the finding that patients with 
Li Fraumeni syndrome (an inherited defect in p53) do not 

have an increased risk of CRC.190 In addition, p53 expression 
may be an independent prognostic marker in patients with 
CRC.191,192 Most studies demonstrate a lower survival rate 
in patients with advanced cancers that are p53 negative as 
compared to those whose tumors express p53 gene product, 
particularly in those who receive chemotherapy.193

The “deleted in colorectal cancer” (DCC) gene was iden-
tified on the long arm of chromosome 18 (18q) in 1989.194 
Mutations in this gene have been found in the majority of 
CRC. The gene product of DCC is a transmembrane protein 
that is important in cell–cell adhesion, and therefore inacti-
vation of DCC may enhance the metastatic potential of CRC 
through changes in adhesion. Similar to p53, patients who 
have DCC-positive tumors may have a better prognosis than 
those with DCC-negative (mutated) tumors.195

Located in close proximity to the DCC gene, mutations in 
a group of genes terms SMADs (SMAD2 and SMAD4) have 
been reported in colorectal cancers. The protein products 
of these genes are components of the transforming growth 
factor-b (TGF-b) signaling pathway, which mediates growth 
inhibitory signals from cell surface to nucleus.

Because millions of base-pairs must be replicated during 
mitosis, errors in DNA replication occur and must be cor-
rected by caretaker genes. The MMR system has a critical 
function in the detection and correction of errors in DNA 
replication, maintaining DNA integrity. MMR genes func-
tion as spell checkers – base-pair mismatches are identi-
fied, excised, and the correct sequence is synthesized and 
replaced.196 Lack of MMR function results in an accumula-
tion of errors in DNA replication, increasing the probability 
that a mutation in an important gene in cell regulation occurs 
and carcinogenesis is thus initiated or promoted. Defects in 
the MMR system are identified by the detection of microsat-
ellite instability. Microsatellites are small regions of DNA 
located throughout the genome that do not code for indi-
vidual genes. They consist of small base sequences that are 
repeated in a highly polymorphic fashion – the number of 
repeats may range from dozens to hundreds and the number 
of repeats varies from allele to allele, and from individual 
to individual. Microsatellites are particularly susceptible to 
MMR gene defects, thus in cases of CRC due to MMR gene 
mutations, microsatellite replication errors accumulate, lead-
ing to detectable differences in the pattern of microsatellites 
in the tumor and in normal tissue – this is termed microsatel-
lite instability (MSI). When testing CRC for MSI, laborato-
ries evaluate a number of microsatellite loci. The National 
Cancer Institute recommends the testing of five microsat-
ellite sequences197 to determine the MSI status of a tumor. 
If two or more of the five sequences demonstrate MSI, the 
tumor is designated MSI-high (MSI-H). If only one of the 
five sequences demonstrates changes in tumor microsatel-
lite markers, the tumor is designated MSI-low (MSI-L). If 
no markers are changed, the tumor is microsatellite stable. 
Approximately 15% of CRC demonstrate MSI.197 MSI-H 
tumors are more likely to be high-grade, right-sided,198 
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Figure 38-5. Loss of suppressor-gene function.
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mucinous, and have tumor infiltrating lymphocytes.199,200 
In addition, MSI tumors may have a better prognosis than 
microsatellite stable tumors,201 but may be less responsive to 
chemotherapy.202

A number of MMR genes (MLH1, MSH2, MSH3, MSH6, 
and PMS1) have been identified. Germ line mutations in 
the MLH1 and MSH2 genes are responsible for the majority 
(>90%)203,204 of cases of the Hereditary Nonpolyposis Col-
orectal Cancer (HNPCC) (discussed elsewhere in the text), 
while approximately 5–10% of HNPCC cases are due to 
mutations in the MSH6 gene. Germ line mutations in other 
MMR genes are rare. Similar to tumor suppressor genes, 
both alleles of an MMR gene must be mutated or inactivated 
for MMR function to be lost. These tumors are diploid and 
tend not to demonstrate gross chromosomal abnormalities. 
MMR defects in these tumors lead to genetic mutations in 
key cell regulator genes, particularly the TGF-b pathway. 
Sporadic tumors that demonstrate an MSI-H phenotype gen-
erally have a loss of MLH1 function, not due to mutation but 
due to aberrant methylation of the promoter region of the 
MLH1 gene (see below).205

MYH is an additional DNA repair gene specifically active 
for adenine–guanine mismatches.206 This gene has been found 
to be responsible for some cases of APC mutation-negative 
FAP. This defect is inherited in an autosomal recessive fash-
ion, i.e., defects must be inherited from both parents to result 
in phenotypic expression of the disease.207 Biallelic carri-
ers have a 53-fold increased risk of CRC with a cumulative 
risk by age 70 of 80%.208 Monoallelic carriers may also be 
at increased risk to develop CRC; relative risk estimates for 
monoallelic carriers have ranged between 1.4 to 3.0.208–211

In their landmark article, Vogelstein and Fearon212  
(Figure 38-6) described the pathogenesis of colon cancer as 
one that follows a predictable sequence of events, from ade-
noma to carcinoma, with histological changes developing as 
genetic mutations are acquired over time. Initially, a mutation 
in a gatekeeper gene such as APC occurs resulting in prolif-
eration of the colorectal mucosa and the initial histologically 
detectable event, the aberrant crypt focus. In aberrant crypt 
foci, the crypts have larger diameters than normal, stain more 
darkly with methylene blue,188 and can be detected in rats 
as soon as 2 weeks after carcinogen exposure.213 With addi-
tional genetic changes, cells within the aberrant crypt become 
dysplastic and an adenoma forms. Further genetic altera-
tions are acquired, resulting in an increase in the size of the 
adenoma. However, the majority of adenomas do not develop 
into carcinoma. Therefore, additional genetic alterations are 
required before the severity of dysplasia increases, and even-
tually, particularly with mutations in tumor promoters, such 
as p53, carcinoma develops. This pathway to  carcinogenesis 
is termed the chromosomal instability pathway. Tumors 
 forming through this pathway demonstrate extensive cytoge-
netic  abnormalities, such as aneuploidy, and visible chromo-
somal losses and gains.214 CRC most commonly demonstrates 
chromosomal instability, indicating this is the most common 
genetic cause of colorectal carcinogenesis.215

Although MSI-H tumors may arise from adenomas, there 
is increasing evidence that sporadic MSI-H tumors also arise 
from serrated lesions (hyperplastic polyps, serrated ade-
nomas, and sessile serrated adenomas).216–220 As only 70% 
of colorectal carcinomas are believed to arise from classic 
adenomas, serrated lesions may be the precursor lesion for 

Figure 38-6. The adenoma to carcinoma sequence of colorectal carcinogenesis.
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a substantial number of cancers.221 However, the risk associ-
ated with serrated lesions, in terms of progression to cancer, 
is unclear; it has been suggested that serrated polyps progress 
to cancer faster than do adenomas.222 This recently described 
pathway of colorectal carcinogenesis is believed to be initi-
ated by hypermethylation of the promoter region of various 
genes and is associated with increasing age.223 Methylation 
of cytosines in cytosine–guanosine dinucleotide repeats 
(termed CpG islands) results in the silencing of transcrip-
tion, without an actual change in the nucleotide sequence of 
the gene.224 Tumors exhibiting this phenomenon are referred 
to as CpG island methylator phenotype (CIMP).225 Although 
the MLH1 gene is often involved (resulting in sporadic, 
MSI-H CRC), it need not be, and thus approximately 50% of 
CIMP tumors do not exhibit microsatellite instability. Accu-
mulating evidence indicates that activating somatic muta-
tions in the BRAF gene may be responsible for promoter 
methylation.216,226 The MCC gene may also play a key role in 
this pathway.227,228

Hyperplastic polyposis (HPP) syndrome is characterized 
by multiple hyperplastic polyps and other serrated lesions 
and may be familial.229 There may be an autosomal recessive 
pattern of inheritance, and the familial HPP-serrated lesions 
show a similar frequency of CIMP and BRAF mutations 
compared to sporadic serrated polyps.230 Similarly, the “ser-
rated pathway syndrome” may arise from as of yet unrec-
ognized inherited mutations and shares phenotypic features 
with HNPCC.231

A relatively recent theory of carcinogenesis contends that 
subpopulations of CRC stem cells are primarily responsible for 
driving tumor growth.232 This hypothesis purports that not all 
cells within a tumor have the same proliferative or tumorigenic 
capabilities; nonstem cancer cells can neither self-renew nor 
propagate the tumor. Successful treatment of tumors, there-
fore, may depend on complete eradication of these “cancer-
initiating” stem cells. Colon cancer stem cells may be more 
resistant to chemotherapy233 and radiotherapy.234 A number of 
mechanisms may be responsible for this survival advantage, 
among them an ATP-binding cassette drug transporter that 
results in the extrusion of chemotherapy agents from the cell.233 
A number of markers have been described that may identify 
CRC stem cells, including CD133,235,236 Lgr5,237 Bmil,238, and 
CD44.239 It is likely that colon cancer stem cells arise from 
normal stem cells that have acquired mutations, (e.g., APC 
gene)240 and have lost their regulation of self-renewal. The 
existence of these colon cancer stem cells would have sig-
nificant implications for the management of CRC, including 
screening, surgical therapy, delivery of chemotherapy and 
radiotherapy, and targeted therapy such as gene therapy.239
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39
Colorectal Cancer: Screening
Jason F. Hall and Thomas E. Read

Cancer of the colon and rectum is the second leading cause 
of cancer-related death in the USA. In 2009, it was estimated 
that 147,000 Americans will be diagnosed with colorec-
tal cancer and 50,000 will die from this disease.1 Without 
undergoing screening or preventive action, approximately 1 
in every 17 people in this country will develop colorectal 
cancer at some point in life. There is clear evidence that 
colorectal adenocarcinoma can be prevented by detecting 
and removing adenomatous polyps and that detecting early 
stage cancers reduces mortality from the disease.2–9 Both 
polyps and early stage cancers are usually asymptomatic; 
cancers that have grown large enough to cause symptoms 
have a much worse prognosis. This contrast highlights the 
need for screening in asymptomatic persons.

The effectiveness of screening for colorectal cancer has 
been a subject of controversy. In 1995, the US Preventive 
Task Force reversed earlier position statements and endorsed 
screening of asymptomatic average-risk persons, using fecal 
occult blood testing and sigmoidoscopy.10,11 In 1996, the fed-
eral Agency for Health Care Policy and Research (AHCPR) 
convened a collaborative group of experts representing the 
American College of Gastroenterology, American Gastro-
enterological Association, American Society of Colon and 
Rectal Surgeons, American Society for Gastrointestinal 
Endoscopy, and Society of American Gastrointestinal Endo-
scopic Surgeons to critically evaluate the available evidence 
on colorectal cancer screening and to develop appropriate 
clinical practice guidelines.12 The panel studied 3,500 peer-
reviewed publications to assess the performance, effec-
tiveness, acceptability to patients, cost-effectiveness, and 
outcome of different screening examinations. The AHCPR 
guidelines13 were, in essence, endorsed by the American 
Cancer Society14 and were used to create the Practice Param-
eters for the Detection of Colorectal Neoplasms published by 
the Standards Committee of the American Society of Colon 
and Rectal Surgeons.15,16 The AHCPR guidelines provided 
the framework for colorectal cancer screening guidelines 
in the USA since they were published. The guidelines have 
been revised by various groups, including the US Preventive 

Task Force,9 based on new data, new technology and evolving 
expert opinion.

Most people will be of average risk and require screen-
ing for colorectal cancer and polyps beginning at age 50.  
A substantial number of people are at increased risk because 
of an inherited predisposition to the disease and need screen-
ing or treatment as early as puberty. By virtue of their prac-
tice, colon and rectal surgeons, gastroenterologists, and 
medical oncologists have contact with a large number of 
patients with colorectal carcinoma as well as at-risk family 
members. These specialists have the opportunity to guide the 
evaluation of at-risk persons and be advocates for appropri-
ate screening examinations.

Classification of Risk and Screening  
Recommendations

Making appropriate recommendations for screening of indi-
viduals depends on determining a patient’s risk of future 
development of colorectal cancer. The cornerstone of deter-
mining a patient’s risk for developing colorectal cancer is 
the family history. Failure to properly investigate a patient’s 
family history of colorectal neoplasia can lead to inappropri-
ate and inadequate treatment of both the patient and at-risk 
family members.

Average Risk

The majority of patients who develop colorectal cancer have 
no identifiable risk factors (Table 39-1). Persons considered 
to be at average risk for colorectal cancer do not fit any of 
the higher-risk categories. Specifically, average-risk persons 
have no symptoms associated with colorectal cancer, no per-
sonal history of colorectal cancer or adenomatous polyps, 
no family history of colorectal neoplasia, no inflammatory 
bowel disease, and no unexplained anemia.

In October 2008, the US Preventive Task Force recom-
mended that average-risk persons should undergo one of 
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the following screening regimens, beginning at age 50 and 
continuing until age 759 (Table 39-2):

1. High-sensitivity fecal occult blood testing (FOBT) annu-
ally.

2. Flexible sigmoidoscopy every 5 years with high-sensitiv-
ity FOBT every 3 years.

3. Colonoscopy every 10 years.

Additionally, the taskforce recommended against routine 
screening in adults age 76–85, leaving the decision to con-
tinuing screening in this age range to the patient and primary 
care physician. The US Preventive Task Force specifically 

recommended against screening for colorectal cancer in 
patients greater than 85 years. Although the panel stated that 
all of the screening strategies are acceptable, they empha-
sized that each technique has unique strengths and weak-
nesses.9

The American Cancer Society, the US Multi-Society 
Task Force on Colorectal Cancer, and the American Col-
lege of Radiology also recommended screening average-
risk persons beginning at age 50. However, these groups did 
not recommend against routine screening in persons older 
than 76 years. Screening recommendations included several 
options 7,17:

1. High-sensitivity FOBT or fecal immunochemical testing 
annually

2. Flexible sigmoidoscopy every 5 years
3. Double-contrast barium enema every 5 years
4. CT colonography every 5 years
5. Colonoscopy every 10 years
6. Fecal DNA testing (No interval specified).

In 2000, the American College of Gastroenterology pro-
posed guidelines that outlined a “preferred” strategy for 
colorectal cancer screening. These were updated in 2008.18 
This approach was proposed based on evidence that patient 
compliance increased when there is a “preferred” strategy 
rather than a “menu” of options.19 Preferred screening rec-
ommendations for average-risk persons beginning at age 
50 included (screening should begin at age 45 in black 
patients):

1. Colonoscopy every 10 years
2. Annual fecal immunochemical test (FIT) for blood.

Alternative prevention tests

1. Flexible sigmoidoscopy every 5–10 years
2. CT colonography every 5 years.

Alterative cancer detection tests

1. Annual Hemoccult Sensa
2. Fecal DNA testing every 3 years.

Fecal Screening Tests

There are two types of fecal occult blood tests. The most 
common is a guaiac-based test for peroxidase activity that is 
nonspecific and will fail to detect many small cancers and pre-
cancerous lesions.20 Nevertheless, several large randomized 
controlled trials as well as high-quality systematic reviews 
have shown that annual or biannual testing for fecal occult 
blood, with complete diagnostic evaluation of the colon (pri-
marily with colonoscopy) for patients with a positive FOBT, 
reduces mortality from colorectal cancer.3,21–24 More sensi-
tive guaiac testing (Hemoccult Sensa, Beckman Coulter) is  
associated with a slightly higher sensitivity for detecting 

Table 39-1. Patients with colorectal cancer

75% Average risk (sporadic)
15–20% Family history of colorectal cancer
3–8% Hereditary nonpolyposis colorectal cancer
1% Familial adenomatous polyposis
1% Ulcerative colitis

Table 39-2. Screening for colorectal cancer and polyps

Risk category Screening method
Age to begin 

screening

Average risk Choose one of the following:
1. High-sensitivity FOBT annually a

2. Flexible sigmoidoscopy every  
5 years combined with high- 
sensitivity FOBT every 3 years a

3. Colonoscopy every 10 years

50 years

Family history Choose one of the following:
1. Colonoscopy every 10 years
2. Colonoscopy every 5 years if 

diagnosis of colorectal cancer 
was made before age 60

3. Air contrast barium enema every 
5 yearsb

40 or 10 years 
prior to 
diagnosis of 
the youngest 
affected family 
member, which-
ever is earliest

Lynch  
syndrome

Colonoscopy every 1–3 years 21 years
Genetic counseling
Consider genetic testing

Familial 
adenomatous 
polyposis

Flexible sigmoidoscopy or colonos-
copy every 1–2 years

Puberty

Genetic counseling
Consider genetic testing

Inflammatory 
bowel disease 
(ulcerative 
colitis and 
Crohn’s 
colitis)

Colonoscopy with random biopsies 
for dysplasia every 1–2 years

7–8 years after the 
onset of pan-
colitis; 12–15 
years after the 
onset of left-
sided colitis

FOBT fecal occult blood test.
a The American Cancer Society recommends the combination of yearly 
FOBT and flexible sigmoidoscopy is preferable to either examination alone.
b Proctoscopy is recommended as an adjunctive examination to allow ade-
quate visualization of the distal rectum. Furthermore, flexible sigmoidos-
copy may be necessary to more completely evaluate a tortuous or spastic 
sigmoid colon.
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colorectal cancer. Testing of three samples is more sensi-
tive than testing of a single sample. An alternative method of 
FOBT is the fecal immunochemical test. This exam employs 
antibodies specific to blood components.

A major drawback to using stool testing as a screen-
ing technique is poor compliance. Only 38–60% of the 
patients in prospective trials completed all the planned 
FOBT tests,3,21,22 and use of FOBT in the general population 
is estimated to be lower than that in the research environ-
ment.25 The steps necessary for adequate sample collection, 
combined with dietary restrictions to avoid agents that can 
cause false-positive and false-negative results may also hin-
der compliance with FOBT. Proper performance of FOBT 
involves the sampling of atraumatically obtained stool from 
three consecutive bowel movements in a patient who has 
not ingested red meat, aspirin, nonsteroidal inflammatory 
medications, turnips, melons, salmon, sardines, horse-
radish, or vitamin C for the 2 days preceding the test and 
throughout the test period.13,26 The restriction of commonly 
ingested foods and medications, combined with the natural 
aversion to stool sampling, makes annual FOBT unappeal-
ing to many persons.

FOBT should not be confused with random stool guaiac 
testing, which is the analysis of stool found on digital rectal 
exam for blood. The lack of adequate diet and medication 
restriction prior to the test, potential for trauma to the anal 
canal during digital rectal examination, and the inability to 
reliably obtain stool from the distal rectum make the test 
unreliable.27 To date, random stool guaiac examination has 
not been demonstrated to have benefit in screening for col-
orectal cancer.

In some settings, FOBT test slides are rehydrated, which 
contributes to the high incidence of false-positive tests and 
is not recommended by the manufacturer. Hemoccult Sensa, 
which appears to be at least as sensitive as the original 
hemoccult test, is the guaiac technique currently recom-
mended for use.28

In the future, immunochemical techniques or genetic 
analysis of cellular material in stool may prove to be more 
effective than current FOBT technology in detecting occult 
colorectal neoplasms via stool sampling.29,30 Colonic cells 
are constantly shed by colonic epithelium, DNA material 
can isolate from these cells and analyzed. Because there is 
variation in the genotypes of tumors, the ideal test would 
screen for a large panel of genetic mutations.31 In 2004, the 
Colorectal Cancer Study Group compared Hemoccult II with 
fecal DNA testing (21 mutations) in 5,486 patients who sub-
sequently underwent a colonoscopy.32 The sensitivity of the 
fecal DNA test for advanced neoplasms (cancer, adenomas 
with villous or dysplastic histology, adenomas ³ 10 mm) was 
18% in comparison to Hemoccult II, which was 11%. The 
specificities were 94 and 95%, respectively. Another recent 
large study compared two different fecal DNA tests with 
Hemoccult II testing in patients who subsequently under-
went colonoscopy.33 The commercially available fecal DNA 

test, which examines 21 standard mutations including K-ras, 
APC, p53, BAT-26, and long DNA, provided no advantage 
over Hemoccult in the detection of dysplastic neoplasms 
or cancer. Sensitivity for “screen-relevant neoplasms” was 
modest: 20% by the DNA test, 11% by Hemoccult, and 21% 
by Hemoccult Sensa. A second novel fecal DNA test using 
three tumor-specific markers (K-ras mutations, APC mutator 
cluster regions, and vimentin methylation) was more sensi-
tive than the commercial DNA test, Hemoccult, or Hemoc-
cult Sensa in the detection of colorectal cancer and large 
adenomas but less specific. It remains unclear whether there 
are adequate data to support widespread use of fecal DNA 
tests as a viable colorectal cancer screening strategy.

Sigmoidoscopy

The effectiveness of sigmoidoscopy as a screening tool 
depends on its ability to detect cancers and adenomatous 
polyps in the distal colon. If adenomatous polyps are found 
at flexible sigmoidoscopy, colonoscopy should be strongly 
considered because almost one-third of such patients will 
have neoplastic lesions in the proximal colon.34 The effective-
ness of sigmoidoscopy in reducing mortality from colorectal 
cancer has never been proven by a randomized controlled 
trial, although case–control studies have shown a benefit.2,6,35 
There was only a trend toward limited benefit of one-time 
screening sigmoidoscopy, followed by colonoscopy for 
patients found to have polyps, in the Telemark study from 
Norway.36,37 The Prostate, Lung, Colon, and Ovary Trial sup-
ported by the National Cancer Institute is evaluating flexible 
sigmoidoscopy in a randomized, controlled setting, but mor-
tality data are not available at this time.13 In this trial, wide 
variability in polyp detection rate was observed between 
endoscopists,38 which raises concern regarding adequacy of 
the examination in the hands of inexperienced endoscopists. 
A multicenter prospective trial examining the potential bene-
fit of one-time screening flexible sigmoidoscopy at age 60 is 
currently underway in the UK and Italy.39 In this trial, it was 
noted that women who have undergone hysterectomy had 
fewer polyps detected at sigmoidoscopy and more pain than 
other patients, suggesting that these patients have less com-
plete examinations.40 A large randomized study in Norway 
could not demonstrate a decreased incidence of colorectal 
cancer or mortality when comparing one-time flexible sig-
moidoscopy to no screening.41

Flexible sigmoidoscopy alone will fail to detect neo-
plasms in the proximal colon unless adenomatous polyps or 
cancer are found in the distal colon that prompt colonoscopy. 
For this reason, The American Cancer Society recommends 
combining flexible sigmoidoscopy every 5 years with annual 
FOBT, rather than utilizing flexible sigmoidoscopy alone as a 
screening method.7,14 Although this combined approach may 
detect more proximal neoplasms than flexible sigmoidos-
copy alone, 15–30% of patients with negative flexible sig-
moidoscopy and negative FOBT will have neoplastic lesions 
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in the proximal colon at colonoscopy, calling the rationale 
for this approach into question.42–48 Given all the limitations 
of flexible sigmoidoscopy, it is unlikely that it will be the 
screening examination of choice in societies that can afford 
other screening methods that have greater efficacy and less 
patient discomfort.

Contrast Enema

The efficacy of barium enema in preventing colorectal cancer 
mortality has never been evaluated in a controlled trial, but 
can be inferred from the fact that detecting polyps and early 
stage cancers by other methods reduce the incidence and mor-
tality from colorectal cancer. Air contrast barium enema will 
detect 50–80% of polyps < 1 cm, 70–90% of polyps > 1 cm, 
and 50–80% of Stage I and II adenocarcinomas.49–52 Single 
column barium enema is less sensitive and should be com-
bined with flexible sigmoidoscopy, if used as a screening 
tool.13 Proctoscopy should be considered as an adjunct exam 
because the balloon on the enema catheter often prevents 
adequate imaging of the distal rectum. Another major limita-
tion of barium enema as a screening method is that patients 
usually require colonoscopy, if lesions are detected.

Colonoscopy

Colonoscopy is the only screening technique that allows the 
detection and removal of premalignant lesions throughout the 
colon and rectum and is the final common pathway for any 
positive screening test. Although its effectiveness depends 
on the skill and experience of the endoscopist to both reach 
the cecum and identify small lesions, it remains the gold 
standard to evaluate the colonic mucosa.13 The ability of 
colonoscopy to reduce colorectal cancer mortality has been 
demonstrated indirectly through studies showing that detect-
ing and removing polyps reduces the incidence of colorectal 
cancer and that detecting early cancers lowers the mortality 
from the disease.2–6 Compliance with screening colonoscopy 
may be superior to that of other methods because no confir-
matory exams are required, and thus, patients are subjected 
to a single cathartic bowel preparation.

CT Colonography

CT colonography (virtual colonoscopy) was developed in 
an attempt to increase compliance with colorectal cancer 
screening, based on the impression that people would be 
more inclined to have a “scan” that a “scope.” The tech-
nique involves thin-section computed tomography (CT) 
with three dimensional computer reconstructions to examine 
the colonic mucosa (Figure 39-1A and B).53,54 Although the 
technique has the advantages of being considered “nonin-
vasive” and not requiring sedation, a vigorous oral cathar-
tic laxative preparation is required, because adherent stool 
cannot be reliably differentiated from neoplasia on CT. In 

addition, a rectal catheter and air insufflation is utilized to 
distend the colon. CT colonography cannot be assumed to be 
more appealing to all patients who are reluctant to undergo 
colonoscopy, because many patients are deterred more by 

Figure 39-1. A CT colonography of an 87-year-old patient with a 
large tumor of the splenic flexure who could not undergo colonos-
copy. The circumferential cancer can be seen occupying the lumen 
of the colon. B CT colonography of an 87-year-old patient with a 
large tumor of the splenic flexure who could not undergo colonos-
copy. This image is of the transverse colon proximal to the cancer.
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the laxative preparation beforehand than by the endoscopic 
procedure itself and find rectal air insufflation in the absence 
of sedation uncomfortable.55 Initial trials demonstrated that 
CT colonography was not as sensitive as colonoscopy in the 
detection of small polyps.56 Recent improvements in tech-
nology and experience with interpretation have resulted in 
improved performance of the test. The sensitivity for the 
detection of polyps 10 mm or larger can be up to 90% with 
a specificity of 86% in the hands of interested radiologists.57 
Polyps that are 6 mm or larger have detection rate of up to 
78% with a specificity of 88%.7,57–60 CT colonography is both 
less sensitive and less specific in the detection of polyps less 
than 6 mm in size.

Controversy exists regarding the size of polyp detected at 
CT colonography that should prompt optical colonoscopy. 
If the polyp size cutoff is small, then the number of patients 
that are referred for colonoscopy will be large and the cost of 
the program high. If the polyp size cutoff is larger, then the 
number of patients that are referred for colonoscopy will be 
smaller and the cost of the program will be lower, although 
there is an increased risk of leaving neoplastic polyps in 
situ. If 6 mm is chosen as a cutoff size, it is estimated that 
15–25% of patient undergoing screening CT colonography 
would be referred for colonoscopy.59,61,62 Even at this small 
polyp cutoff size, there is controversy regarding the practice 
of leaving polyps in situ because the natural history of small 
polyps (<6 mm) is unknown.59,63 Regardless of its accuracy, 
CT colonography suffers (as does contrast enema) from the 
disadvantage that biopsies cannot be obtained and positive 
findings require endoscopic confirmation. Other disadvan-
tages include radiation exposure and the cost of managing 
extracolonic findings. It is estimated that 27–69% of patients 
who have CT colonography will have at least one potentially 
pathologic finding in an organ outside of the colon.7–9

For all these reasons, CT colonography is not utilized 
at most centers as the preferred initial screening test. CT 
colonography is an excellent choice, however, for the evalu-
ation of a patient who has just had an incomplete colonos-
copy. The colon is already prepared and it is distended by air. 
Ultimately, if stool labeling technology improves to the point 
where cathartic bowel preparation and transanal gas insuffla-
tion of the colon are no longer necessary, then CT colonogra-
phy could gain traction as the preferred initial screening test 
for colorectal cancer.

Cost and Reimbursement

The Office of Technology Assessment of the US Congress 
found that FOBT, flexible sigmoidoscopy, air contrast barium 
enema, and colonoscopy are equally cost-effective as screen-
ing strategies, with an estimated cost of less than $20,000 per 
year of life saved (assuming screening begins at age 50 and 
is discontinued at age 85).13,64,65 Although cost–benefit analy-
ses such as these are exceedingly complex, this estimate is 

well within the acceptable range of cost-effectiveness by US 
health standards and compares favorably to screening mam-
mography for women over age 50. As of January 1, 1998, 
the Centers for Medicare and Medicaid Services (CMS) has 
reimbursed screening examinations for colorectal cancer 
in average-risk persons over the age of 50.66 In 2001, CMS 
authorized reimbursement for screening colonoscopy for 
average-risk persons. As of January 2010, the CMS guide-
lines for reimbursement for colorectal cancer screening are 
as follows (excerpted from their website, http://www.cms.
hhs.gov/ColorectalCancerScreening).

Fecal occult blood test (FOBT) – once every year.•	
Flexible sigmoidoscopy – once every 4 years.•	
Colonoscopy – once every 2 years, if the patient is at high •	
risk for colon cancer; and once every 10 years (but not 
within 47 months of a screening sigmoidoscopy), if the 
patient is not at high risk for colon cancer.
Double-contrast barium enema – physician can decide to •	
use instead of a sigmoidoscopy or colonoscopy.

At present, the choice of screening strategy for average-
risk persons is made with influence from primary care 
physicians, patients, and third-party payors. Several of the 
recommended strategies depend on compliance with yearly 
FOBT, which has been extremely difficult to achieve even 
in the setting of controlled trials. Only air contrast barium 
enema and colonoscopy provide total colonic evaluation, 
and contrast enema suffers from the necessity of performing 
colonoscopy if a lesion is detected. The American College 
of Gastroenterology suggested that screening colonoscopy 
every 10 years beginning at age 50 is the preferred method of 
screening average-risk persons for colorectal cancer.18

Personal History of Adenomatous Polyps 
or Adenocarcinoma

A personal history of adenomatous polyps or colorectal ade-
nocarcinoma places a person at higher than average risk for 
the development of metachronous neoplasms. Patients who 
undergo curative resection of colorectal adenocarcinoma 
should undergo regular surveillance colonoscopy to detect 
new metachronous primary neoplasms. The recommenda-
tion of the Standards Task Committee of the American Soci-
ety of Colon and Rectal Surgeons is for initial postresection 
colonoscopy at 1 year, followed by colonoscopy every 3–5 
years thereafter, depending on the pathology found at the 
preceding colonoscopic examination. The US Multi-Society 
Task Force on Colorectal Cancer and the American Cancer 
Society outlined guidelines for colonoscopy after polypec-
tomy and colorectal cancer resection in 2008.67 This panel 
recommended that patients with hyperplastic polyps should 
be considered average risk and therefore screened every 
10 years. Patients with an adenomatous polyp greater than 1 cm 
should have a repeat colonoscopy in 3 years. Patients who 

http://www.cms.hhs.gov/ColorectalCancerScreening
http://www.cms.hhs.gov/ColorectalCancerScreening
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have adenomas with villous features or high-grade dysplasia 
are also recommended to have a surveillance colonoscopy in 
3 years. Patients with fewer than three small adenomas may 
be surveyed every 5–10 years. After resection of colorec-
tal cancers, the panel recommended that patients undergo a 
colonoscopy at 1 year.

Clearly, these recommendations can be altered given the 
specific details of the clinical situation. A rational surveillance 
strategy should take into account the patient’s age, comorbid 
conditions, life expectancy, completeness of prior examina-
tions, pattern of neoplastic growth, family history, and histo-
logic features of previously resected neoplasms. For example, 
a patient in good health who is found to have adenomas that 
are multiple, large, sessile, dysplastic, or removed in a piece-
meal fashion on initial screening colonoscopy should be con-
sidered for colonoscopy at an earlier interval, such as 6–12 
months. However, a 90-year-old patient with severe comor-
bidities and limited life expectancy may not benefit from 
surveillance examinations, because removal of premalignant 
lesions will probably not alter lifespan or quality of life.

Family History of Colorectal Cancer  
or Adenomatous Polyps

A family history of colorectal cancer or adenomatous pol-
yps increases the risk of developing colorectal cancer. In 
general, closer familial relationships to affected relatives, 
younger age of onset, and larger numbers of affected rela-
tives increase the risk.13,68,69 A careful family history should 
always be obtained to exclude one of the better-defined 
inherited colorectal cancer syndromes, such as Lynch syn-
drome or familial adenomatous polyposis (FAP).

As a greater understanding of the molecular genetics 
of colorectal cancer is gained, many patients with familial 
colorectal cancer may eventually be categorized as having 
distinct inherited syndromes. For example, a germline muta-
tion of the adenomatous polyposis coli gene (I1307K vari-
ant) was identified in persons of Ashkenazi Jewish descent 
that predisposes to the development of colorectal adenomas 
and carcinoma.12,70–75The mutation causes hypermutability 
of the adenomatous polyposis coli gene and is thought to 
contribute to carcinogenesis independent of mismatch repair 
deficiency.72 In the future, genetic testing for this mutation in 
at-risk persons may have clinical utility.

Screening Recommendations

The AHCPR panel recommended that patients with first-
degree relatives with colorectal cancer or adenomatous pol-
yps begin screening for colorectal neoplasia at age 40, or 10 
years prior to the age at diagnosis of the affected relative, 
whichever is earliest.13 Those patients whose first-degree 
relatives developed colorectal cancer prior to age 50 may 

be at higher risk, and complete colonic evaluation with 
colonoscopy should be strongly considered.13 Patients with 
a second-degree relative with colorectal cancer, or relative 
with adenomatous polyps diagnosed over age 60, may be 
screened as an average-risk person.13

More recently, the American College of Gastroenterology 
recommended that patients with a single first-degree rela-
tive (<60 years) with colorectal cancer or an adenoma > 1 cm 
or an adenoma with villous features or high-grade dysplasia 
begin screening at age 40 or 10 years before the diagnosis 
in the youngest affected relative. Surveillance should be 
repeated every 5 years. If the initial diagnosis of colorectal 
cancer was made after age 60, then surveillance can be car-
ried out every 10 years. This recommendation emphasizes 
that an increased level of screening is not recommended for 
a history of adenomas without adverse features in a first-
degree relative.18

Lynch Syndrome

Lynch syndrome (formerly hereditary nonpolyposis col-
orectal cancer syndrome) is an inherited disorder that pre-
disposes patients to the development of colorectal cancer, 
with up to 75% of patients developing colorectal cancer by 
age 65.76–79 Lynch syndrome is inherited in an autosomal 
dominant fashion and is thought to be the result of germline 
mutations in mismatch repair genes (genes that code for 
proteins responsible for correcting errors during DNA rep-
lication). Patients with Lynch syndrome typically develop 
cancer between age 40 and 50 and most tumors occur 
proximal to the splenic flexure. “Nonpolyposis” in the term 
“hereditary nonpolyposis colorectal cancer” refers to the 
distinction between Lynch syndrome and FAP (in which 
patients have hundreds of polyps), but is somewhat mislead-
ing as patients with Lynch syndrome will develop adenoma-
tous polyps. The major distinction is that progression from 
adenoma to carcinoma appears to be accelerated in Lynch 
syndrome patients as compared to patients with sporadic 
cancers and FAP, and there is a tendency to develop mul-
tiple colorectal cancers in Lynch syndrome.76,80–82 Patients 
with Lynch syndrome have germline mutations and are also 
at high risk for the development of other cancers including 
endometrial, ovarian, gastric, transitional cell, small bowel, 
and hepatobiliary neoplasms.

The ability to conclusively identify gene carriers is not 
yet fully developed, thus the penetrance of colorectal can-
cer in gene carriers can only be estimated (about 90%). In 
addition, some patients in Lynch syndrome families who do 
not have identifiable germline mismatch repair gene muta-
tions will develop colorectal cancer.83 For these reasons, 
the diagnosis of Lynch syndrome in a family remains clini-
cal. The Amsterdam I criteria (colorectal cancer in three 
or more family members, two generations affected, one 
affected person a first-degree relative of another, and one 
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cancer diagnosed prior to age 50) are the most stringent 
criteria and have the highest concordance with known mis-
match repair gene mutations.83 These criteria were origi-
nally developed for research purposes, to standardize the 
definition of Lynch syndrome. However, they fail to iden-
tify patients who may be affected with Lynch syndrome but 
do not fit the strict criteria because of unknown or abbrevi-
ated family histories, as well as patients with a personal or 
family history of extracolonic malignancies associated with 
Lynch syndrome. The Bethesda criteria were developed to 
acknowledge the shortcomings of the Amsterdam I criteria 
as clinical guidelines and to expand the clinical suspicion 
of Lynch syndrome to a broader range of patients.79,84 Other 
groups have also published revised criteria for Lynch syn-
drome because of the above reasons. It is thus of paramount 
importance that persons being interviewed to determine 
their risk for colorectal cancer be questioned regarding 
a family history of the most common Lynch syndrome-
related cancers.

Microsatellite instability has been reported in 85–90% 
of Lynch syndrome colorectal cancers.77 Detection of this 
phenotype has been proposed as a screening method to trig-
ger germline mutational analysis in kindreds with uncertain 
family histories.79 However, microsatellite instability is 
also found in approximately 15% of sporadic cancers and 
has not been universally found to be predictive of familial 
cancer.83,85 Patients who satisfy the Bethesda criteria should 
have immunohistochemistry staining for mismatch repair 
proteins or microsatellite testing of their, or an afflicted 
family member’s, neoplasm. Germline mutational analy-
sis can then be performed. If a proband tests positive, the 
appropriate family members can be offered screening. Clin-
ically, the absence of microsatellite instability or mismatch 
repair gene mutation does not negate a family history that 
suggests an autosomal dominant predisposition to develop-
ing colorectal cancer. At-risk family members still require 
aggressive screening.

Screening Recommendations

The American College of Gastroenterology recommends 
that persons who are members of a family that fits clini-
cal criteria for Lynch syndrome undergo colonoscopy 
at age 20–25 and repeat colonoscopy every 2 years until 
age 40. The panel recommends that patients should have 
annual colonoscopies after age 40.18 The short-time interval 
between colonoscopies results from the accelerated ade-
noma to carcinoma progression thought to occur in Lynch 
syndrome. Patients and at-risk family members should be 
referred for genetic counseling. A number of authors have 
recommended that patients with Lynch syndrome may have 
increased polyp detection rates, if they are screened with 
chromoendoscopy or narrow band imaging.86–89 It is not 
known whether these techniques may allow longer screening 
intervals in the future.

Familial Adenomatous Polyposis

Familial adenomatous polyposis (FAP) is caused by a 
germline defect in the adenomatous polyposis coli gene, 
which is inherited in autosomal dominant fashion.90 
Patients with FAP develop hundreds of adenomatous pol-
yps as early as puberty and will ultimately develop col-
orectal cancer usually by age 40.91,92 Patients with FAP 
are also prone to develop a variety of extracolonic tumors, 
notably duodenal adenomas and carcinomas, and desmoid 
tumors.91 FAP mutations do occur spontaneously, account-
ing for patients who are diagnosed with the disease with-
out a family history of FAP.93 Attenuated FAP is a rare 
variant of the disease, with polyps and cancers developing 
later in life.94

In the past, a commonly used genetic test for FAP was 
an assay for a truncated protein product of the mutated 
adenomatous polyposis coli gene. Because only about 80% 
of families with FAP will have a mutation that produces 
a truncated protein, the predictive value of testing at-risk 
family members is greatest if the proband (affected rela-
tive) has a positive test.95 At present, germline mutational 
analysis is the preferred method of confirmation of the 
disease. If patients suspected of having FAP are not found 
to have an APC mutation, then MYH polyposis should be 
considered.

Screening Recommendations

Patients with a family history of FAP should undergo flex-
ible sigmoidoscopy or colonoscopy at puberty.13,96 Lower 
endoscopy should be repeated every 1–2 years. Patients with 
FAP are also at risk for the development of gastric, periam-
pullary, and duodenal adenomas. Patients with FAP should 
undergo upper endoscopic surveillance every 1–3 years.18,97 
Genetic testing should be considered, especially in large ped-
igrees where genotyping might be more cost-effective than 
repeated endoscopy.96 If the proband has a positive genetic 
assay, at-risk relatives who test negative may be screened as 
average-risk persons.96

Because of the socioeconomic, medicolegal, and emo-
tional issues surrounding genetic testing, it cannot be 
emphasized enough that genetic testing for FAP should 
be done after genetic counseling and informed consent.95 
Trained genetic counselors can guide patients through the 
testing process and help interpret results. Lest physicians 
think that they do not need assistance in this regard, they 
should look at the work of Giardiello et al. who found that 
32% of physicians ordering genetic tests for FAP misin-
terpreted the results of the test and that less than 20% of 
patients tested had received pretest genetic counseling or 
written informed consent.95 These numbers are sobering 
when one considers that FAP has 100% mortality if left 
untreated. Patients should also undergo screening upper 
endoscopy for duodenal adenomas.98
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Inflammatory Bowel Disease

Patients with ulcerative colitis have an increased risk of 
developing colorectal cancer, probably because of the chronic 
effects of inflammation on the mucosa, leading to malignant 
degeneration. However, because of the altered appearance of 
the mucosa, carcinomas are sometimes difficult to identify 
endoscopically. Frequent colonoscopy with random biopsy 
is recommended, in an attempt to identify early stage carci-
nomas or premalignant change (dysplasia) that would predict 
the presence of occult carcinoma or predict the subsequent 
development of carcinoma. Proctocolectomy could then be 
performed for cure or prophylaxis. The risk of colorectal 
cancer in patients with Crohn’s disease is now considered to 
be similar to that of patients with ulcerative colitis and there-
fore they should be screened in similar fashion.97,99

Screening Recommendations

It is now common practice for patients with inflammatory 
bowel disease to undergo screening colonoscopy with mul-
tiple random biopsies looking for dysplasia every 1–2 years, 
beginning 7–8 years after disease onset in patients with pan-
colitis, and 12–15 years after disease onset in patients with 
left-sided colitis.13,100,101 Mucosal biopsies are taken every 
10 cm from normal appearing mucosa. Abnormal appearing 
lesions should also be biopsied.97 Random biopsies should 
be avoided in areas of acute colitis. Despite the consensus 
recommendation to perform surveillance colonoscopy with 
random biopsy, definitive evidence that surveillance reduces 
mortality, or is better than timing a colectomy according to 
extent and duration of disease, is lacking.13,100,101

Future Directions

It is troubling that so much energy and expense is devoted 
to the cure of advanced or recurrent colorectal cancer in the 
USA, while so little is devoted to screening for polyps and 
early stage cancers. It is estimated that only 50% of adults 
over the age of 50 in this country underwent FOBT or endos-
copy for colorectal cancer screening in 2005.102 Although 
this represents a substantial increase from screening rates 
of the past, it is still woefully inadequate given that col-
orectal cancer is the second leading cause of cancer-related 
death and is largely preventable by adequate screening. In 
a report issued in 2002, the US General Accounting Office 
found that colorectal cancer screening is the least utilized 
preventive health benefit available to Medicare beneficiaries 
(General Accounting Office, Medicare – Beneficiary Use 
of Clinical Preventive Services, Report No. GAO-22-422; 
April 2002). As is the case in the general population, only 
25% of Medicare beneficiaries are screened each year with 
FOBT, compared with much higher rates for other regular 

cancer screening tests such as mammography (75%) or Pap 
smear testing (66%). More recent data suggest that among 
Medicare beneficiaries aged 65–80, colonoscopy rates have 
increased while FOBT rates decreased.103 Both health care 
professionals and the public need to become more aware of 
the potential benefits of colorectal cancer screening.

As the genetics of inherited colorectal cancer syndromes 
become better understood, it will be possible to conclusively 
identify high-risk populations. It is of paramount importance 
that screening efforts be directed toward these populations. 
Genetic counselors are invaluable resources, both to counsel 
family members and to help direct genetic testing.
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40
Colon Cancer Evaluation and Staging
Eric G. Weiss

Introduction

Colorectal cancer is the third most common cancer affecting 
persons in the USA. In 2008, there were an estimated 148,810 
new cases of colon and rectal cancer with colon cancer mak-
ing up the majority of new cases at 107,143 and the remaining 
28% arising in the rectum.1 Overall, approximately 33.6% of 
newly diagnosed patients with colorectal cancer in the USA 
will die of their disease.

Clinical Presentation

His beneficial that colon cancers are diagnosed when patients 
are asymptomatic, who undergo surveillance, or who are 
investigated for problems such as anemia. This underscores 
the importance of colorectal cancer screening in the asymp-
tomatic patient based on age, and also any other associated 
risk factors that would increase the risk and require earlier 
screening. Currently the most common screening test is 
standard colonoscopy, but combinations of DRE, FOBT, 
FFS, and BE are still acceptable. In symptomatic patients, 
the most common presenting symptoms are abdominal pain, 
change in bowel habits, rectal bleeding, and occult blood in 
the stool.2 These symptoms are more frequently associated 
with a tumor that is more advanced than in asymptomatic 
patients.

Abdominal pain is the most common presenting symp-
tom of colon cancer. The pain can vary in type, location, 
and intensity. In the early phases or stages of colon cancer 
without evidence of obstructive symptoms, the pain can be 
vague, dull, and poorly localized. The pain is often in the 
lower abdomen, but may also occur periumbilically or else-
where. With progression of the disease and a larger mass or 
a mass causing obstruction, symptoms of intestinal obstruc-
tion will eventually occur. This type of pain is character-
ized by crampy, colicky pain, often associated with meals, 
and occurring after meals. The location of the pain is often 

 periumbilical or midabdominal, but can be located at the site 
of obstruction.

A change in bowel habits is the second most common 
symptom of colon cancer. The changes seen can be very 
subtle or very significant. In early lesions the change may be 
minor, with only a change in stool frequency. There can be 
changes in size, shape, and/or consistency of bowel move-
ments. Characteristic changes include narrowing of the stool, 
irregular shape, and typically looser or diarrheal stool. The 
symptoms will depend on the location of the tumor. Right-
sided tumors occur where the bowel lumen is larger and the 
stool is liquid. Symptoms occur later, but on the left side 
where the stool is more solid and the lumen narrower symp-
toms occur at an earlier stage.

Rectal bleeding may be present in as many as 25% of 
patients with colon cancer.3,4 The bleeding may be of vary-
ing intensity and color. Bright red rectal bleeding is more 
consistent with a more distal location of a cancer. The mis-
take of attributing rectal bleeding to hemorrhoids even in 
a young population can lead to serious and at times fatal 
delays in the diagnosis of a colon cancer. Almost all patients 
regardless of age who present with rectal bleeding should 
undergo colonoscopic evaluation or a minimum flexible 
sigmoidoscopy depending on patient age and characteris-
tics of the bleeding. In a series of 570 patients, 50 years of 
age or younger with rectal bleeding who underwent endo-
scopic evaluation, there was a 17.5% incidence of colorectal 
 neoplasm.5

Patients undergoing stool guaiac tests for occult blood in 
the stool for routine screening with a positive result have a 
5.1% chance of having an invasive cancer and a 24% chance 
of having a benign polyp.6 Newer tests of either blood or 
DNA in the stool may be more sensitive than standard guaiac 
and lead to increased yields. The fecal immunohistochemi-
cal test (FIT) uses a monoclonal antibody to human hemo-
globin and is more specific to colorectal cancer or advanced 
adenomas.7

As mentioned previously some of the symptoms that 
occur may be early or late based on the distribution of cancer 
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within the colon. There has been an overall more proximal 
shift of colon cancers with more tumors being in the proxi-
mal colon. The Lahey Clinic reported a 10-year represen-
tative anatomical site distribution in which the cancer was 
located in the right colon in 18%, the transverse colon in 9%, 
the descending colon in 5%, the sigmoid colon in 25%, and 
the rectum in 43%.8

Staging and Prognostic Factors

Evolution of Staging Systems

The original staging system for colorectal cancer was 
reported by Cuthbert Dukes’ in 1930 and then revised by 
him in 1932.9 This classification had three stages, A, B, and C.  
Stage A had the cancer limited to the bowel wall, Stage B had 
cancer that spread by direct extension to extrarectal tissues, 
and Stage C had cancer with regional lymph node metasta-
sis. Dukes’ further revised the classification in 1944 to sub-
divide the Stage C group into those with positive regional 
lymph nodes below a ligature (C1) and at a ligature (C2). 
In addition, a more advanced stage, Stage D was added for 
distant metastases.

Others have subsequently modified the Dukes’ staging 
system in an attempt to further stratify, prognosticate, and 
treat patients with a more useful system. Kirklin first modi-
fied this system by subdividing Dukes’ B into B1 and B2 
based on invasion of the submucosa and muscularis propria 
versus full thickness invasion.10 The most common modifi-
cation is known as the Astler–Coller Modification.11 In this 
modification, the Dukes’ B and Dukes’ C tumors are subdi-
vided into two groups, depending on depth of tumor inva-
sion Stage B, tumors penetrate partially into the muscularis 
propria, Stage B2 penetrate full thickness; both lack lymph 
node metastases. Stage C, and C2 parallel B1 and B2 but 
have lymph node metastases. Although both the Dukes’ and 
Modified Dukes’ staging systems are still utilized, the TMN 
staging system is the preferred method of colorectal cancer 
staging.

Current Staging Systems

The TNM classification is the system developed by the 
American Joint Committee on Cancer (AJCC) and the Inter-
national Union Against Cancer (UICC). It utilizes three 
descriptors based on each letter in the name, T for tumor 
depth, N for nodal involvement, and M for metastases. Based 
on a combination of T, N, and M for any given tumor, an 
overall stage from Stage I to IV can be determined. The most 
recent AJCC/UICC definitions were published in 2010.12

The T stage can be divided into seven possible categories 
based on the depth of invasion. Tis, carcinoma in situ represents 
a nonmalignant tumor; T1 has invasion into the submucosa; 
T2 has invasion into the muscularis propria; T3 has invasion 

into the subserosa or nonperitonealized pericolonic or rectal 
tissue (through the bowel wall); and T4 has invasion of other 
organs or structures. The T3 category can be further subdi-
vided by the depth of penetration into the muscularis propria. 
The N stage can be divided into three categories. N0, with no 
lymph node involvement; N1, with one to three lymph nodes 
involved; and N2 with four or more lymph nodes involved. 
The M stage is only divided into two categories, either no 
metastases (M0) or distant metastases (M1).

Typically, the combination of T, N, and M will lead to 
one of the four stages based on the combination of findings. 
Stage 0 is Tis, N0, and M0. Stage 1 is T1 or T2, N0, M0. 
Stage 2 is T3 or T4, N0, M0. Stage 3 is Any T, N1 or N2, 
and M0. Stage 4 is Any T, Any N and M1. In the most recent 
AJCC/UICC definitions, Stage II and III are further subdi-
vided, Stage IIA (T3, N0, and M0) and Stage IIB (T4, N0, 
and M0); and three Stage III categories, Stage IIIA (T1 or 
T2, N1, and M0), Stage IIIB (T3 or T4, N1, and M0), and 
Stage IIIC (Any T, N2, and M0).

In the seventh Edition of the AJCC Staging Manual,  
Stage II and Stage III colon cancers were reclassified based 
on the Hindgut Taskforce recommendations.13 Based on 
SEER population based data compared to NCDB data the 
reclassification occurred. T4bN0 was reclassified from IIB 
to IIC, T1-2N2a from IIIC to IIIB, T1-2N2b from IIIC to 
IIIB as well as T3N2a. T4bN1a and T4bN1b both were 
reclassified from IIIB to IIIC.

The importance of staging is for treatment planning and 
prognosis.

Clinical Prognostic Factors

Age

As with many cancers, colon cancer incidence increases with 
increasing age. Most series report a mean age in the sixth 
decade for nonhereditary colon cancer. Patients with familial 
adenomatous polyposis (FAP) will present with colon cancer 
in their mid to late 30s if colectomy is not performed prior 
to this age. Patients with HNPCC can present at any age, but 
tend to have colon cancer between the ages of 40 and 60, 
significantly younger than individuals with nonhereditary 
colon cancers.

It has been reported that younger patients present with 
worse tumors of more advanced stage and grade. However, 
recent studies refute this claim. O’Connell et al. recently 
reported (using SEER data) a comparison of two groups of 
patients with colon cancer.14 The SEER database is a pro-
spectively entered database of the National Cancer Institute 
in the USA and stands for Surveillance, Epidemiology, and 
End Results. They compared outcome in patients 20–40 
years of age to those 40–60 years of age. Although there 
was an increased incidence of higher stage tumors, stage for 
stage they had an equivalent or improved 5-year survival.



70540. Colon Cancer Evaluation and Staging

Symptoms

Obstruction and perforation are poor prognostic signs often 
associated with advanced disease. In addition, because 
patients are operated on in an urgent fashion, their operative 
morbidity and mortality is increased. Chen et al. reported 
outcome in patients with obstructing and/or perforated colon 
cancer.15 Perforated cancers had a 9% operative mortality 
compared to obstructed cancers of 5%. Overall 5-year sur-
vival was 33% in each group, much lower than the expected 
rate based on similar stages in noncomplicated cases.

Blood Transfusion

Blood transfusions can cause immunosuppression in the 
postoperative period, which may allow for an inability to 
combat tumor cells shed at the time of surgery and theoreti-
cally lead to a worse prognosis. Sibbering et al. reported on 
266 patients with colon cancer some of who received blood 
transfusions and others who did not.16 There was no differ-
ence in survival when comparing the two groups. However, 
Chung et al. reviewed 20 papers, representing 5,236 patients 
supporting the hypothesis that perioperative blood transfu-
sions are associated with an increased recurrence and death 
from colon carcinoma.17

Adjacent Organ Involvement

Local extension of colon carcinoma can involve any struc-
ture or organ adjacent to the primary tumor. It occurs in 
5–12% of colorectal cancers. All tumors with local exten-
sion would be considered T4. For right colon cancers the 
most commonly involved structures are the liver, duode-
num, pancreas, and abdominal wall. Kama et al. reported 
a 75% disease-free survival of 14–41 months following en 
bloc pancreaticoduodenectomy and right colectomy.18 Simi-
larly Izbicki et al. reported on 83 patients with colorectal 
cancer undergoing extended en bloc resections.19 Compar-
ing extended to nonextended resections, mean survival of 
both groups was around 45 months conferring the ben-
efit of extended resections when necessary to achieve R0 
resections. These data were supported by Kroneman et al. 
where 4-year survival was 33 % following en bloc resec-
tion compared to those receiving noncurable resections, of 
6 months.20

Histologic/Biochemical/Genetic Factors

Histologic Grade

Broders described classifying adenocarinomas by the degree of 
differentiation. He described four grades based on how much 
of the tumor had differentiated cells within it. Today, three 
grades are used and include Grade 1 with  well-differentiated 
features, Grade 2 moderately differentiated, and Grade 3 

poorly  differentiated. The vast majority of colon cancers are 
 moderately differentiated (Grade 2) with preservation of gland 
forming architecture. However, the amount of preservation of 
this architecture is variable and when absent leads to sheets 
of invasive cells classified as poorly differentiated. The degree 
of differentiation corresponds to prognosis. Poorly differenti-
ated tumors have a worse prognosis stage for stage compared to 
 better differentiated tumors.21

Tumor Budding

Tumor budding is now recognized and reported by patholo-
gists and represents an undifferentiated portion of tumors 
at the leading invasive edge. There is a transition from the 
glandular structures to single cells or clusters of cells at the 
invasive margin. Also known as dedifferentiation and first 
described by Morodomi et al. in 198922, it is recognized by 
less than five cells of single infiltrating cancer cells at the 
invasive edge. Tumor budding is associated with a high risk 
of recurrence.23 In addition, it has been associated as an inde-
pendent risk factor for local spread, lymph node and distant 
metastases, and worse survival.24

Mucin Production and MSI

The most common pathway for the development of colorectal 
cancer is via the mechanism of chromosomal instability path-
way (microsatellite stable or MSS). This pathway is respon-
sible for an estimated 75–85% of all colorectal cancers. The 
remaining 15–20% of colorectal cancers occur via a different 
pathway associated with a high frequency of MSI.

Microsatellite Instability known as MSI is associated with 
HNPCC. MSI is an alteration in mismatch repair genes, 
which are important to repairing errors in replication. When 
altered, they can lead to colorectal cancer. Since there is loss 
of one of the two alleles in HNPCC, these patients tend to 
present earlier in life, with multiple colonic and extracolonic 
cancers. Many HNPCC cancers are mucin producing, which 
when present have a better prognosis compared to non-mucin 
producing tumors in these patients.

Signet-Cell Histology

Signet-ring or signet-cell tumors have a worse prognosis 
in many intestinal cancers. Signet-cell tumors tend to be of 
a more advanced stage when discovered. In a comparison 
between signet-ring and nonsignet ring colon cancers, it was 
noted that patients with signet-ring cancers were younger, 
had more advanced stages, and an increased incidence of 
liver metastases.25 In addition, the rate of curative resection 
was lower at 35% compared to 79%. This rate was similar 
to poorly differentiated tumors at 46% at 5 years. In another 
study, the risk of peritoneal seeding was higher in signet-cell 
tumors leading to a high incidence of palliative resections 
and a mean survival of 16 months.26
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Venous Invasion

Blood vessel invasion has been linked with poor prognosis 
both independently as well as with its association with lymph 
node metastasis. Blood vessel invasion can occur intramu-
rally within the wall of the colon itself or in the surrounding 
tissue. Although arterial invasion occurs, most series define 
and describe vascular invasion based on venous invasion. 
Venous invasion in colon cancer occurs in 42% of patients 
and increases with increasing grade and stage.27 Patients 
with blood vessel invasion had a 74% survival compared to 
those without it at 85%. In those patients with both intramu-
ral and extramural vascular invasion the prognosis was even 
worse at 32%.

Perineural Invasion

The growth of tumor along perineural spaces is known as 
perineural invasion and like venous invasion it increases with 
increasing grade and stage of the tumor. It occurs in 14–32% 
of colorectal cancers and can extend to as far away as 10 cm 
from the primary tumor. Numerous studies have confirmed 
poorer prognosis when perineural invasion is noted.28,29

Lymph Node Involvement

Lymph node metastasis has been long understood to be 
one of if not the most important prognostic factor in colon 
cancer outcome. All currently utilized staging systems as 
described above for colon cancer employ and rely on the 
presence or absence of lymph node metastases. It is there-
fore important to adequately remove the lymph node bear-
ing tissue associated with the underlying colon cancer. It 
has been reported by Scott and Grace that if 13 lymph nodes 
are not recovered, adequate staging cannot be performed.30 
The main determinant for an adequate lymph node harvest 
is surgical, but a variety of means to enhance the yield have 
been developed and include fat clearance with xylene, other 
chemicals, and PCR techniques.31–33 Using these techniques 
more lymph nodes or lymph nodes not found by standard 
techniques can be discovered, thus improving the accuracy 
of staging and allowing for better prognosis and application 
of adjuvant treatment. The ability to find occult metasta-
ses in otherwise H&E negative lymph nodes may improve 
survival by upstaging patients to a Stage 3, which would 
then lead to a recommendation for adjuvant chemotherapy. 
Cytokeratin immunohistochemistry can convert 25–30% 
of otherwise H&E negative lymph nodes in patients with 
colorectal cancer.34

Carcinoembryonic Antigen

Carcinoembryonic antigen (CEA), a glycoprotein absent in 
normal colonic mucosa, but present in 97% of patients  

with colon cancer was discovered in 1965.35 CEA elevation 
correlates with either disease that has metastasized to the 
liver or with very large tumors. Patients with disease con-
fined to the colonic mucosa or submucosa will have elevated 
CEA in 30–40% of cases. It is therefore not useful for screen-
ing, but can be used to follow patients with colon cancer. In 
patients with elevated CEA preoperatively and localized dis-
ease that is expectable, the CEA should fall following sur-
gery. If the CEA level does not fall then occult metastases 
may be present and may be an indication for adjuvant ther-
apy. The absolute level of CEA is also important. A CEA of 
greater than 15 mg/ml predicts an increased risk of metasta-
ses in an otherwise apparently curable colon cancer.36 A nor-
mal preoperative CEA may become elevated with metastatic 
disease. Controversy exists as to the utility of following CEA 
postoperatively as it may not allow any advantage to salvage 
or treatment when compared to symptomatic recurrences37 
despite the fact that routine periodic CEA measurement is 
endorsed by the American Society of Colon and Rectal Sur-
geons in their practice parameters.38

Sentinel Node

The idea of a sentinel lymph node being present and if iden-
tified be able to predict lymph node metastases has become 
standard of care in breast cancer and melanoma. Its appli-
cation to colon cancer is in its infancy and may be less 
important in colon cancer than the others. The idea that the 
lymphatic drainage can be mapped, and the first node identi-
fied, has significance in oncologic surgery. In colon cancer, 
resecting the associated lymphovascular pedicle with the 
primary cancer is considered paramount to performing an 
adequate operation; this adds little to no morbidity unlike 
excising level 3 nodes in breast cancer patients. In an attempt 
to validate the sentinel lymph node theory in colon cancer, 
Paramo et al. reported on their experience with 45 patients 
who underwent intraoperative sentinel lymph node mapping 
using isosulfan blue dye.39 Sentinel lymph nodes were iden-
tified 82% of the time and predicted regional metastases in 
98% of cases, with only a single case of a false-negative sen-
tinel lymph node. Others have agreed that its utility may be 
marginal in colon cancer.40

DNA Ploidy

Normal cells are made up of diploid cells. Tumors can main-
tain normal diploid cells or can be aneuploid. Numerous 
studies show that nondiploid tumors have a worse prognosis 
and correlate with more advanced Dukes’ stage.41

Spreading Patterns

Colon cancer can spread via a variety of pathways. Spread 
can be local or distant based on these pathways.
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Intramural Spread

Intramural spread is tumor spreading along the bowel wall 
either proximally or distally in one of the bowel wall layers. 
Like rectal cancers, colon cancer rarely spreads this way. In 
a study of 42 colorectal cancers of which 64% were colonic, 
the maximum extent of intramural spread was 2 cm.42 This 
supports the practice of excising 5 cm or more of colon on 
either side of a tumor to decrease the risk of anastomotic 
recurrence.43

Transmural Spread

As they become more advanced, colon cancers invade the 
colonic wall. Almost all colon cancers start as a mucosal 
lesion and then penetrate a variable degree into deeper layers 
of the colonic wall. This colonic wall invasion is the basis 
of many of the currently used staging systems including 
the Dukes’ and TNM. Transmural spread is the mechanism 
that produces T4 tumors. T4 tumors penetrate full thickness 
into the colonic wall and then by direct extension or adher-
ence, invade into other structures in proximity to the primary 
tumor. When present, en bloc resection is mandatory for an 
R0 resection. Preoperative evaluation can sometimes predict 
adjacent organ involvement, but often it is an intraoperative 
finding.

Margins

The acceptable bowel wall margins are dictated by three 
issues: First, thickness of penetration of the bowel wall mar-
gin and the risk based on the distance of local tumor spread 
intramurally. As described above, colon cancer rarely invades 
proximally or distally along the bowel wall for more than 
2 cm. Convention has led to the recommendation that proxi-
mal and distal margins be a minimum of 5 cm. It has been 
stated that the “ideal extent of a bowel resection is defined 
by removing the blood supply and the lymphatics at the level 
of the origin of the primary feeding arterial vessel.43” These 
other two factors may modify the length of the proximal and/
or distal margins as further resections may be required due 
to these issues.

Radial Margins

The circumferential margins are important to both colon and 
rectal cancer, but most series and studies have been confined 
to rectal cancers. It has been shown that positive circum-
ferential margins in rectal cancer are associated with local 
recurrence rates as high as 85%.44 In colon cancer the radial 
margins are less important with the exception of T4 tumors 
where en bloc resection is required. Typically for colon can-
cer the only radial margin which may be involved in a tumor 
less then T4 are those tumors with serosal involvement.  

In 279 patients with colon cancer, serosal involvement was 
not associated with a poorer outcome, and outcome was 
related only to tumor stage.45

Transperitoneal/Implantation

Tumors with serosal involvement can shed viable tumor 
cells which can spread throughout the peritoneal cavity and 
implant on a variety of structures. Most commonly tumors 
will implant on the ovaries, omentum, serosal or peritoneal 
surfaces. When widespread, this is known as carcinomato-
sis. When localized to the ovaries, which occurs in 3–5% of 
patients, bilateral oophorectomy should be performed. In a 
recent series, 86% of patients with ovarian metastases had 
transmural extension of the primary colon cancers.46

Lymphatic

Lymphatic invasion is the most common mechanism lead-
ing to metastatic disease. Lymphatics exist within the colonic 
wall and lymphatic invasion correlates with the depth of pen-
etration of colon cancers. T1 tumors have a risk of lymph 
node involvement up to 9%, T2 up to 25% and T3 up to 45%. 
Most currently used staging systems assign increased stage to 
increasing T stage and lymph node involvement and progno-
sis correlates with the overall stage. The lymphatic drainage 
goes along the venous drainage of the colon, ultimately cours-
ing through the portal vein and into the liver. Metastatic liver 
disease is felt to occur typically due to lymphatic spread.

Hematogenous

Hematogenous spread of colon cancer is less common than 
lymphatic spread. Hematogenous spread will bypass the 
liver and allow tumor cells to go peripherally into the sys-
temic circulation. This is thought to be the mechanism for 
the development of pulmonary metastases.

Metastatic Evaluation

Once diagnosed with colon carcinoma, a search for meta-
static disease is often performed. This assessment includes a 
variety of imaging studies, laboratory tests, and endoscopic 
procedures.

Detection and Management of Synchronous 
Lesions

Synchronous polyps and cancers occur in patients with 
colon cancer. Most colon cancers are diagnosed by colonos-
copy and the remainder of the colon is evaluated at the same 
time by colonoscopy. However, if an obstructing lesion is 
noted that will not allow a colonoscope to pass, evaluation 
of the more proximal colon may be jeopardized. Alternatives 
to evaluating the remainder of the colon in these instances 
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include contrast enemas, CT colonoscopy, or intraoperative 
colonoscopy at the time of resection. In a series of 158 patients 
with incomplete colonoscopies, barium enema was used to 
examine the remainder of the colon. Six lesions greater than 
1 cm were identified with five of six being proximal can-
cers or advanced adenomas.47 CT colonoscopy was used in  
34 patients suspected of colon cancer with incomplete colo-
noscopies. CT colonoscopy identified all primary and three 
synchronous tumors proximal to the primary tumor.48

More recently, the combination of PET/CT colonography 
was used to evaluate the colon proximal to obstructive colon 
cancer in 13 patients previously diagnosed with colorectal 
cancer by standard colonoscopy. PET/CT colonography was 
performed to evaluate both the proximal colon as well as to 
identify metastatic disease. PET/CT Colonography identi-
fied the 13 primary tumors, two synchronous tumors proxi-
mal to the obstructions, and metastatic lung and liver disease 
in two and four patients respectively.49

When a colon cancer is diagnosed by colonoscopy, syn-
chronous cancers occur in 6% or less of patients. When 
present, it should raise the suspicion of HNPCC which is 
associated with synchronous colon cancer. When synchro-
nous colon cancer is diagnosed, the treatment should include 
a subtotal colectomy.

Distant Metastatic Disease

Distant metastatic disease associated with colon cancer is 
almost always either liver or lung metastases. Although bone, 
brain, and other organ involvement can occur, it is rare and 
therefore the search for these metastases in an asymptomatic 
patient is unwarranted. The search for liver and lung metas-
tases can be accomplished by a variety of imaging studies 
including; ultrasound, CT scan, MRI, CXR, and PET scans. 
Each test has different abilities, availabilities, and costs.

Liver Metastases

An easily available test for the evaluation of the liver for 
metastases is surface ultrasound. Surface ultrasound is avail-
able in almost all institutions, however, its accuracy com-
pared to newer modalities is lower in studies comparing it to 
CT and liver scans.50,51

CT scan is the most commonly employed method to pre-
operatively and postoperatively determine the presence or 
absence of liver metastases associated with colon cancer. 
There are numerous advantages to cross sectional imaging 
such as CT over US and include the ability to find abdominal 
wall or contiguous organ invasion as well as liver metastases. 
Standard CT scan is 64% sensitive in identifying liver lesions 
greater than 1 cm. MRI of the liver has been poorly studied and 
is not typically utilized in the evaluation of liver metastases.

Lung Metastases

Lung metastases occur in 3.5% of patients with colon can-
cer52; there are limited data on the utility of plain chest 

radiographs or CT scans in the initial evaluation of the lungs 
for metastatic disease. CT scan clearly has advantages over 
plain radiographs and can identify and characterize lung 
pathology better than plain X-rays. Given that most patients 
will undergo CT imaging of the abdomen prior to surgical 
intervention, the addition of imaging of the chest via CT 
seems reasonable. One must be careful about the amount of 
intravenous contrast when simultaneously scanning multiple 
regions such as chest, abdomen, and pelvis.

PET Scans

PET scans were initially approved only for patients with sus-
pected metastatic disease and not for the use in primary stag-
ing of colon cancer. More recently with increased experience 
as well as the combination of PET & CT scans as well as 
further combinations with CT colonography, their roles in 
determining if any metastatic disease exists at the time of 
initial diagnosis are increasing.

Most commonly, PET scans involve the IV administra-
tion of a glucose analog, 18F-flourodeoxyglucose (FDG). 
This glucose analog is preferentially taken up and trapped 
by tumor cells making those areas with trapped FDG show 
up brightly on PET scanning. Due to the lack of spatial reso-
lution, the specific anatomic locations of the lesion(s) are 
difficult. Therefore combinations of PET with CT allow 
for precise spatial correlation and location with abnormally 
identified areas on PET. There are few publications support-
ing PET or PET/CT for initial staging of colon cancer, but 
there are initial rectal cancer for staging.

A recent meta-analysis was reported in 2005 using 61 
published studies comparing CT, MR, and PET for the diag-
nosis of liver metastases in colorectal cancer.53 Compari-
sons of nonhelical and helical CT, 1.5 T MR and FDG-PET 
showed sensitivities of 60.2, 64.7, 75.8, and 94.6%. FDG-
PET had a significantly higher sensitivity compared to the 
other studies.

Response to Potential Chemotherapy

Recent publications and clinical trials have shown that 
patients with metastatic colorectal cancer benefit from treat-
ment with monoclonal antibodies to EGFR. Monoclonal 
antibodies to EGFR include cetuximab, panitumumab, and 
the more commonly used bevacizumab. Patients with KRAS 
mutations at codon 12 or 13 do not appear to benefit from 
this therapy. It is therefore important to determine if patients 
have KRAS mutations so that expensive therapy and ineffec-
tive therapy is not given. Patients without KRAS mutations 
are known as wild type KRAS whereas those with mutations 
are considered abnormal. Multiple methods exist to deter-
mine KRAS mutations including PCR and Direct Sequenc-
ing. A recent Provisional Clinical Opinion by the American 
Society of Clinical Oncology about testing for KRAS gene 
mutations was published in 2009.52
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Other markers that may predict the response to anti EGFR 
therapy include mutations of BRAF, PIK3CA, or loss of 
PTEN expression.54

Thymidylate synthase (TS), an enzyme required for DNA 
synthesis and targeted by competitive inhibition by 5FU 
based chemotherapy can now be measured. It is measured 
by either IHC or RT-PCR, but it is unclear as to which is the 
more reliable method. Elevated levels of TS in tumor cells 
are associated with resistance to 5FU based chemotherapy.55
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Surgical Management of Colon Cancer
Matthew Mutch and Christina Cellini

Introduction

All colorectal cancer develops from a single transformed cell 
which ultimately grows large enough to present as a macro-
scopic lesion involving the lumen of the bowel. The stag-
ing of colorectal cancer is most dependent upon the depth 
of penetration of the bowel wall and the involvement of 
regional lymph nodes. An increasingly wide variety of puta-
tive molecular markers for aggressiveness and metastatic 
potential have been analyzed; however, the two most impor-
tant prognostic indicators remain the degree of bowel wall 
invasion and status of the lymph nodes. This fact has lead to 
the continued importance of adequate locoregional oncolog-
ical principles when performing curative resections of colon 
cancer. The purpose of this chapter is to primarily address 
issues directly related to the safe and oncologically sound 
methods of performing a curative resection of a colonic car-
cinoma. Important and related issues, such as clinicopatho-
logic staging systems, the role of adjuvant or neoadjuvant 
treatments, and molecular markers are addressed in detail in 
other sections of this text.

Preoperative Preparation

Effective preparation of the patient requiring a colonic resec-
tion for colon cancer requires knowledge of the patient’s 
physiologic status, tumor location, and clinical stage.

A variety of scoring systems are available for grading 
operative risk of surgical patients. The most widely applied 
scoring system is the American Society of Anesthesia 
(ASA) score;1–4 however, this tool only provides informa-
tion regarding the risk of an anesthesia complication given 
a certain physiologic status.1,2 An alternative tool is the 
POSSUM and the modified p-POSSUM which include 
the additional risks related to underlying nutritional status 
and the performance of a colectomy.3–5 Recent studies have 
found that POSSUM and P-POSSUM overpredict mortal-
ity in colorectal cancer patients undergoing elective surgery 

and underpredict mortality in the elderly patients and those 
undergoing emergency cases.6 This has led to the develop-
ment of a colorectal specific POSSUM (CR-POSSUM) 
score.7 CR-POSSUM differs from the previous scoring sys-
tems in terms of number and type of physiologic and opera-
tive measures. Multicenter and single center analyses have 
shown that CR-POSSUM is an accurate predictor of mortal-
ity in colorectal cancer surgery in the UK and the USA.8–11 
These tools, while of limited specificity for the individual 
patient, do provide an estimation of the relative risks for 
both the patient and the entire surgical team. Additional dis-
cussions are presented in Chap. 8.

Localization of the tumor and its histopathology are impor-
tant in selecting an operative plan and the optimal resection 
margins. The presence of a lesion at watershed areas of vascu-
lar supply may require a more extensive resection of the colon. 
In addition, information consistent with the Hereditary Non-
Polyposis Colon Cancer Syndrome [(HNPCC) – right-sided 
lesion, Crohn’s like inflammatory response, young patient, 
family history] would support resection of the entire abdomi-
nal colon rather than a segment. This diagnosis may also be 
supported by special stains of the biopsy specimen which dem-
onstrate microsatellite instability, the hallmark of the disease.

Colonoscopy is widely used today and represents the opti-
mal means of detecting a cancer, identifying its location, 
providing histopathologic material, and tattooing for intraop-
erative localization when required. Precise localization of the 
lesion with ink tattooing is paramount in the era of laparos-
copy since manual palpation is not possible. The lesion should 
be inked in three separate areas around the circumference of 
the colon wall distal to the lesion. A second option is to place 
endoscopic mucosal clips distal to the lesion and obtain an 
abdominal radiograph in the recovery area. The clips can be 
seen on the X-ray and anatomically localize the lesion. Con-
trast enema is another means of localizing the lesion anatomi-
cally. Computer tomography (CT) allows the localization of 
larger lesions, identification of local organ invasion, and pro-
vides important staging information regarding the presence 
of extracolonic disease, particularly liver involvement.
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The preoperative detection of distant metastasis can influ-
ence the initial management of a colorectal cancer patient. 
Computed tomography is the most widely used imaging 
modality to screen for liver metastasis because of its avail-
ability and relative low cost compared to positron emission 
tomography (PET). However, combined PET/CT imaging 
appears to provide the most accurate detection of liver metas-
tasis (PET alone 93%, CT alone 92%, and PET/CT combined 
97%).12 It is unknown at this time if this increased accuracy 
has any impact on the management of those patients. The 
PET scan has a role in detecting recurrent disease or extrahe-
patic disease when evaluating a patient for surgical resection 
of the local recurrence or liver metastasis.

Bowel preparation has historically been considered an 
essential component of the preoperative preparation of the 
patient. Mechanical cleansing combined with oral antibiotics 
reduces the concentration of aerobic and anaerobic bacteria 
within the colon and decreases the incidence of wound infec-
tion from 35 to 9%.13–15 However, more recent prospective 
randomized studies have questioned the additional benefit 
of luminal preparation, compared to the use of appropriate 
intravenous antibiotics administered in a timely manner. A 
meta-analysis by Bucher et al.16 reviewed 565 patients with a 
mechanical bowel preparation versus 579 without a prepara-
tion. Interestingly, all but one study demonstrated a higher 
anastomotic leak rate in the mechanical prep group with an 
odds ratio of 1.8.17,18 Other surgical site infectious compli-
cations were also more frequent in the mechanical prepara-
tion group. More recently, Slim et al.19 reported an updated 
review and meta-analysis of randomized controlled trials of 
patients. They found no difference between the groups for 
anastomotic leak rate or the incidence of pelvic or abdominal 
abscess. There was a slightly higher risk of deep abdominal 
abscess with no bowel preparation; however, given that the 
number needed to have a complication was greater than 300 
patients, they concluded that this risk did not seem to be clin-
ically relevant. The study did not confirm the harmful effect 
of mechanical bowel preparation suggested in the previous 
studies.16,20,21 While there is not enough data to make recom-
mendations for the use of bowel preparation in rectal surgery 
with low anastomosis, the authors conclude that the routine 
use of mechanical bowel preparation should be abandoned.

Surgical Technique

Surgery remains the mainstay for the treatment of colon 
 cancer. The 2000 National Cancer Institute issued guidelines 
for the surgical management of colon cancer.22 They stated 
that the principles of an oncologic resection were a wide 
mesenteric resection achieved by ligating the feeding artery 
at its origin with adequate distal and proximal margins. They 
recommend that a minimum of 12 lymph nodes should be 
examined. There are several studies that support a survival 
benefit for patients who have 12 or more lymph nodes exam-
ined after surgical resection. This benefit most likely occurs 

for two reasons. First, the greater number of lymph nodes 
 examined increases the accuracy of the final pathologic 
staging, a phenomenon known as stage migration.23 Second, 
there is clearly an oncologic benefit to a radical mesenteric 
resection, where all involved lymph nodes are resected.24

Right Colectomy

The patient is placed supine on the operating table. If lapa-
rotomy rather than a minimally invasive technique is chosen, 
a vertical midline incision is made sufficiently long to allow 
complete visualization of the operative field. A self-retaining 
retractor should be placed so as to allow the entire surgical 
team free hands to conduct the surgical procedure. After the 
incision is fashioned, a thorough examination of the abdomi-
nal and pelvic contents should be performed. Particular atten-
tion should be paid to potential metastatic sites, especially 
the liver. The increasing access and familiarity with intra-
operative ultrasound has demonstrated the superiority of liver 
assessment with this modality compared to clinical exam or 
CT.25 In the female patient, the ovaries should be examined not 
only for metastatic deposits, but also for primary neoplasms. 
The resectability of the tumor should be assessed with mini-
mal manipulation of the lesion. It is important to determine if 
disease is adherent to adjacent viscera which should then be 
included as an en bloc resection. It is rare that a right-sided 
tumor is unresectable, however, extensive involvement of the 
vena cava, superior mesenteric artery, or the pancreas may 
dictate a palliative resection or bypass procedure.

The key to an oncologically safe and effective resection of 
a colon cancer requires clear lateral margins, resection of the 
locoregional lymph node bearing mesentery for both cure 
and staging, and performance of an accurate and well-vas-
cularized anastomosis.

A right-sided hemicolectomy begins by gaining access to 
the retroperitoneum. This maneuver can be accomplished 
via four different approaches. First, there is the traditional 
lateral to medial mobilization begun by incising the lateral 
peritoneal attachments of the colon. Second, a posterior 
approach (Figure 41-1) enters the retroperitoneum by reflect-
ing the small bowel to the right upper quadrant and incis-
ing the peritoneum under the small bowel mesentery from 
the fourth portion of the duodenum to the cecum. Third, the 
superior approach enters the retroperitoneum by opening the 
lesser sac and incising the peritoneum at the hepatic flex-
ure. Finally, with the medial to lateral approach, the ileocolic 
pedicle is grasped and elevated. The peritoneum on the cau-
dal side of the pedicle is incised and the retroperitoneum is 
entered. Regardless of how the retroperitoneum is accessed, 
the principles of the resection are the same. The right colon 
mesentery is elevated off the retroperitoneum and the duo-
denum is identified. The lateral attachments are incised and 
the hepatic flexure is fully mobilized. For cancer opera-
tions, it is best to resect the omentum with the specimen, 
so when entering the lesser sac, the lesser omentum or gas-
trocolic attachments are divided. The ileocolic (Figure 41-2) 
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and right or hepatic branch of the middle colic vessels are 
ligated at their origins. The terminal ileum should be divided 
10–15 cm proximal to the ileocecal valve to allow for good 
vascular supply (see Figure 41-3 for extent of resection). The 
transverse colon is divided just to the right of the main trunk 
of the middle colic artery. The ileocolic anastomosis can be 
fashioned according to the desire of the operating surgeon. 
The authors prefer to divide the ileum and colon with linear 
staplers and perform a functional end-to-end anastomosis 
by anastomosing the antimesenteric surfaces of the bowel 
 segments with a linear stapler and closing the remaining 
colostomy with a linear stapler or sutures.

Extended Right Colectomy

An extended right colectomy should usually be performed 
for any lesion involving the transverse colon. This procedure 
once again should achieve complete resection, lymph node 
clearance, and most importantly two optimally vascularized 
bowel segments for anastomosis.

The operation proceeds in similar fashion as the right 
colectomy described above. However, rather than proceed-
ing through the transverse colon mesentery to ligate and 

Figure 41-1. The drawing demonstrates the incision made at the 
root of the right colon mesentery just caudal to the third portion of 
the duodenum to the right of the superior mesenteric artery.

Figure 41-2 The vessel(s) is elevated off the retroperitoneum and a 
proximal ligation is performed at the origin of the superior mesen-
teric artery. The surgeon’s finger is used to demonstrate the vascular 
origin for accurate placement of the ligation.

Figure 41-3. The drawing demonstrates the appropriate levels for 
vascular ligation and colonic transition for a right hemicolectomy. 
Notably, the transverse colon is divided just to the right of the main 
trunk of the MCA, although the right branch of the MCA may be 
taken, if required. The middle colic vessels are demonstrated and 
may be ligated during the performance of an extended right hemi-
colectomy. This leaves the descending colon in place supported by 
the left colic artery.
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divide the right branch of the middle colic artery, dissection 
continues in the retroperitoneal plane to identify the main 
middle colic arterial trunk anterior to the pancreas. This ves-
sel is ligated and divided. The right colon is then mobilized 
medially as before, and the lesser omentum is divided along 
the entire transverse colon. The splenic flexure is released 
and the bowel with its mesentery is divided just proximal 
to the left colic artery which is preserved for right-sided 
lesions. The left colic may be sacrificed for left transverse 
colon lesions, where a more distal colonic anastomosis is 
desired. The ileocolic anastomosis is then constructed based 
upon surgeon preference.

Left Colectomy

The left colon can be mobilized in either a lateral to medial 
or medial to lateral approach. For the lateral to medial 
approach, the small bowel is packed to the right upper quad-
rant. The lateral peritoneum from the sigmoid colon to the 
splenic flexure is incised. The left colon mesentery is ele-
vated off the retroperitoneum, so the left ureter is exposed 
and the colon and its mesentery are brought to the midline. 
This allows the inferior mesenteric artery to be ligated at 
its origin at the aorta and the inferior mesenteric vein to be 
ligated near the ligament of Treitz and the inferior border of 
the pancreas. For the medial to lateral approach, the small 
bowel mesentery is mobilized to the right upper quadrant to 
expose the origin of the inferior mesenteric artery located 
just caudal to the third portion of the duodenum. The supe-
rior rectal artery is grasped at the level of the sacral prom-
ontory, the peritoneum is incised, and the retroperitoneum 
is entered. The left ureter is reflected into the retroperito-
neum and the IMA is traced up to its origin. A window 
is then created on the cephalad side of the artery, medial 
to the IMV, and the artery is then ligated. The inferior 
mesenteric vein is ligated at the base of the pancreas. The 
mesentery is elevated off the retroperitoneum toward the 
abdominal wall and the lateral attachments are then incised 
(Figure 41-4). For either approach, the splenic flexure is 
mobilized by separating the omentum from the transverse 
colon. This completely opens the lesser sac and allows the 
posterior attachments to the inferior border of the pancreas 
to be divided. The bowel is transected with at least a 5 cm 
proximal margin and the distal site of resection on the top 
of the rectum.

The authors’ preference is to perform an end-to-end cir-
cular stapled anastomosis, after dividing the rectosigmoid 
junction with a linear stapler or purse-string suture. A leak 
test with air insufflation of a submerged anastomotic seg-
ment should be performed in all cases.

Resection of proximal left colon lesions may require 
division of the middle colic artery to allow the right trans-
verse colon to reach the rectal stump for an anastomosis. 
However, an extended right colectomy and ileosigmoid 

or ileorectal anastomosis may be preferable if there is any 
concern related to the blood supply. Another alternative is 
to perform a retroileal right colon to rectum anastomosis 
if maintenance of the right colon is desired (Figure 41-5). 
Once again the type of anastomosis is left to the discretion 
of the surgeon.

Total Abdominal Colectomy with Ileorectal  
Anastomosis

This procedure should be applied to circumstances, where 
the patient has been diagnosed with HNPCC, attenuated 
Familial Adenomatous Polyposis, metachronous cancers in 
separate colon segments, and frequently in acute malignant 
distal colon obstructions with unknown status of the proxi-
mal bowel. The access to vascular supply and mesenteric dis-
section has been described above. The terminal ileum should 
be sufficiently mobilized to allow easy reach to the rectum. 
The authors prefer a circular stapled end-to-end anastomotic 
technique.

Figure 41-4. The small bowel mesentery is mobilized to the right 
upper quadrant to expose the origin of the IMA located just caudal 
to the third portion of the duodenum (see figure). An incision run-
ning along the base of the left colic and sigmoid mesentery from 
the sacral promontory to the ligament of Treitz, exposes the aorta, 
bifurcation of the common iliac arteries, and IMA vein. The IMA is 
ligated and divided proximal to the take-off of the left colic artery. 
The left branch of the middle colic vessels requires ligation and 
division for a formal left colectomy.
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Special Circumstances

Laparoscopic Colon Resection for Cancer

The application of laparoscopic techniques has been used 
in colorectal surgery for more than 15 years. However, it is 
only since the publication of the multicenter prospective ran-
domized COST trial results in 2004 that it has been widely 
applied to the management of colorectal cancer.26 The first 
publication from the COST trial focused on the quality of 
life.27 It demonstrated many of the short-term benefits of 
laparoscopy, such as faster return of bowel function, shorter 
length of stay, and less narcotic use, but there was minimal 
short-term quality of life benefit with laparoscopy. In 2004, 
the 3-year oncologic results were published.26 The study was 
designed as a noninferiority study and was not designed to 
demonstrate that laparoscopy was better. The overall survival 

was equivalent between the laparoscopic and open groups. 
Additionally, there was no difference in survival or recur-
rence for any stage of cancer. Port site recurrences were not 
an issue in this study, which has put this controversial issue to 
rest. These results have held up through the 5-year follow-up 
period.28 Furthermore, it was demonstrated that conversion 
did not have a negative impact on the oncologic outcome of 
these patients.

The findings of the COST trial have been confirmed by 
at least two additional international, multicenter, prospective 
randomized trials on laparoscopy versus open colectomy for 
cancer. In 2007 and 2009, the 3-year follow-up results from 
the UK CLASICC and the European COLOR trials were 
published.29,30 Both studies reported equivalent survival and 
recurrence rates stage for stage for laparoscopic and open 
colectomy for colon cancer. The CLASICC trial included 
the quality of life measures and once again found no differ-
ence between laparoscopic and open colectomy. Both trials 
demonstrated that a significant learning curve is associated 
with laparoscopic colectomy. The CLASICC trial saw the 
conversion rate fall from 38% in year 1 to 16% in year 6 
of the study.31 Similarly, the COLOR trial found that case 
volume impacted many of the parameters of the study. High 
volume centers (>20 cases/year) had shorter  operative times, 
fewer conversions, and fewer complications than medium 
volume (10–20 cases/year) and low volume (<10 cases/
year) centers.30 Therefore, with adequate experience, lap-
aroscopic colectomy for right- or left-sided colon cancers 
is safe and provides similar outcomes to open colectomy. 
There  currently is no data regarding laparoscopic resection 
of transverse colon cancers.

Acute Obstruction

Acute colonic obstruction produces dilated bowel with 
a large amount of fecal loading proximal to the blockage. 
The associated bacterial overgrowth coupled with possible 
impairment of blood flow in the proximal bowel has been the 
primary factors that have classically dictated resection and 
proximal diversion. Lee et al.32–36 compared left- and right-
sided resections managed by primary anastomosis and found 
similar leak rates (left-6.9% vs. right-5.2%) or mortality 
rates (left-8.9% vs. right-7.3%). On-table colonic lavage has 
been advocated as an alternative means of dealing with the 
obstructed colon. A number of cohort studies have demon-
strated the safety and efficacy of this approach for avoiding a 
colostomy without increasing leak rates (<5%) or sepsis.34–36 
Another approach to protect at-risk anastomoses has been 
omental wrapping. A large prospective randomized trial by 
Merad et al.37 did not demonstrate any significant difference 
in anastomotic leak rates or the sequelae of those leaks. The 
success of managing these patients without a need for colos-
tomy depends upon the amount of colonic and small bowel 
distention and the physiologic state of the patient.

Figure 41-5. An alternative method of reconstruction that  preserves 
the right colon is a retroileal right colon to rectum anastomosis. This 
is performed by swinging the fully mobilized colon in a counter-
clockwise direction down into the pelvis to place the cut edge of the 
right colon mesentery across the pelvic brim.
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More recently, endoscopically placed self expanding metal 
stents have been used to manage patients with malignant large 
bowel obstruction. Emergency surgery is associated with 
operative mortalities as high as 23% and a reduced quality of 
life.38–40 Colonic stenting can serve as a bridge to elective sur-
gery converting an emergency procedure into an elective one 
in patients with operable cancers.41 Recent large reviews 
have reported technical and clinical success rates of over 
90% for stenting.42,43 Complications of the procedure include 
stent migration, blockage, and perforation although migra-
tion and blockage is not as big a concern if elective surgery 
is to follow shortly after the resolution of obstruction and 
optimization of medical comorbidities. Nonrandomized tri-
als have shown that stenting used as a bridge to surgery helps 
reduce postanastomotic leak rates, reduces wound infection 
rate, decreases in-hospital length of stay and has comparable 
survival rates to emergency resections.44–46 Other advantages 
include opportunity for preoperative visualization of the 
entire colon prior to surgery as well as avoidance of stoma 
creation as the majority of patients do not achieve stoma clo-
sure after a Hartmann’s procedure.47 Stenting has been used 
largely for left-sided lesions; however, some studies have 
shown success with stenting lesions proximal to the splenic 
flexure with better postoperative outcomes when compared 
to emergency surgeries.48 Stenting is therefore feasible over 
the entire colon except the lower rectum because of pain and 
tenesmus. The presence of a stent does not seem to compro-
mise a laparoscopic approach.39,41,49,50 The wider application 
of this treatment option warrants further studies.

Prophylactic Oophorectomy

The debate continues regarding the relative risks and ben-
efits of a prophylactic bilateral oophorectomy in women 
with colon cancer. The potential benefits are the removal of 
an ovary seeded by colon cancer cells which manifests as a 
delayed metastatic site and the reduction in the risk of pri-
mary ovarian cancer in this age group. The data are limited 
for both issues. The risk of micrometastatic implants in the 
ovary increases with tumor stage and approaches 10%.51,52 
A comparison of cohorts of women with and without pro-
phylactic oophorectomy could not demonstrate a survival 
advantage, but a 3.2 vs. 0% risk of primary ovarian cancer in 
survivors with ovaries not resected was noted.53

Colon Cancer and Abdominal Aortic Aneurysm

This is a frequently employed line of questioning in board 
examinations; however, the best answer is not available 
based upon incontrovertible evidence. In fact, a survey of 
general surgery program directors revealed that the vascu-
lar surgeons preferred to repair the aneurysm first, whereas 
the nonvascular surgeons preferred colectomy.54 The pri-
mary risk is that performing either operation first may cause 
complications that significantly delay the second procedure. 

The risk of performing a colectomy synchronously with the 
placement of graft material is a graft infection; however, this 
risk does not appear excessive based upon the small data sets 
available.55–57 Probably, the best guidance suggests that any 
aneurysm >6 cm should be repaired first or synchronously 
with the removal of a colon cancer to avoid the risk of rup-
ture.58 The advent of endovascular repairs, when feasible, 
has greatly impacted the management of synchronous colon 
neoplasms and abdominal aortic aneurysms. The aneurysm 
and cancer can be addressed in either a staged fashion (endo-
vascular repair followed by colectomy within the next couple 
of days) or synchronously under a single anesthetic, and this 
is being increasingly supported by the literature.59,60

Management of Colon Cancer and Liver  
Metastases

The potential benefit of simultaneous colectomy and hepa-
tectomy is the avoidance of two laparotomies and possible 
reduction in operative risk. Conversely, delayed manage-
ment of colonic hepatic metastases offers the ability to accu-
rately stage patients and avoid the risk of hepatectomy in 
a group of patients who prove to have more widely meta-
static disease in several months. The risks of simultaneous 
colectomy and hepatectomy do not appear to be excessive in 
select patients operated by expert groups61–63 and long-term 
survival rates seem to be similar.64 However, the risks may 
be less with smaller nonanatomic liver resections coupled 
with right colectomy. In the situation where liver metastases 
are unresectable, recent studies suggest that upfront chemo-
therapy without prophylactic resection of the primary tumor 
is appropriate.65 In addition, up to 16% of previously unre-
sectable patients can be downstaged and eventually undergo 
curative resection with as high as 40% 5-year survival.66,67

The role of resection of the primary tumor in patients with 
unresectable liver metastases is debatable. About 70% of 
patients diagnosed with Stage IV colorectal cancer in the USA 
during the last two decades underwent primary tumor resec-
tion as their initial treatment.68 Studies have shown that 
resection of with primary lesions is safe, provides good local 
control, and allows the patient to proceed to adjuvant therapy 
in a timely fashion.69–71 In addition, some retrospective data 
suggest that noncurative resection of asymptomatic colorec-
tal primary tumors may prolong survival when compared to 
nonresected patients.72–74 Median survival in these studies 
ranged from 11 to 16 months in resected groups versus 2–9 
months in the unresected groups. Other studies, however, 
have not reported a survival benefit.75,76 Local complications 
caused by primary tumors left in situ may prompt surgeons 
to opt for preemptive resection. In a recent study, Poult-
sides et al.65 retrospectively studied 233 patients with syn-
chronous stage IV colorectal cancer who received up front 
chemotherapy. They found that only 7% of these patients 
required surgical palliation for their intact primary tumor. 
Previous studies have noted a 9–29% need for operative 
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intervention due to tumor-related complications.72,77–79 In the 
era of improved chemotherapeutic agents and multimodality 
treatment, patients with metastatic rectal cancer are achiev-
ing significant improvements in outcomes and can now be 
approached with curative intent. When metastatic disease is 
not resectable, upfront chemotherapy without resection of 
the primary lesion may be a reasonable approach although 
as patients live longer with disease, the need for palliative 
surgical intervention may increase.

Sentinel Node Assessment

Sentinel node assessment was first described as a means of 
improving staging and treatment for melanoma patients and 
is currently considered the standard of care for breast can-
cer patients.80,81 Saha82 described the application of sentinel 
node identification for colorectal cancer patients with the 
proposed benefit of a high rate of node identification and 
pathologic upstaging. The technique involves either in vivo 
injection of 0.5–1 cc of isosulfan blue dye subserosally at the 
periphery of the tumor (node visualization within 30–60 s), 
or ex vivo injection of 1–2 cc in a similar fashion after the 
bowel has been resected.83 Subsequent evaluation of the 
technique, including some modifications, has demonstrated 
a false negative rate approaching 60%, and limitations have 
been noted in rectal cancers.84–86

There are several concerns which restrict routine imple-
mentation of sentinel node assessment in colorectal cancer. 
First, there is no consensus of opinion regarding the prognos-
tic significance of micrometastatic lymph nodes in colorectal 
cancer, particularly those identified by immunohistochem-
istry or PCR.87–90 Second, the relatively high false negative 
rates and/or lack of node visualization mentioned previously, 
limit the confidence in restricting microsectioning and the 
use of special stains to the group with stained nodes. Finally, 
there is limited data that the technique is sufficiently accu-
rate to alter the extent of surgical resection in a reasonable 
number of patients. Before sentinel node assessment can be 
routinely recommended, two hurdles must be overcome: (1) 
provision of incontrovertible evidence that micrometastatic 
disease identified by any technique correlates with survival; 
and (2) that the survival rates can be favorably impacted by 
an adjuvant chemotherapy regimen.

Outcome of Colectomy for Colon Cancer

In general, the operative outcome and long-term survival fol-
lowing colon cancer resections parallels the American Joint 
Committee on Cancer staging system (I: well above 90%; II: 
65–90%; III: 45–75%) which may be modulated by adjuvant 
chemotherapy.91–93 The risk of locoregional recurrence fol-
lowing colectomy is a rare occurrence and should be below 
5%.94,95 However, the impact of the surgeon’s experience and 

the expertise of the institution have recently been found to 
have a profound effect on outcome. High volume surgeons, 
particularly those at high volume institutions have demon-
strated significantly lower perioperative complications and 
improved survival after colectomy for colon cancer.96–98

In addition to experience, the overall surgical approach to 
the management of margins and extent of resection has a 
significant effect on outcome after colon cancer resection. 
Although not clearly defined, it is generally agreed that 5 cm 
proximal and distal bowel margins are sufficient to allow 
resection of mural tumor spread. Grinnell originally evalu-
ated the patterns of mural spread of tumor in the colon via 
lymphatics and found no instance of spread greater than 4 cm 
in the most advanced cases.99 More recent data would sug-
gest that mural tumor migration is rarely greater than 2 cm 
either proximal or distal to the palpable tumor edge.100 Simi-
larly, there is no need to resect any specific amount of ter-
minal ileum, other than defined by vascular supply as mural 
spread to the ileum is a very rare event. Vascular ligation is 
generally performed at the origin of the primary feeder ves-
sel to a colonic segment. For resection of the right colon and 
transverse colon, the debate is relatively moot due to the con-
straints of the arterial origin of the right colic and middle colic 
arteries. Ligation for left-sided resections has been debated, 
primarily in sigmoid or anterior resections as ligation of the 
inferior mesenteric artery may be performed at the aorta, 
or just distal to the left colic artery takeoff. A report from 
St. Marks assessed this issue in 1,370 patients and found that 
survival was equivalent for all stages for the ligation options 
except for the most advanced node positive cases who fared 
worse with ligation at the aorta.101 This counter-intuitive 
finding was more likely related to the higher stage of patients 
identified by the wider lymphatic resection. A comparison of 
left hemicolectomy and segmental colectomy (ligation of the 
IMA vs. more distal) by the French Association for Surgical 
Research could not discern either a different survival rate 
or pattern based upon the ligation or resection performed.102 
Jagoditsch et al.92 demonstrated the benefits of careful surgi-
cal technique which resulted in a complete resection of all 
tumor (R0). Their data demonstrated an operative mortal-
ity of 1.3% and a 5-year survival rate of 71.8% for curative 
operations in Stage I–III disease.

Summary

Surgery for colonic cancer has been increasingly better 
defined and the data clearly support the benefits of wide mes-
enteric resection, clear radial margins, and resection of adher-
ent adjacent organs. The mesenteric resection is obtained by 
ligating the feeding vessel at its origin. This maximizes the 
chances that 12 or more lymph nodes are examined to allow 
for accurate staging. Attentions to surgical detail, coupled 
with improved perioperative care strategies, are essential to 
minimize operative morbidity and mortality.
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The Preoperative Staging of Rectal Cancer
Susan L. Gearhart and Jonathan E. Efron

Introduction

The classification of a newly diagnosed cancer of the rectum 
into a staging system with both therapeutic and prognostic 
applications has been the goal of pathologists and clinicians 
for the greater part of the last century. Most staging systems 
rely on the examination of the pathological specimen as well 
as information gained during surgery. Thus, they are useful 
only in the postoperative setting and have little use for the 
purpose of preoperative therapy. Cuthberg Dukes declared 
in 1932 “If it would be possible to decide the category of 
the case before operating, this would be very useful infor-
mation.”1 As the therapeutic options available for the treat-
ment of rectal cancer increase, the ability to accurately stage 
a rectal tumor preoperatively takes on greater importance. 
Accurate and reproducible preoperative staging provides 
uniformity among numerous investigative centers; specifi-
cally, those involved in adjuvant preoperative therapy trials.

The effective evaluation of a newly diagnosed rectal can-
cer should result in a determination of the need for neoadju-
vant therapy, the potential for sphincter preservation, and the 
expected quality of life following treatment. Furthermore, 
the ability to stage the tumor preoperatively permits the phy-
sician to convey more accurate information to the patient and 
the family with regards to therapeutic options and expected 
overall prognosis. However, the ability of the treating physi-
cian to make these determinants is based on the methods of 
assessment currently available. The accuracy of these meth-
ods is variable and is discussed in this chapter. The currently 
used system proposed by American Joint Committee on 
Cancer (AJCC) Staging of Squamous Cell Carcinoma (SCC) 
for staging colorectal cancer is listed in Table 20-1.

The tumor-related factors of prognostic significance which 
may be evaluated prior to the treatment of rectal cancer include 
the depth of penetration of the tumor through the rectal wall, 
the presence or absence of metastases to the regional and 
pelvic lymph nodes, and the presence of distant metastases. 

Clinicians have a variety of diagnostic tools at their disposal 
that can aid in delineating these aforementioned factors.  
The most commonly used modalities for the preoperative 
staging of rectal tumors available today are digital rectal 
examination, computed tomography (CT), endorectal ultra-
sonography (ERUS), magnetic resonance imaging (MRI), 
and positron emission tomography combined with comput-
erized tomography (PET/CT).

Local and Regional Staging

Digital Rectal Examination

Careful digital exam of rectal tumor may yield valuable 
information regarding the location and degree of fixation of 
the tumor to the sphincter muscles. Table 42-1 lists some of 
the important parameters that should be recorded during the 
DRE of a tumor. A clinical staging system based on tumor 
mobility was first established by York-Mason in 19762 and 
subsequently modified in 1982.3 In this clinical staging sys-
tem, tumor mobility is correlated with the level of tumor 
penetration in the different layers of the rectal wall. Nicholls 
et al.3 evaluated this clinical staging system and discovered 
that senior examiners had an 80% accuracy in distinguishing 
superficial tumors from deep tumors and was more accurate 
with more advanced lesions, but only a 50% accuracy in 
detecting lymph node metastasis. Therefore, the accuracy of 
DRE in staging rectal cancer was considered not dependable 
and directly proportional to the experience of the examiner. 
The use of DRE alone in the staging of rectal cancer is con-
sidered inadequate.

Endorectal Ultrasound

Endorectal ultrasound (EUS) is an outpatient procedure 
requiring only enema preparation and often no sedation or 
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anesthesia. Endoscopic assessment can occur with a rigid or 
flexible ultrasound probe. The frequency of the ultrasound 
transducer determines its focal range and ultrasonographic 
resolution. Complete circular imaging of the rectal wall can 
be obtained with the 360-degree rotating endorectal probe. 
Most investigators use a two-dimensional (2D) 7.0 or a 
10 mHz transducer which provides a five layer anatomic 
model of the rectal wall with three hyperechoic circles and 
two hypoechoic concentric circles (Figure 42-1A and B).4 
A multiplanar three-dimensional (3D) ERUS with coro-
nal, sagittal, and transverse images has more recently been 
employed to increase the accuracy of the 2D ERUS.

The accuracy of ERUS in the initial evaluation of rectal 
cancer is user dependent and variable. Mor et al.5 surveyed 
100 members of the American Society of Colon and Rectal 
Surgery (ASCRS) who were experienced in EUS. The survey 
asked members to review and stage 26 ultrasound images. 
The overall accuracy was 39–60% with 15% of tumors over-
staged and 23% understaged. The Minnesota series is one 
of the largest series published in 2002 by Garcia-Aguilar 
et al.6 These investigators reported their experience with 
1,184 patients with rectal carcinoma or villous adenoma that 
underwent ERUS. Histopathologic correlation was avail-
able for the 545 patients who had no prior radiotherapy. The 
accuracy of ERUS in assessing the level of penetration was 
only 69%, with 18% overstaged and 13% understaged. The 

accuracy was notably higher for benign lesions and for full 
thickness lesions. Lower accuracy rates occurred for T1 and 
T2 lesions. For nodal involvement, the accuracy in the 238 
patients who had radical surgery was poor, 64% with 25% 
overstaged and 11% understaged. However, a recent meta-
analysis suggests that the sensitivity and specificity for nodal 
staging in rectal cancer is 75%.7

Early studies by Hunerbein et al.8 using 3D ultrasound in 
the initial staging of rectal cancer demonstrated no  significant 
benefit between conventional ERUS or 3D ERUS. However, 
the investigators did suggested that the multiplanar effect 
of 3D imaging may be useful in planning surgery. More 
recently, Kim et al.9 demonstrated in 86 patients that the 
accuracy of 3D ERUS was 10% improved over conventional 
ERUS. This study also demonstrated that conical protrusions 
along the deep tumor border seen best on 3D images corre-
lated closely with tumor infiltration, advanced T-stage, and 
lymph node metastasis.

There are several limitations to the use of ERUS. There is 
a significant learning curve associated with the interpretation 
of the endorectal ultrasound image. Orrom and Wong et al.10 
at the University of Minnesota demonstrated an accuracy of 
75% at determining bowel wall invasion; however, during 
the last 6 months of the study, the authors showed improve-
ment with a 95% accuracy. Rafalesen et al.11 reported that the 
reader experience had a significant effect of the assessment 
of penetration of the bowel wall by tumor. When  comparing 
more experienced with less experienced radiologist, the 
accuracy for bowel wall penetration was 90% vs. 66%, 
respectively.

Overstaging tumor is common in many reported series 
because of the inability of ultrasound to differentiate peri-
rectal inflammation from tumor infiltration in the perirectal 
fat. Furthermore, the differentiation between inflammatory 
or neoplastic nodes is difficult with ERUS. Morphologic 
criteria suggestive of metastatic involvement within the 

Figure 42-1. A EUS demonstrating the five layers of the rectum. B Standard EUS of rectal tumor.

Table 42-1. Tumor characteristics to assess on digital examination

Location
Morphology
Number of quadrants involved
Degree of fixation
Mobility
Extrarectal growths
Direct continuity with other structures (vagina)
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lymph node are listed in Table 42-2. Methods to differentiate 
include further characterization of the node with ERUS or 
ERUS-guided biopsy. Hildebrandt et al.12 determined that 
hypoechoic lymph nodes represented tumor metastases, 
whereas hyperechoic lymph nodes represented inflam-
matory changes. They reported an overall accuracy rate 
of 78%. Errors in ERUS lymph node staging were attrib-
uted to micrometastases, mixed lymph nodes, and chang-
ing echo patterns within inflammatory nodes. The impact 
of ERUS-guided fine-needle aspiration of perirectal nodes 
has been investigated by Harewood et al.13 ERUS-guided 
biopsy was utilized in the preoperative staging of 80 con-
secutive patients with rectal cancer.13 In this series, FNA did 
not significantly improve nodal staging over ERUS alone. 
Based on these results and the potential risk of spreading 
cancer cells into the mesorectum, ultrasound-guided biopsy 
of enlarged perirectal nodes is not routinely used in clinical 
practice.

ERUS is difficult to perform in near obstructing lesions 
and those higher up in the rectum. Early studies by Sen-

tovich et al.14 and Senesse et al.15 reported significantly 
 better result in determining the depth of invasion of a rectal 
tumor that was within 6 cm of the anal verge as compared 
to those >6 cm from the anal verge. One suggested method 
to improve placement of the ultrasound probe to accurately 
evaluate higher tumors is by insertion of the probe with the 
assistance of a proctoscope.5 Using this method, Santoro 
et al. was able to demonstrate staging with pathological cor-
relation to an accuracy of 78.9% for tumors of the upper 
rectum.16

Magnetic Resonance Imaging

Accuracy rates for MRI in the preoperative staging of rectal 
cancer have varied according to technique. Initial experi-
ence with using body-coil MRI was poor. However, with the 
introduction of dedicated phase array coils, high-resolution 
imaging of the anorectum is possible without an intralumi-
nal coil. The main concept in the use of MRI to stage rec-
tal  cancer is to obtain high-resolution images within small 
field-of-view thin sections with fast/turbo spin echo (FSE/
TSE) T-2 weighted axial and coronal views of the rectum  
(Figure 42-2A and B).17 This method provides inherent con-
trast between the hypointense extramural component of the 
tumor and the bright  signal of the mesorectal fat. Acquiring 
images that are directly parallel or perpendicular to the tumor 
and distending the rectum with gel increase the accuracy of 
MRI on determining the depth of bowel wall invasion.

Table 42-2. Morphologic lymph node characteristics on EUS 
 suggestive of possible malignancy

Hyperechoic appearance
Round shape
Peritumoral location
>5 mm

Figure 42-2. A and B The main concept in the use of MRI to stage rectal cancer is to obtain high-resolution images within small field-of-
view thin sections with fast/turbo spin echo (FSE/TSE) T-2 weighted axial and coronal views of the rectum.
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Since its original description in 1986, multiple studies 
have evaluated the accuracy of MRI in staging rectal cancer. 
Kim et al.18 in the largest published trial to date examining 
the accuracy of MRI staging of rectal cancer, compared the 
histopathological staging with the preoperative staging in 
217 patients. The accuracy for the depth of invasion was 81% 
and for regional lymph node metastasis was 63%. Similar to 
staging of bowel wall infiltration on EUS, MRI T staging has 
been defined by Brown et al.19 (Table 42-3).

MRI identification of metastatic lymph node involvement 
has not been standardized. According to Brown et al.20 cri-
teria that are most predictable for determining lymph node 
metastasis are signal heterogeneity and an irregular border. 
Size criteria are not adequate. It is important to remember 
that in patients with rectal cancer, approximately 15% of 
lymph nodes smaller than 5 mm are positive for metasta-
sis. With the use of ultrasmall superparamagnetic iron oxide 
(UPSIO)-enhanced MRI, recent advances have been made 
in the evaluation of lymph nodes. The iron oxide nanoparti-
cle is given intravenously and is transported to the lymphatic 
system where it is picked by macrophages. The nanopar-
ticle causes a decrease in signal intensity, and therefore, 
inflammatory lymph nodes exhibit less signal intensity. 
 Initial results using this technique demonstrate up to a 93% 
sensitivity and 96% specificity for perirectal lymph node 
metastasis.21 However, larger prospective trials are needed 
to validate initial findings.

In recent years, tumor involvement of the circumferential 
resection margin (CRM) has been identified as an important 
predictor of locoregional recurrence in rectal cancer patients 
undergoing a radical proctectomy with total mesorectal 
excision (TME).22–25 Postoperative radiation is not effective 
in reducing the risk of local recurrence in patients with a 
positive CRM,26 and a curative operation in these patients 
requires either tumor downstaging by preoperative chemo-
radiation, an extended resection, or both. Consequently, the 
preoperative assessment of the relationship of the tumor 
with the fascia propria of the rectum, the CRM in patients 
treated with TME, has become upmost importance in decid-
ing the type of neoadjuvant therapy and planning the surgical 
resection. The fascia propria of the rectum is well visual-
ized by phased-array coil MRI, and several studies have  

suggested that MRI can predict with high degree of accu-
racy the distance of the tumor to the fascia propria of the 
rectum (Figure 42-3).27,28 Furthermore, due to its multiplanar 
capabilities, MRI is the most accurate imaging technique in 
assessing the relationship of the tumor with the levator plate 
and the sphincter complex. This information may be useful 
in selecting patients with low rectal cancer for a sphincter 
saving procedure.

In 2004, Bipat et al.29 reported their findings on a meta-
analysis looking at the assessment of local staging for rectal 
cancer by ERUS, MRI, and CT. Their findings demonstrated 
that ERUS proved to be the most accurate modality overall. 
However, the sensitivity and specificity of each method var-
ied greatly dependent on the depth of tumor invasion or the 
presence of lymph node metastasis (Table 42-4). The authors 
concluded from their findings suggest that MRI may result in 
overstaging of early lesions. Furthermore, this analysis did 
not show any difference in the known MR technique that 
was used in imaging (body coil alone, body coil and addi-
tional coil, unenhanced, enhance with gadolinium, low vs. 
high magnetic field). Newer studies using phase-array MR 
techniques have only shown a marginal benefit with the 
detection of lymph node metastasis (Table 42-5).30 Figure 
42-3 demonstrates a small pelvic lymph node detected on 
phase-array MR.

Table 42-3. MRI T staging as proposed by Brown et al19

MRI T stage
T1:  Low signal in the submucosal layer or replacement of the submucosal 

layer by abnormal signal not extending into circular muscle layer.
T2:  Intermediate signal intensity within muscularis propria. Outer muscle 

coat replaced by tumor of intermediate signal intensity that does not 
extend beyond the outer rectal muscle into perirectal fat.

T3:  Broad-based bulge or nodular projection (not fine speculation) of 
intermediate signal intensity projecting beyond outer muscle coat.

T4:  Extension of abnormal signal into adjacent organ, extension of tumor 
signal through the peritoneal reflection.

Figure 42-3. High resolution MRI image demonstrating an 
enlarged right pelvic side wall lymph node.
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Distant Metastases

Computed Tomography

The detection of distant metastasis is of prime importance for 
the accurate staging of rectal cancer. The most common sites 
of distant metastasis include the liver and lung. The com-
mon imaging modalities used today to detect liver metas-
tasis preoperatively is computerized tomography; however, 
MRI and PET/CT are being used more frequently. Even after 
preoperative imaging, up to one-third of colorectal cancer 
patients are found at the time of surgery to have unsuspected 
additional liver lesions or extrahepatic metastases. A recent 
meta-analysis reported by Bipat et al.31 evaluated the use of 
CT, MRI, or PET for the diagnosis of colorectal liver met-
astatsis. The investigators found that 18-fluorodeoxyglucose 
positron emission tomography (FDG-PET) was the more 
accurate method to detect liver metastasis on a per-patient 
basis. When evaluating different lesions, MR imaging at 1.5T 
and FDG-PET were comparable and significantly more  

accurate than CT. Sensitivity estimates for all imaging 
modalities studied for lesions less than 1 cm, where much 
less than for lesions ³1 cm (11.6–29.3% vs. 65.7–90.2%).

CT is universally available which makes it appealing as 
a method for local regional staging. However, CT has not 
proven to be very accurate in determining the depth of pene-
tration of the tumor through rectal wall or assessing involved 
perirectal lymph nodes metastasis. The reported accuracy 
rate of CT in determining tumor penetration through the 
rectal wall is 52–100% and in determining lymph node 
involvement is 35–70%.32–39 Newer technology, such as the 
multidetector-row computed tomography (MDRCT), may 
significantly improve the ability of CT scans to accurately 
determine the depth of invasion and lymph node metastasis 
in rectal cancer. MDRCT utilizes four detectors which result 
in a much higher resolution and better multiplanar reforma-
tion of the images. Matsuoka et al.40 compared 21 patients 
who had MDRCT to 21 patients that had MRI evaluations of 
the pelvis for rectal cancer. They reported an accuracy rate 
of 95% on the depth of invasion for MDRCT vs. 100% for 
MRI, whereas lymph node accuracy was 70% vs. 61% for 
MDRCT and MRI, respectively.

18-Fluorodeoxyglucose Positron Emission 
Tomography

At the present time, FDG-PET is primarily used for the diag-
nosis of local and distant recurrence after curative surgery 
for colorectal cancer. It is also being used with increased fre-
quency to detect distant metastasis of the time of the primary 
diagnosis of rectal cancer. FDG-PET has been shown to have 
higher sensitivity and specificity in detecting recurrent rec-
tal cancer than both CT and MRI.41,42 While sensitivity and 
specificity for diagnosing tumor recurrence are higher for 

Table 42-4. Sensitivity and specificity for EUS, CT, and MRI in the preoperative staging of 
rectal cancer

Stage Imaging modality Sensitivity % (95% CI) Specificity % (95% CI)

T2 EUS 94 (90–97) 86 (80–90)
MRI 94 (89–97) 69 (52–82)*
CT – –

T3 EUS 90 (88–92) 75 (69–81)
MRI 82 (74–87)* 76 (65–84)
CT 79 (74–84)* 78 (73–83)

T4 EUS 70 (62–77) 97 (96–98)
MRI 74 (63–83) 96 (95–97)
CT 72 (64–79) 96 (95–97)

Node Positive EUS 67 (60–73) 78 (71–84)
MRI 66 (54–76) 76 (59–87)
CT 55 (43–67) 74 (67–80)

Modified from Bipat S, van Leeuwen M, Comans E, Pijil M, Bossuyt P, Zwinderman A, Stoker J. 
Colorectal liver metastases: CT, MR Imaging, and PET for diagnosis – meta-analysis. Radiology. 
2005:237;123–31.29

EUS endorectal ultrasound, CT computed tomography, MRI magnetic resonance imaging, CI confidence 
interval.
*p < 0.05 EUS to other.

Table 42-5. Accuracy of nodal staging in preoperative evaluation 
of rectal cancer with MRI pelvic-phased array coil

References No. of patients Accuracy (%)

Ferri (2005) 29 59
Matsuoka (2003) 19 89.5
Brown (2003) 60 85
Gagliardi (2002) 26 69
Blomqvist (2000) 47 47
Kim (2000) 217 63
Hadfield (1997) 28 76

Modified from Skandarajah A and Tjandra J. Preoperative loco-regional 
imaging in rectal cancer. ANZ J Surg. 2006;76:497–504.30

MRI magnetic resonance imaging.
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FDG-PET, its specificity for the tumor location is not very 
accurate, and therefore other studies, such as MRI and/or CT 
scans are required to define the precise location of the tumor 
to important anatomical landmarks. To enhance the image, 
current scanners that fuse CT or MR images with the FDG-
PET images are available. When comparing FDG-PET scan 
and PET/CT images in a series of 45 patients with colorec-
tal cancer, the overall staging accuracy increased from 78 to 
89% with PET/CT.43

The impact of FDG-PET and FDG-PET/CT in the preop-
erative staging and management of rectal cancer patients has 
been studied by Heriot et al.44 in a series of 46 patients who 
were assessed with FDG-PET scans at the time of their initial 
diagnosis. The surgical management was changed in 17% of 
the patients because of positive FDG-PET scan findings that 
upstaged the disease. Furthermore, Gearhart et al. demon-
strated in 37 patients that FDG-PET/CT was able to demon-
strate additional significant findings in 38% of patients with 
a known primary rectal cancer resulting in an alteration in 
the treatment planning for 27% of patients.45 These changes 
in management included canceling surgery and changing the 
field of administered radiation.

Radiographic Assessment of Response  
to Neoadjuvant Therapy

Preoperative radiation of rectal cancer causes various degrees 
of tumor regression resulting in scarring and fibrosis that 
impairs accurate imaging. Napoleon et al.46 demonstrated 
that EUS was not accurate at determining bowel wall invasion 
following radiation. The depth of wall invasion was  correctly 
determined in 86% of patients without radiotherapy, but in 
only 47% in those patients in whom previous radiotherapy 
had been administered. The use of EUS in restaging rectal 
cancer following radiation is limited.

The limitation of MRI imaging in rectal cancer has been its 
inherent inability to differentiate fibrosis from residual tumor 
following treatment. For this reason, conventional MRI has 
not been shown to be useful in determining response to therapy. 

However, functional MR imaging, has been demonstrated to 
be useful in the evaluation of the response of rectal cancer 
to neoadjuvant therapy. Functional MR techniques provide 
in vivo physiologic and metabolic information about a tumor 
over time. The components of functional MR include spec-
troscopy, diffusion, and contrast enhancement. Spectroscopy 
provides assessment of the concentration of several metabo-
lites and is useful as a noninvasive technique as a means of 
studying the biochemistry of a lesion relative to normal  tissue. 
Diffusion-weighted MR measures the apparent diffusion 
coefficient (ADC) which detects thermally induced motion 
of water molecules and cellular  integrity. Viable tumors 
have intact cell membranes limiting the mobility of water 
 molecules that is reflected as a low ADC value. If there is cel-
lular necrosis, there is enhanced cell membrane permeability 
which allows for increased motion of water molecules and 
results in a rise in the ADV value. Kim et al.47 demonstrated 
that the diagnostic accuracy of diffusion-weighted MR was 
significantly improved over conventional MR at predicting a 
complete response to neoadjuvant therapy. Finally, Dynamic 
Contrast-enhanced MRI (DCE-MRI) measures the degree 
of extracellular contrast enhancement which reflects vascu-
lar integrity. A decrease in contrast enhancement of a lesion 
is expected after locoregional therapy and may predict the 
extent of tumor necrosis. Further studies to validate these 
findings are necessary.

The use of serial FDG-PET/CT in predicting response to 
neoadjuvant therapy has been evaluated by several investiga-
tors.48–57 Melton et al.48 demonstrated that serial FDG-PET/
CT is more effective at discerning the presence of minimal or 
microscopic disease and less effective at identifying lymph 
node metastasis when correlated with histological findings 
at the time of surgery (Figure 42-4). The reported specific-
ity for predicting a near complete or complete pathological 
response to therapy with serial FDG-PET/CT is 60–95% 
(Table 42-6).49–51 The timing of serial FDG-PET appears to 
be important in that FDG-PET/CT after 2 weeks of treatment 
can predict pathological response with similar specificity 
to FDG-PET/CT performed at the end of treatment.52 This 
earlier time period may be advantageous for determining if 
the neoadjuvant regimen should be modified in patients that 
appear not to be responding.

Currently, the use of a newer modality, 3¢-deoxy-3¢ (18F) 
fluorothymidine (FLT) in PET scanning has been utilized in 
the assessment of malignant tumors because of its potential 
to noninvasively monitor cellular proliferation. The appeal of 
monitoring thymidine activity is the importance of thymidine 
in DNA synthesis and cell proliferation. Cell uptake studies 
have demonstrated that FLT accumulates in cancer cells and 
tumors in proportion to their rate of cellular proliferation. Fur-
thermore, several studies have indicated that early changes in 
FLT uptake, measured soon after treatment begins, may be 
able to predict a tumors response to chemoradiation.53–55 The 
use of this modality in monitoring response to therapy in col-
orectal cancer has not been formally evaluated.

Figure 42-4. PET scan.
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Finally, perfusion CT has emerged as a noninvasive method 
to assess the microvascular status of tumor tissue. Regres-
sion of tumor microvasculature is considered an important 
surrogate marker for response to treatment. Sequential imag-
ing using CT perfusion techniques is thought to provide a 
better method for the determination of response of the tumor 
to chemoradiation.56 However, perfusion techniques in DCE-
MRI have demonstrated superiority in gauging response 
with MRI.57

Conclusion

The accurate preoperative tumor staging is essential to select the 
best therapy for the rectal cancer patient. Presently, the depth of 
invasion and evidence of perirectal lymph nodes involvement is 
best assessed with high-resolution MRI. Whole-body CT scan-
ning or abdominal MRI is also important to detect extrarectal 
tumor. The role of serial imaging modalities to determine clini-
cal response is currently under investigation.
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43
Local Excision of Rectal Cancer
Peter A. Cataldo

The earliest surgery for rectal cancer involved local  excision. 
Due to limitations in anesthesia, surgical instruments, 
 operative techniques, and blood transfusions, transabdomi-
nal, radical resections were thought to be too risky. Local 
excision, however safe, was associated with high local recur-
rence rates and poor overall survival, perhaps due to patient 
selection and inability to remove peritumoral lymph nodes 
containing regional metastases. For these reasons, Sir  Earnest 
Miles expanded the indications for abdominal–perineal resec-
tion1 (APR), originally described by Faget for perianal sepsis2 
for the treatment of rectal cancer. He believed that excision 
of regional lymph nodes would improve overall cure rates. 
Miles theories were correct, but not without consequences, 
as seven of his original nine patients died from complica-
tions of surgery.1 Complication concerns following APR 
continue today with mortality rates ranging from 0 to 6.3%3,4 
and complication rates as high as 61%.5 In addition, APR 
is associated with a high rate of sexual dysfunction (67%) 
and stoma related problems (66%).6 Finally, despite these 
complications and long-term functional consequences, some 
early rectal cancers recur despite radical surgery. The 5-year 
survival for Stage I rectal cancer following radical surgery is 
73% as reported by the National Cancer Data Base.7

For these reasons, many surgeons have sought alterna-
tive treatment options for early rectal cancer. These include 
chemoradiotherapy alone, and local excision with or with-
out adjuvant treatment. Appropriate treatment always begins 
with appropriate patient selection, and in the case of cancer 
therapy, proper patient selection is dependent upon accurate 
(preoperative) tumor staging. This is the major challenge for 
local excision of rectal cancer.

In the case of rectal cancer, staging can be divided into local 
and distant (or systemic) staging. Staging of distant disease 
is straightforward and well-established. Computed tomogra-
phy (CT), magnetic resonance imaging (MRI), and positron 
emission tomography (PET) scanning have very high accu-
racy rates when detecting distant disease and are discussed 
in Chap. 40. Local staging represents a much more difficult 
and important challenge in rectal cancer. Tumor  staging must 

include the depth of penetration of the rectal wall (T-Stage) 
and evaluation of adjacent lymph nodes (N-Stage). The 
impact of this information helps identify which patients are 
candidates for local excision (T1), prompt surgery (T2), or 
who require neoadjuvant chemoradiotherapy (T3). The pres-
ence or absence of lymphadenopathy has great impact as 
patients with metastatic regional lymph nodes (N+) are not 
candidates for any type of curative local excision.

Unfortunately, the accuracy of local staging with both 
pelvic MRI (with or without endorectal coil) and endorectal 
ultrasound is variable at best. Accuracy rates range from 71 
to 90% for T-Stage assessment by ultrasound8 and 54 to 81% 
for MRI, respectively.9,10 Similarly, the accuracy for lymph 
nodes staging remains poor 61–80% for EUS8 and 41–55% 
for MRI.11 Perhaps more importantly, the accuracy of these 
techniques is not improving and is unlikely to improve in the 
near future. Andreola et al. evaluated lymph node metastases 
in 101 patients with distal rectal cancer. Forty-five percent of 
all metastatic lymph nodes were smaller than 5 mm. Fourteen 
percent of Stage III patients (only) had lymph nodes <5 mm, 
and 43% of these patients eventually developed metastatic 
disease.12 Small metastatic lymph nodes are common and 
clinically significant, and it is unlikely that our current stag-
ing techniques identify these lymph nodes. MRI with tumor 
injection of ultra-small magnetic particles has shown some 
promise, but is not clinically available at this time.

Treatment Algorithm

With the aforementioned caveats, rectal cancer should be 
staged as accurately as possible, both locally and systemi-
cally, and patients considered for local excision if appropri-
ate. Any stage patient may be a candidate for palliative local 
excision provided the lesion is accessible and safe excision 
(and rectal closure) is technically possible. However, the cri-
teria for “curative” transanal excision (TAE) are much stricter. 
Opinions and practice patterns vary widely as do published 
oncologic results. A reasonable patient selection guide and 
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treatment algorithm is as follows: For T
1
N

0
, lesions without 

adverse histologic features (lymphovascular invasion or poor 
differentiation) local excision alone without adjuvant ther-
apy is adequate. For T

1
N

0
, lesions with adverse histologic 

features, local excision must be combined with postoperative 
chemoradiotherapy (histologic features are rarely available 
on preoperative, endoscopic biopsy). For T

2
N

0
 tumors, local 

excision should be combined with preoperative or postop-
erative chemoradiotherapy. T

3
N

0
 patients are candidates for 

local excision only if major comorbidities preclude radical 
surgery or patients refuse a radical approach. Node positive 
patients (N

1
 or N

2
) are not candidates for curative local exci-

sion as mesorectal lymph nodes cannot be reliably removed 
transanally.

Traditional criteria for local excision (<10 cm from den-
tate line, <4 cm in diameter, <40% of rectal circumference) 
no longer apply due to more sophisticated, yet imperfect, 
staging and more advanced surgical techniques, such as 
Transanal Endoscopic Microsurgery (TEM).

Transanal Techniques

Once the decision to perform local excision has been made, 
traditional surgical principles apply as they do in all surgery. 
The goals are very straightforward, (1) remove the tumor 
with negative resection margins, (2) restore normal anatomy 
to the fullest extent possible, (3) minimize morbidity and 
mortality, and (4) minimize any impact on long-term func-
tion. Once a patient has been selected for local excision, one 
cannot change the tumor characteristics or stage; one can 
only affect the quality of surgical resection. Positive resec-
tion margins result from inadequate surgical technique and 
dramatically increase the risk of local recurrence and treat-
ment failure. In order to perform a successful local excision, 
there must be good exposure and access, visualization must 
be optimum, and surgical technique precise. In addition, these 
must be accomplished with minimal impact on postoperative 
function. Four techniques are described in the ensuing para-
graphs, TAE, Kraske technique, York–Mason or transsphinc-
teric, and TEM. Traditional TAE creates minimal disruption 
to local anatomic structures, but is applicable only to the very 
distal rectum, and exposure, visualization, and precision are 
limited. The Kraske, or transcoccygeal, approach provides 
better exposure, but is more destructive (i.e., coccygectomy) 
and has a high fecal fistula rate.13–15 The York–Mason, or 
transsphincteric technique, again provides better exposure 
than TAE, but by definition, disrupts the anal sphincters, and 
is as associated with high rates of postoperative fecal incon-
tinence. TEM is currently gaining popularity; it provides 
excellent exposure and visualization throughout the rectum, 
and offers a precise surgical excision and wound closure. It 
does, however, require specialized equipment, specialized 
training, and an adequate volume of cases to become adept.

Transanal Excision

Local excision can be accomplished via a transanal approach 
for the majority of low rectal cancers. In a prospective study 
of 48 local excisions for rectal cancer, 33 were performed 
using a transanal approach.13 Prior to local excision, all 
patients should receive a full mechanical and antibiotic bowel 
preparation. After the induction of anesthesia, the patient is 
flipped over and placed in the prone-jackknife position, with 
the buttocks taped apart. A pudendal nerve block should 
then be administered, which aids in postoperative pain con-
trol and more importantly relaxes the sphincter complex. An 
anal retractor in combination alone or in combination with 
a retractor with self-retaining hooks is then used to dilate 
the anus and expose the lesion. Once adequate visualization 
has been obtained, traction sutures are often placed 1–2 cm 
distal to the tumor, and the line of dissection is marked on the 
mucosa using electrocautery. This line of dissection should 
be approximately 1–2 cm from the border of the tumor cir-
cumferentially (Figure 43-1A). If visualization is not initially 
adequate, serial traction sutures should be used to prolapse 
the lesion into the field of view. Next, the electrocautery is 
used to make a full-thickness incision along the previously 
marked mucosa (Figure 43-1B). The specimen is then ori-
ented accurately for the pathologist (Figure 43-1C). Upon 
completion of this incision, the perirectal fat should be vis-
ible beneath the lesion to confirm a full-thickness excision. 
For anterior lesions, care must be taken not to injure the back 
wall of the vagina in females, or the prostate or membranous 
urethra in males. The lesion is then excised leaving visible 
perirectal fat at the base of the lesion. The defect in the bowel 

Figure 43-1. A–C Transanal excision. A A transanal excision is 
performed by marking out a 1 cm or greater margin around the 
tumor. B A full-thickness excision is then performed to obtain 
adequate radial as well as lateral margins. C The specimen is then 
oriented accurately for the pathologist.
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wall is then closed transversely using interrupted 3–0 polyg-
lycolic sutures.

The complications most closely associated with transanal 
excisions include urinary retention, urinary tract infections, 
delayed hemorrhage, infections of the perirectal and ischi-
orectal space, and fecal impactions. However, the overall 
incidence of these complications is quite low, and the mor-
tality rate is 0% in most series.

Transcoccygeal Exision

The transcoccygeal approach was used historically over the 
transanal approach for larger, more proximal lesions. It was 
originally popularized by Kraske who found it beneficial 
when operating on lesions within the middle or distal third 
of the rectum. This approach is especially useful for lesions 
on the posterior wall of the rectum, but can certainly be 
used for anterior or lateral lesions as well. In this series, the 
transcoccygeal approach was used, when the distal margin 
was approximately 4.8 cm from the dentate line as compared 
to 3.0 cm for the transanal approach.13

All patients should undergo a full antibiotic and mechani-
cal bowel preparation the day prior to surgery. The patient 
is again placed in the prone-jackknife position with the but-
tocks taped apart after the induction of general anesthesia. 
The tape is released for closure in order to facilitate the 
approximation of the subcutaneous tissues and skin. Unlike 
the transanal approach, a pudendal block is not required, 
as the sphincters do not require relaxation. The patient is 
prepped and draped in a sterile fashion with povidone–iodine 
solution, and an incision is made in the posterior midline 
adjacent to the sacrum and coccyx down to the upper border 
of the posterior aspect of the external sphincter. The coccyx, 
which along with the anal coccygeal ligament lies immedi-
ately deep to the skin and subcutaneous tissue, is removed to 
improve exposure. In order to do so, the anal coccygeal liga-
ments and other attachments are cauterized from each side 
and from the lower edge of the coccyx. The dissection then 
proceeds along the undersurface, anterior edge, of the coc-
cyx until a cutting wire can pass through the sacral coccygeal 
joint. The coccyx is then removed with occasional bleeding 
from an extension of the middle sacral artery, which is easily 
controlled with electrocautery. The levator ani muscles are 
now visible at the base of the wound and should be separated 
in the midline, exposing a membrane that resides just outside 
of the perirectal fat. Division of this membrane allows for 
complete mobilization of the rectum within the intraperito-
neal pelvis.

For posterior based lesions, the distal margin of the 
tumor can be palpated via a rectal examination, and then the 
mesorectum and rectum are transected at a point 1–1.5 cm 
distal to the tumor (Figure 43-2). The excision is then 
completed with a 1 cm margin surrounding the lesion. For 
posterior lesions, the transcoccygeal approach allows for 
the removal of perirectal nodes that lie in the surrounding 

mesorectal tissue. For anterior lesions, a posterior procto-
tomy is made, and then the lesion is approached under direct 
vision, again excising the lesion down to the perirectal fat 
with a 1 cm margin (Figure 43-3). Following removal, the 
specimen is reoriented for the pathologist and all the rec-
tal incisions are closed in either a longitudinal or transverse 
manner in order to avoid narrowing of the rectum, using an 
absorbable suture. An air test should be performed, filling 
the operative field with sterile saline, and insufflating air in 
the rectum in order to check for air leaks in the suture line. 
Once these air leaks are controlled, the levator ani is reap-
proximated in the midline, and the anal coccygeal ligament 
is reattached to the sacrum. The operation is completed with 
the closure of the skin and subcutaneous tissue.

An unfortunate complication of this procedure is the devel-
opment of a fecal fistula that extends from the rectum to the 
posterior midline incision. The incidence of this complica-
tion ranges from 5 to 20%,13–15 and most heal after temporary 
diversion of the fecal stream via a loop ileostomy or colos-
tomy. For this reason, the Kraske approach is used much less 
frequently than other methods for local treatment.

Transsphincteric Excision

The transsphincteric approach developed by York and Mason 
involves the complete division of the sphincters and the pos-
terior wall of the rectum. Patients undergo an antibiotic and 

Figure 43-2. Transcoccygeal excision. For posterior lesions using 
a transcoccygeal or “Kraske” approach, one can palpate the lower 
border of the tumor to ensure an adequate distal margin.
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mechanical bowel preparation on the day before surgery. 
General anesthesia is chosen for the operation. The proce-
dure starts similarly to the Kraske transcoccygeal approach; 
except the levator ani and the external sphincter muscles are 
divided in the midline. These muscles are carefully tagged, 
so matching sutures can be reapproximated exactly at the end 
of the procedure. Care must be taken to remain in the mid-
line in order to avoid the nerve supply to the sphincters that 
lie in a posterolateral position bilaterally. Once the lesion is 
removed, the rectum, sphincters, and overlying musculature 
are closed in a careful stepwise manner. This procedure has 
an increased risk of incontinence secondary to sphincter dys-
function. Since the exposure provided from this approach is 
similar to that from the Kraske procedure, which carries less 
of a risk of incontinence, there are very few indications for 
this technique.

Transanal Endoscopic Microsurgery

TEM was developed by Gerhard Buess and the Richard Wolf 
Medical Instruments Company in 1983 in Germany. Origi-
nally designed for the removal of large rectal polyps beyond 
the reach of traditional transanal excision, its indications 
eventually expanded to include the excision of early stage 
rectal cancers.

TEM is essentially the earliest natural orifice translumi-
nal endoscopic surgery (NOTES). It utilizes endoluminal 
insufflation to create rectal distension and exposure. Access 

is obtained via a proctoscope 4 cm in diameter and either 
12 or 20 cm in length, which allows for resection of lesions 
 anywhere in the rectum. Visualization is provided by a special 
binocular optic passed through the proctoscope which creates 
three-dimensional viewing. In addition, a laparoscopic cam-
era can be attached to a separate optic with the image being 
viewed on a standard video monitor.

TEM is a closed system and a faceplate on the end of 
the proctoscope maintains an airtight seal. Instruments are 
passed through three-gasket ports, similar to laparoscopy. 
All instruments are 5 mm in diameter, and >30 cm in length, 
and include graspers, cautery, needle holders, suction, scis-
sors, and clip appliers.

With TEM, it is possible to resect large lesions through-
out the entire rectum and to meticulously suture the ensuing 
defects closed. Complete sleeve resection of the mid portion 
of the rectum with primary endoluminal anastomosis is pos-
sible and has been done in many instances.

Briefly, the technique is as follows. The lesion and its 
location are precisely identified and the patient is positioned 
on the operating room table with the lesion oriented toward 
the floor. (i.e., prone for anterior lesions, lithotomy for pos-
terior lesions, etc.) This is important as the TEM equipment 
is designed to operate from “the top down.” The proctoscope 
is inserted, the lesion is located, and the proctoscope is then 
fixed in place by attaching it to the “Martin Arm,” a three-
elbowed gadget that attaches to the OR table, locks in place, 
and keeps the TEM scope fixed (Figure 43-4A, B). Lido-
caine with epinephrine is instilled underneath the lesion and 
1 cm margins (5 mm for benign lesions) are marked with 
electrocautery surrounding the lesion. Using cautery, the 
lesion is then excised circumferentially in the full-thickness 
plane until it has been completely detached from the sur-
rounding rectal wall (Figure 43-5). Following this, the deep 
dissection, often to include a significant portion of perirectal 
fat, is completed and the lesion removed through the open 
faceplate of the proctoscope. The specimen is pinned on a 
corkboard to facilitate microscopic evaluation. The defect 
is then closed transversely to prevent rectal stenosis. The 
mid-point of the proximal and distal edges of the defect are 
identified and approximated with a single suture to insure 
correct orientation and to facilitate transverse closure. The 
remaining defect is closed from each corner to the middle. 
Silver clips or “bbs” are used at the beginning and end of 
all sutures (usually running) in lieu of tying knots as this is 
tedious in the small operative field (Figure 43-6). Alterna-
tively small, distal rectal, extra-peritoneal defects can be left 
open, although this is not commonly recommended as it is 
important to master suturing skills as some defects may be 
“intra-peritoneal” where failure to close accurately can lead 
to peritonitis.

Postoperative recovery is usually uneventful, with most 
patients being discharged directly from the recovery room. 
Patients experience pelvic pressure and irregular bowel 
movements for 1 or 2 weeks following surgery, but little pain 

Figure 43-3. Transcoccygeal excision. Anterior lesions need to be 
approached by first making a posterior proctotomy and then excis-
ing the lesion through the rectum. The anterior and posterior walls 
of the rectum then need to be repaired, usually in a transverse man-
ner in order to maintain the lumen diameter.
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unless the resection involves the distal rectum adjacent to 
the dentate line, which is innervated by the somatically con-
trolled inferior hemorrhoidal nerve.

Complications of TEM are rare, but include transient 
urinary retention, dehiscence of the operative closure, hem-
orrhage, perirectal or intraperitoneal infection, and rectovag-
inal fistulae. Rarely reoperation and even temporary fecal 
diversion are necessary to treat severe complications.

Follow-up after resection for rectal cancer is essential as 
local recurrence, if identified early, can be cured with radi-
cal resection. History and physical exam and CEA are per-
formed every 3 months for 2 years, and every 6 months for 
the following 3 years. Flexible sigmoidoscopy is performed 
at 3 and 9 months following surgery and yearly thereafter. 
Colonoscopy is scheduled at 1 year and every 3 years regu-
larly. CT scans begin at 1 year postoperatively and are then 
performed yearly. Long-term, vigilant follow-up is impor-
tant, particularly after adjuvant radiation, as recurrence may 
develop up to 10 years postoperatively.

Results

When evaluating results following various treatments for 
rectal cancer, local recurrence and survival are naturally most 
important. It is important to also consider surgical morbidity 
and mortality, functional consequences, and the quality of 
life. Various local excision techniques can be compared to 
each other, and/or compared to traditional, radical resection.

Survival following radical resection for rectal cancer as 
reported by the National Cancer Database is 73% for Stage 
I; 56% for Stage II; 47% for Stage III, and 6% for Stage IV7. 
As we evaluate survival following local excision, it is essen-
tial to remember that not all patients with early stage rectal 
cancer are cured by radical resection. If a patient undergoes 

Figure 43-4. A Five mm TEM instruments, including needle 
cautery, graspers, suction, and needle holder. B External view of 
assembled TEM equipment in use.

Figure 43-5. Lesion properly positioned for TEM.

Figure 43-6. Defect closed in transverse fashion in order to prevent 
stenosis. Silver “bbs” are used in lieu of tying knots.
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a well-performed, oncologically sound radical resection and 
then recurs, it is traditionally blamed on tumor biology. If 
recurrence develops after local excision, we assume that 
recurrence is due to inadequate surgery. While that may 
sometimes be the case, it is certainly not always the case as 
judged by the survival data following radical resection.

Many local failures following local excision are thought to 
arise in undiagnosed metastatic lymph nodes in the mesorec-
tum. If this is in fact the case, then these are truly Stage III 
rectal cancers which have been under-staged, not Stage I rec-
tal cancers that have recurred. In this situation, the problem 
lies with under-staging, and subsequent inadequate treat-
ment. This only occurs following local excision (as lymph 
nodes are excised and evaluated with radical resection) and 
therefore artificially increases local recurrence rates and low-
ers overall survival following local excision of “early stage” 
rectal cancers.

You et al.16 performed the most extensive study evaluat-
ing local excision of early rectal cancers with data obtained 
from the National Cancer Database. They compared stan-
dard resection (SR) (abdominoperineal and low anterior 
resection) to local excision (LE) and looked at operative 
mortality, local recurrence, disease specific survival (DSS) 
and overall survival (OS) for both groups for T

1
 and T

2
 rec-

tal cancers. A total of 2,124 patients treated between 1994 
and 1996 were included; LE 765 (T

1
 601, T

2
 164) SR 1359 

(T
1
 493, T

2
 866). Overall operative mortality was lower for 

LE (0.5% vs. 1.8%). Thirty-day mortality was also lower 
for LE (5.6% vs. 14.6%). For T

1
 tumors, overall survival 

was similar at 8 years (LE 61.7% vs. SR 66.3%, p = 0.09). 
However, local recurrence was significantly higher for 
LE compared with SR (14.3% vs. 8.5%, p = 0.007) at 8 
years. Similarly, DSS was worse for LE (93.2% vs. 97.2%, 
p = 0.004). For T

2
 tumors, local recurrence again was higher 

for LE (22.1% vs. 15.1%, p = 0.01) but DSS was similar for 
LE and SR (90.2% vs. 91.7%, p = 0.95). OS was worse for 
LE (67.6% vs. 76.5%, p = 0.01) at 5 years.

These data suggest that LE is clearly safer than SR, but 
at the cost of inferior oncologic outcomes. Yet, when over-
all survival is evaluated both groups are essentially similar. 
Despite being a large, exhaustive project, this study has 
several shortcomings. (1) Many patients included in the 
LE group did not have R

0
 excisions, which would clearly 

increase the LR rate and decrease the overall survival. In 
addition, any patient who received adjuvant therapy (chemo-
therapy or radiation) was excluded from the analysis. Many 
surgeons would consider chemoradiation a standard compo-
nent of treatment for any T

2
 tumor and selected T

1
 tumors 

treated by LE. Also, the authors did not evaluate the type of 
LE performed (TAE vs. TEM vs. Kraske vs. York Mason). 
Finally, no mention is made of the “stage shift” phenom-
enon, where a small but significant number of T

1
 and T

2
 

tumor treated by LE (but not by SR) were truly Stage III 
cancers, and had undocumented disease in unresected peri-
rectal lymph nodes.

Ptok et al.17 compared local and radical resection for low 
risk T

1
 rectal cancer. Similar to the large database study 

by You, morbidity was lower with LE (9.2% vs. 22.8%, 
p = 0.001), but local recurrence was higher (6% vs. 2%, 
p = 0.049). However, 5-year tumor free survival was similar 
for both groups. Although the authors divided the LE group 
into TAE and TEM for demographic purposes, they did not 
analyze the groups separately when looking at local recur-
rence or survival.

Garcia-Aguilar et al.18 reviewed the University of Minne-
sota experience with local excision of early stage, low-risk 
rectal cancers. Their series included 82 patients who under-
went TAE for T

1
 or T

2
 rectal cancers with favorable histology 

(moderately or well differentiated and with no lymphovas-
cular invasion). All included patients had negative resection 
margins. Recurrence was identified in 18% of T

1
 tumors 

(nine local, one distant, one local and distant recurrence) and 
37% for T

2
 tumors (eight local, two combined local and dis-

tant). Salvage surgery was performed when appropriate. One 
patient in the T

1
 group and two patients in the T

2
 died as a 

result of cancer recurrence. Mean follow-up was 54 months. 
The authors concluded that local recurrence rates were high, 
but salvage was often possible with radical resection. Cancer 
free survival was high for both groups, but long-term out-
comes were inconclusive. Interestingly, preoperative staging 
with endorectal ultrasound, which should ideally improve 
staging and patient selection, had no effect on outcomes.

Paty et al.19 at Memorial Sloan-Kettering Cancer Center, 
evaluated long term follow-up in 125 patients with T

1
 and T

2
 

rectal cancers undergoing local excision. Median follow-up 
was 6.7 years, local recurrence was 17% for T

1
, and 28% for 

T
2
 tumors. Ten-year survival was 74% and 72%, respectively. 

Positive resection margins were found in 10% (11 of 125) 
patients. Adjuvant radiotherapy with or without chemother-
apy did not influence local recurrence or overall survival, but 
radiation was used selectively in high-risk patients. Radia-
tion did, however, seem to delay recurrence; 28% of all can-
cer deaths occurred more than 5 years after initial treatment.

In evaluating multiple studies of traditional local excision 
for early rectal cancer, several patterns arise. (1) Morbidity, 
mortality, and functional outcomes are better with local exci-
sion. (2) Local recurrence rates are higher following local 
excision when compared with radical resection. (3) Salvage 
radical surgery is possible in 30–50% of patients developing 
local recurrence after local excision. (4) Disease free sur-
vival and overall survival are similar following local excision 
and radical resection for T

1
 and T

2
 rectal cancers.

Transanal Endoscopic Microsurgery

TEM has been in use since the early 1980s, but only in select 
centers, particularly in Europe. Over the past 10 years, its role 
has expanded significantly and its use is now widespread in 
Europe, Great Britain, and more recently the USA. It has been 
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advocated as technically superior to TAE, and  oncologically 
favorable results have been reported. Few studies, however, 
directly compare TEM to traditional  techniques. Yet, the 
limited data is encouraging.

Lin et al.20 compared TEM to the York–Mason approach 
in 82 patients with benign and malignant rectal masses. Post-
operative pain, hospital stay, and complication rates were 
significantly higher for the York–Mason approach. With 
short-term median follow-up of 30 months recurrence was 
0% for the TEM group and 3.9% for the controls. This is a 
small study, but clearly shows the technical superiority of 
TEM. Christforidis et al.21 at the University of Minnesota 
retrospectively compared TEM to traditional TAE in 171 
patients (42 TEM, 129 TAE). Negative resection margins 
were obtained in 98% of the TEM group compared with 
84% of the TAE group. Disease free survival at 5 years was 
slightly better for the TEM group (84% vs. 76%), but did not 
reach statistical significance. Multivariate analysis identified 
T-stage, resection margin status, the use of adjuvant therapy, 
and distance from the anal verge (lower = worse prognosis), 
but not surgical technique (TEM vs. TAE) as predictive of 
local recurrence. Moore et al.22 evaluated 171 patients sub-
ject to TEM (82) or TAE (89) at the University of Vermont 
for rectal adenomas and carcinomas. In the group of patients 
undergoing resection for cancer, TEM, when compared to 
TAE, provided an intact, nonfragmented specimen more 
often (100% vs. 63%), achieved negative resection margins 
(98% vs. 78%, p = 0.01) and was associated with a lower 
recurrence rate (8% vs. 24%). When only curative resections 
were considered, recurrence rate for TEM was 3% compared 
with 22% for TAE. In this study, TEM was clearly techni-
cally and oncologically superior to TAE.

Many other studies have reported individual institution’s 
experience with TEM with some comparisons to historical 
controls. Whitehouse et al.23 reported on 42 patients undergo-
ing TEM for rectal cancer. Resection margins were positive 
in 8%. Adjuvant chemoradiation was used at the surgeon’s 
discretion. Local recurrence rates were as follows, T

1
 20% 

(6/23); T
2
 22% (2/9); T

3
 0% (0/4). Conclusions indicated 

TEM to be safe but recurrence rates were high.
In a much larger series Guerrieri et al.24 reviewed 196 

patients (51 T
1
, 84 T

2
, 61 T

3
) treated with TEM for rectal 

cancer. All patients with T
2
 or T

3
 lesions underwent preop-

erative radiotherapy, combined with chemotherapy in some 
instances. All patients achieved negative resection margins 
(real time frozen section analysis was used when neces-
sary). Follow-up ranged from 12 to 178 months and local 
recurrence rates were 0% for T

1
, 6% for T

2
, and 5% for T

3
 

lesions. Disease free survival was 100% for T
1
, 90% for T

2
, 

and 77% for T
3
 lesions. Downsizing and downstaging were 

good prognostic indicators and the authors only found local 
recurrence in patients with lesions deemed “non-responders” 
to radiation therapy.

Zacharakis et al.25 reviewed the St. Mary’s experience with 
TEM for benign and malignant rectal masses.  Specifically 

regarding malignant masses, positive resection margins were 
found in 3.7% (1/28). No patient received chemoradiother-
apy either before or after surgery. Recurrence occurred in 
7.1% of T

1
, 42% of T

2
, and 66.6% of T

3
 lesions. TEM alone 

seemed adequate treatment for T
1
, but not for T

2
 or T

3
 rectal 

cancers.
Floyd and Saclarides26 followed 53 patients with T

1
  rectal 

cancer after curative TEM. None had chemotherapy or 
radiotherapy. Mean follow-up was 2.84 years. Four patients 
developed recurrence (7.5%). All patients with recurrence 
were treated with surgical resection, and at the time of publi-
cation were disease free.

Maslekar et al.27 reported their experience with TEM on 52 
patients with rectal cancer. T

1
 cancers received TEM alone. 

While TEM was combined with postoperative chemoradia-
tion for select T

2
 and T

3
 lesions, recurrence rate was 0% for 

T
1
 (0/27), 20% for T

2
 (4/22), and 33% for T

3
 (1/3); overall 

recurrence 14%.
Two prospective, randomized trials have compared TEM 

to radical surgery for early rectal cancer. Winde et al.28 ran-
domized 53 patients with ultrasound-staged T

1
 rectal cancer 

to TEM vs. anterior resection (TEM 25; LAR 28). Compli-
cation rates were significantly higher for radical resection 
while 5-year survival was similar for both groups at 96%.

Lezoch et al.29 published 5-year follow-up data from a 
prospective randomized trial for the treatment of early rectal 
cancer. Patients with UT

2
N

0
 biopsy proven, low-grade rectal 

cancer underwent preoperative chemoradiotherapy (5,040 
rads with continuous infusion of 5-FU) and were then ran-
domized to TEM vs. laparoscopic radical resection (APR vs. 
LAR). Median follow-up was 84 months. Local recurrence 
following TEM was 5.7% (2/35) and 2.8% after radical 
resection (1/35). One patient developed distant metastases 
in each group. The 5-year disease free survival was 94% 
for both groups. The authors concluded that TEM provided 
equivalent oncologic results to radical resection.

Experience and outcomes vary significantly from cen-
ter to center and country to country with regard to TEM 
in the treatment of early rectal cancer. Several clear points 
emerge from a cloudy picture. TEM appears to be techni-
cally superior to traditional TAE in its ability to produce 
a nonfragmented specimen with tumor free margins. It is 
clearly associated with lower morbidity and mortality than 
radical resection. Patient selection and preoperative staging 
are essential. TEM alone may be justified for select T

1
 rectal 

cancers, but recurrence rates are prohibitive without adjuvant 
chemoradiotherapy for T

2
 (and T

3
) tumors. When compared 

to radical resection in a prospective, randomized fashion, 
TEM, in limited data, compares well to radical resection for 
T

1
 cancers. In addition TEM, combined with preoperative 

adjuvant therapy, again compares well to radical resection 
with T

2
 rectal cancers.

In the USA, a multicenter prospective phase II trial ACO-
SOG Z-6041 has been evaluating local excision (TAE and 
TEM) for UT

2
N

0
 rectal cancer following 5040 gray combined 
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with 5 FU and oxaliplatin.30 Accrual is currently complete 
but data is not yet available. The results of this study may 
help clarify the role of local excision and adjuvant therapy 
for Stage I rectal cancer.

Predicting Lymph Node Metastases

The reasons for local recurrence following local excision of 
rectal cancer are likely multifactorial, but remain obscure. 
Clearly, leaving tumor behind at the site of resection (i.e., 
positive margins) increases the risk of recurrence, and is 
responsible for many treatment failures. However, many 
patients with clear margins ultimately develop local recur-
rence. The current thinking is that these failures may be the 
result of undiagnosed and untreated metastatic lymph nodes 
in the mesorectum.

The incidence of lymph node positivity is directly related 
to T-stage, and is well documented in the literature.31–33 Inter-
estingly, local recurrence rates following local excision for 
rectal cancer seem to parallel the likelihood of lymph node 
positivity stage for stage. Unfortunately, endorectal ultra-
sound is inadequate to diagnose some patients with positive 
lymph nodes. MRI is no better.

Metastatic lymph nodes are found in 5–10% of T
1
 tumors, 

10–20% of T
2
 tumors, and 30–50% of T

3
 tumors.32 However, 

many of these lymph nodes are very small making ultrasound 
or MRI detection difficult. Andreola et al.12 looked at meta-
static lymph nodes in cancer of the distal third of the rectum 
following radical resection in 101 patients. Forty-five per-
cent of all metastatic lymph nodes were smaller than 5 mm 
in diameter. Fourteen percent of all lymph node positive 
patients had only lymph nodes smaller than 5 mm. Forty-
three percent of patients with metastatic lymph nodes less 
than 5 mm developed systemic recurrence. Clearly small, 
metastatic lymph nodes are common, are poorly detected 
by current staging methods, and are important factors in the 
development of metastatic disease.

Many individuals have looked at multiple factors in an 
attempt to predict the presence or absence of occult lymph 
node metastases and local recurrence following local exci-
sion of rectal tumors. In an insightful study, Read et al. used 
residual T-stage following chemoradiation in 644 patients 
as a predictor for the presence of mesenteric lymph nodes 
containing tumor.34 Patients were staged and selected for 
neoadjuvant therapy with or without chemotherapy. All 
patients then underwent radical resection with excision 
of the mesorectum. Postradiation T-stage was determined 
and then correlated with the presence or absence of meta-
static lymph nodes. For postradiation T

0
 lesions, the risk 

of positive nodes was 2%, for T
1
 4%, for T

2
 23%, and for 

T
3
 47%. These data may be useful in identifying patients 

with residual lymph node metastases who fail local exci-
sion, and hence should undergo radical resection. Further 
confirmation of the “response to radiation” as a predictor 

of successful outcomes is provided by the multicenter study 
authored by Capirci et al.35 As part of the Gastro-Intesti-
nal Working Group in the Italian Association of Radiation 
Oncology, data was gathered on 566 patients with com-
plete clinical response following preoperative chemoradio-
therapy. Patients underwent low anterior resection (73%) 
abdominoperineal resection (22%) and TEM (5%). Com-
plete pathologic response following neoadjuvant therapy 
was associated with a 1.6% local recurrence rate, disease 
free survival of 85%, overall survival of 90%, and cancer 
specific survival of 94%.

Perez et al.36 in Sao Paolo, Brazil evaluated postneoad-
juvant chemoradiation staging as a predictor of lymphatic 
involvement and recurrence. Only patients with an incomplete 
clinical response were included for evaluation (n = 289). All 
patients underwent radical resection. Eighty-eight patients 
had ypT

2
 tumors. Lymph node metastases were identified 

in 19% of this group. The presence of perineural invasion, 
vascular invasion, and decreased interval between chemora-
diation and surgery (12 vs. 18 weeks) were associated with 
lymph node metastases and tumor recurrence. The presence 
of tumor in mesorectal lymph nodes was associated with 
decreased disease-free survival (30% vs. 49%) even after 
radical surgery. These authors recommended radial resection 
for all patients with ypT

2
 tumors following chemoradiation. 

The important clinical implication of this data is any patient 
undergoing local excision following chemoradiation found 
to have ypT

2
 disease, is at high risk for recurrence and should 

be considered for subsequent radical surgery.
While response to neoadjuvant treatment has been advo-

cated as a predictor of lymph node involvement by some, 
others have advocated identifying histopathologic factors 
present in the primary tumor to predict the presence of meta-
static lymph nodes in the mesorectum.

Kikuchi et al.37 evaluated the depth of submucosal tumor 
spread (sm level) as a predictor of lymphatic metastases and 
adverse outcome following endoscopic polypectomy in 182 
patients. They identified polyp configuration (pedunculated 
vs. sessile), polyp location (rectum vs. colon) and sm level as 
predictors of adverse outcome. Conversely, Rasheed et al.38 
failed to find sm level predictive of lymph node involvement 
in 55 T

1
 rectal cancers.

Park et al.39 analyzed 90 patients with early colorectal can-
cer and found lymph node metastases in 8.9%. Lymph node 
metastases were associated with deep sm invasion, lympho-
vascular invasion, vessel configuration, absence of a residual 
adenomatous component, and unfavorable histologic grade. 
Similarly, Choi et al.40 evaluated 168 patients with early 
colorectal cancer who underwent curative bowel resection. 
They again identified sm 3 invasion and poor differentiation 
as predictive of lymph node metastases. They, however, also 
identified tumor cell dissociation (TCD), solid cancer cell 
clusters and groups of dissociated cancer cells at the tumor 
front, as predictive of lymph node metastases. (TCD appears 
to be similar to tumor budding).
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Tominaga et al.41 at the National Cancer Hospital in 
Tokyo, Japan evaluated 155 submucosal colorectal cancers 
looking for histopathologic factors associated with lymph 
node metastases. Twelve percent of patients were found to 
have lymph nodes containing cancer. On multivariate analy-
sis, lymphatic invasion and high-grade focal dedifferentia-
tion at the submucosal front were predictive of lymph node 
metastases. No patients with minimal submucosal involve-
ment (<1.3 mm) had cancer in regional nodes. Sakuragi 
et al.42 in evaluating 278 early rectal cancers, found the depth 
of submucosal invasion and lymphatic invasion predictive of 
lymph node metastases.

In a slightly different approach, Masaki et al.43 evaluated 
tumor budding (single cells or clusters of cells at the invasive 
margin) grade, lymphovascular invasion, tumor dedifferen-
tiation at the invasive margin, residual adenomatous tissue, 
and depth and width of submucosal invasion in 76 patients 
with T

1
 colon and rectal cancer. Multivariate analysis found 

only tumor budding to be associated with nodal disease. The 
authors created a formula to predict the likelihood of lymph 
node metastases. Z = 0.07 × (# budding units) − 3.726, where 
the probability of positive lymph nodes = 1/1 + e−z. This 
formula, in theory, can be used to determine if the risk of 
radical surgery is greater than the risk of residual lymphatic 
disease.

In yet another study evaluating risk factors for mesenteric 
lymph node positively, Yasuda et al.44 analyzed 86 patients 
undergoing resection for colorectal carcinoma. Multivariate 
analysis once again identified vascular invasion and tumor 
budding to be independent predictors of lymph node involve-
ment. In addition, no patients with submucosal invasion 
£1,000 mm had lymph node metastases.

In a large cooperative British and Irish study, reported 
by Bach et al.45 424 patients undergoing TEM for local-
ized rectal cancer were evaluated for risk factors associated 
with recurrence. Local recurrence rates were 18.6% for T

1
 

lesions, 29.3% for T
2
 lesions, and 47% for T

3
 lesions at 5 

years. Recurrence rates were relatively high, but incom-
plete resection (positive margins) was found in 11% of T

1
, 

22.5% of T
2
, and 42% of T

3
 lesions. The authors identified 

increasing tumor size, the presence of lymphatic invasion, 
and increasing depth of penetration (as measured by sm 
levels and T-stage) as independent predictors of recurrence. 
Surprisingly R

1
 resection was not found to be predictive for 

recurrence.
In summarizing the data from the above series, it appears 

that several factors consistently put patients at risk for 
untreated regional lymph node disease following local exci-
sion for early rectal cancer. The presence of lymphovascu-
lar invasion, increasing sm levels of tumor invasion, tumor 
budding at the invasive tumor margin, and poor differentia-
tion are relatively consistent predictors of adverse outcome. 
These histologic criteria should clearly be evaluated and 
thoughtfully considered when assessing the oncologic ade-
quacy of local excision for early rectal cancers. In the future, 

perhaps a predictive “histologic score” will be developed 
to accurately identify patients at significant risk for lymph 
node metastases. These individuals may benefit from radical 
resection or more aggressive adjuvant chemoradiation.

Conclusions

Local excision will likely continue to play a significant role 
in the treatment of selected patients with early stage rectal 
cancer. TEM is utilized much more commonly due to its abil-
ity to access the entire rectum, its superior visualization, and 
its precise surgical technique. Early results indicate lower 
local recurrence rates and higher overall survival when com-
pared to traditional techniques of transanal excision. In order 
to improve cure rates and decrease local recurrence, local 
staging must improve. Considering the significance of very 
small metastatic lymph nodes, it is unlikely that ultrasound 
will continue as the primary staging tool. Perhaps a “func-
tional study” which utilizes tumor metabolism will provide 
more accurate staging. In addition, a “scoring system” based 
on anatomic tumor factors (i.e., TNM) combined with his-
topathologic and genetic factors may be developed to help 
predict success and failure of local excision.

The future of local therapy for rectal cancer may evolve 
similar to that of breast cancer treatment. Patients will be 
staged based on anatomic, histologic, and genetic data, then 
treated with neoadjuvant chemotherapy and radiation. Local 
excision, likely TEM, will follow neoadjuvant treatment, 
and will act as a “staging biopsy.” If response to neoadju-
vant treatment is deemed adequate, no further therapy will 
be necessary. However, tumors with a lesser response to ther-
apy will receive radical resection. In this way, major surgery 
and its associated morbidity and mortality will be reserved 
for patients who truly require it. The above algorithm is by 
no means the current standard of care, but many unanswered 
questions remain and treatment recommendations are in 
flux. No progress can be made unless we honestly evaluate 
past treatments, let go of traditional prejudices, and embrace 
sound scientific research, and be willing to change based on 
new information.

Acknowledgment. A previous version of this chapter was 
authored by Ronald Bleday and Julio Garcia-Aguilar.
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44
Surgical Treatment of Rectal Cancer
Ronald Bleday and Nelya Brindzei

Approximately 42,000 patients each year are diagnosed with 
rectal cancer in the USA. Approximately 8,500 die of this 
disease. Despite remarkable recent advances in new onco-
logic agents for the treatment of colon and rectal cancer, 
cure is almost never achieved without surgical resection. 
However, the current management of rectal cancer is now 
more varied and complex because of the new approaches 
with multimodality therapy and the refinements in surgical 
techniques. For example, small distal rectal cancers with 
minimal invasion can be treated with a local excision with 
or without adjuvant therapy. More proximal or more inva-
sive tumors require a “radical” resection. The two most com-
mon procedures are the low anterior resection (LAR) and the 
abdominoperineal resection (APR). Extended resections are 
occasionally required for patients with cancers that invade 
or adhere to adjoining structures such as the sacrum, pelvic 
sidewalls, prostate, or bladder.

This chapter discusses the surgical management of rectal 
cancer including a basic review of the preoperative evalua-
tion and how it pertains to surgical planning, the preoperative 
preparation, the surgical procedures, the biology of rectal 
cancer as it relates to surgery, the issue of margins, and the 
technical nuances that need to be appreciated for a success-
ful resection.

Evaluation of the Patient  
with Rectal Cancer

History

The patient with rectal cancer usually presents to the surgeon 
after a definitive endoscopic diagnosis. The patient’s initial 
complaint may be rectal bleeding, a change in bowel hab-
its, or a sense of rectal pressure. However, with the increase 
in surveillance colonoscopy, many patients are completely 
asymptomatic on presentation. During the initial history, the 
surgeon should ask about certain symptoms because it will 

aid in selecting the best therapy for the patient. For example, 
tenesmus (the constant sensation of needing to move the bow-
els) is often indicative of a large cancer. Constant anal pain or 
pain with defecation suggests invasion of the anal sphincters 
or pelvic floor. Preemptive procedures such as a diverting 
colostomy may be required in patients with these distal pain-
ful cancers. Also, cancers growing into the anal sphincter 
are not candidates for a sphincter-sparing procedure. Ques-
tions concerning a patient’s fecal continence should also be 
discussed before any therapy. Sphincter-sparing procedures 
can put a tremendous stress on even the most normal of pel-
vic floors and anal sphincters. A history of significant conti-
nence problems should prompt a discussion with the patient 
concerning quality-of-life issues. Sphincter-sparing surgery 
in these patients, even if technically possible, often leads to 
significant fecal soiling, and the patient may be better served 
with a resection and permanent colostomy.

Physical Examination and Rigid  
Sigmoidoscopic Examination

A digital rectal examination (DRE) and a rigid sigmoidos-
copy are essential to the surgical decision-making process. 
Both a proper examination and rigid sigmoidoscopy should 
be performed on the initial patient visit unless the patient has 
a painful invasive lesion. On DRE, fixation of the lesion to 
the anal sphincter, its relationship to the anorectal ring (the 
collection of muscles that make up the sphincters), and pos-
sible fixation to both the rectal wall and the pelvic wall can 
be evaluated. For mid rectal or upper rectal lesions, the DRE 
and rigid sigmoidoscopy can help determine how much nor-
mal rectum lies distal to the lower border of the tumor. With 
the combination of DRE and sigmoidoscopy at the initial 
visit, the surgeon can often determine whether a patient is 
a candidate for sphincter-sparing surgery, whether a tempo-
rary diverting ostomy is likely, and what anorectal function 
will be like posttreatment.
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Colonoscopy

A colonoscopy should be performed before surgical  resection 
of a rectal cancer. Colonoscopy allows for confirmation of 
a malignancy through biopsy and the diagnosis and pos-
sible removal of synchronous colonic lesions. Synchronous 
benign polyps have been reported in 13–62% of cases,m and 
synchronous cancers have been reported in 2–8% of cases.1–6 
Even if a colonoscopy has been recently performed on a 
patient, the surgeon should still perform a rigid sigmoidos-
copy because estimates of the location of the lesion are often 
misleading. For example, because of the flexibility of the 
colonoscope, a lesion that is described as 15 cm from the 
anal verge can sometimes be a close as 5 cm from the anal 
verge when evaluated with the rigid scope. Finally, both with 
a colonoscope and rigid sigmoidoscope, one should describe 
the distance from the lower border of the lesion to a stan-
dard distal landmark. The National Cancer Institute (NCI) 
consensus group recommends the use of the “anal verge” 
as the starting point for measuring distance; however, this 
anatomic landmark is variable. An alternative is to use the 
dentate line as the zero point and measure the distance from 
the lower border of the lesion to the proximal border of the 
anorectal ring. This distance is essentially a measure of the 
maximal amount of rectum that one can resect before con-
sidering an APR.

Preoperative Staging

Preoperative staging of a patient with a rectal cancer is 
becoming essential in the decision-making process as adju-
vant modalities become increasingly used preoperatively. 
Also, the range of surgical procedures that can be offered to a 
patient is in part dependent on the preoperative  imaging. For 
a basic evaluation, all patients should receive a chest X-ray 
or chest computed tomography (CT) scan to exclude pulmo-
nary metastases. One can obtain a carcinoembryonic anti-
gen (CEA) level. If increased preoperatively, the CEA level 
should decrease to the normal range after treatment. CEA can 
then be followed postoperatively to detect a  recurrence. Most 
other laboratory evaluations obtained preoperatively are use-
ful for determining pertinent medical problems, but are not 
very helpful in staging. By far, the most useful  staging for 
rectal cancer is abdominal/pelvic imaging with CT, magnetic 
resonance imaging (MRI), or ultrasound (US)

Imaging for Rectal Cancer

Pretreatment abdominal and pelvic imaging of the patient 
with rectal cancer is necessary in this era because of the 
increasing value of preoperative adjuvant therapies. Therapy 
differs depending on stage, depth of invasion into the rectal 
wall within a stage, size of lesion, and location of the tumor. 
In particular, distal and mid rectal cancer treatment manage-
ment will differ depending on the preoperative staging and 

imaging. For upper rectal cancers, imaging to determine 
stage will often not influence the treatment plan. Many of 
these patients with upper rectal tumors will benefit from an 
LAR regardless of the stage and may not require neoadju-
vant therapy as often as low and mid rectal cancers.

Computed Tomography Scan

Differing opinions exist as to whether a CT scan is a useful 
routine assessment modality in a patient diagnosed with a 
rectal cancer. Some would argue that for routine, uncompli-
cated malignancies, a CT scan is generally not necessary, 
since the information obtained will not usually affect the 
treatment plan. This concept is probably more applicable to 
patients with colon cancers versus patients with rectal can-
cers. For rectal cancer, there may be some merit to a baseline 
preoperative CT scan for advanced lesions. CT scanning is 
quite accurate in assessing rectal tumors that have invaded 
adjacent organs. However, for assessment of small primary 
lesions, CT scanning has many limitations. CT scans do not 
effectively visualize the layers of the rectal wall and so do 
not help in evaluating the extent of rectal wall invasion of 
an early cancer. The overall accuracy of CT scanning in 
determining depth of invasion is approximately 70%. Addi-
tionally, CT scanning is limited in its ability to determine 
the presence or absence of lymph node metastases. Overall 
accuracy with CT scanning for assessing lymph nodes in rec-
tal cancer is only 45%.7–11

The most current CT scanning, especially with dynamic 
contrast infusion, has a high accuracy rate in detecting liver 
metastases. However, abdominal US, similar to CT scan, can 
also detect occult liver metastases and should be used when the 
information obtained would alter therapeutic decisions.12 MRI 
is also very useful in evaluating the liver before resection.

Endoluminal Imaging

Endoluminal imaging in the form of endoluminal US and 
endoluminal MRI has become extremely useful in the accu-
rate preoperative staging of a rectal cancer. These modali-
ties allow for more precise determination of the depth of 
invasion and the presence or absence of mesorectal lymph 
node metastasis. The knowledge of these factors is critical in 
determining the sequence and type of therapy for any given 
rectal cancer.

Endoscopic US is performed with a probe that is inserted 
into the rectum via the anus. The patient usually takes a 
small preparation to clear the rectum of stool prior to the 
US. A water-filled balloon is inflated and pressed against the 
rectal lesion. A 7.0- to 10.0-MHz transducer is then used to 
delineate the layers of the bowel wall into five distinct lines. 
Localized cancers involving only the mucosa and submu-
cosa can therefore be distinguished from those tumors that 
penetrate the muscularis propria or extend through the rectal 
wall into the perirectal fat.13 A modified TNM classifica-
tion has been proposed,14,15 in which a US stage T1 lesion 
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(uT1) denotes a malignancy confined to the mucosa and 
submucosa, a uT2 lesion implies penetration of the muscu-
laris propria, but confinement to the rectal wall, a uT3 lesion 
indicates invasion into the perirectal fat, and a uT4 lesion 
denotes a primary rectal malignancy that invades an adjacent 
organ. Studies have compared endorectal US (ERUS)16,17 to 
DRE17 and have found the US much more accurate. A recent 
meta-analysis evaluating all ERUS studies from 1980 to 
2008 showed that accuracy was high (88–95%). The sensi-
tivity and specificity of ERUS to diagnose stage T1 cancer 
were 87.8 and 98.3%, respectively. For stage T2, ERUS had 
a sensitivity and specificity of 80.5 and 95.6%. For stage T3, 
ERUS had a sensitivity and specificity of 96.4 and 90.6%, 
respectively. In diagnosing stage T4 cancer, ERUS had a sen-
sitivity of 95.4% and a specificity of 98.3%.18

ERUS is less useful in predicting lymph node metastases 
with a sensitivity of 73.2% and a specificity of 75.8%.19

Endosonographically identified malignant lymph nodes 
are generally more hypoechoic in perirectal tissues.20 How-
ever, these results are only seen with experienced operators. 
The disadvantage of ERUS is that it is operator dependent 
and is less accurate for bulky disease or advanced rectal can-
cer due to depth of penetration.

Two methods of MRI can be used for the evaluation of 
rectal cancer. One can use the endorectal coil (ecMRI) or the 
surface coil MRI. The use of the MRI, either the endorec-
tal or the surface coil, may offer some advantages compared 
with ERUS. First, it permits a larger field of view. Second, 
it may be less operator and technique dependent. And third, 
using the MRI may allow for the study of stenotic tumors.21–24 
Similar to ERUS, endorectal MRI (eMRI) can stage small-
volume nodal disease and subtle transmural invasion. In 
general, eMRI has been more helpful in the assessment of 
perirectal nodal involvement than T stage. One reason is that 
MRI can identify involved nodes on the basis of character-
istics other than size.25 Reported accuracy rates of MRI for 
nodal staging range from 50 to 95%.24–27

Several series have compared the preoperative staging 
accuracy of ecMRI to ERUS in patients with rectal can-
cer.24,26–28 In a report of 89 patients, the overall accuracy for 
T staging was similar (81%) for ecMRI and ERUS com-
pared with only 65% for CT.29 The accuracy for N staging 
was equally poor among the three modalities (63, 64, and 
57% for ecMRI, ERUS, and CT, respectively). Somewhat 
similar results were noted in a series of 49 patients.28 Trans-
mural penetration was predicted by ecMRI with equal sen-
sitivity (89%), but higher specificity (65 versus 33%) than 
ERUS. With both techniques, the predicted N stage had a 
relatively low correlation with pathologic N stage (45 ver-
sus 53%). In one report of 21 patients, ERUS seemed to be 
superior to ecMRI for determination of pathologic T stage 
(accuracy 83 versus 40%) because of better differentiation 
between T1 and T2 tumors. The accuracy for detecting peri-
rectal tumor infiltration was 80% for ecMRI versus 100% 
for ERUS.27

The ecMRI is less operator dependent, and in answering 
the critical question of whether a patient has Stage I ver-
sus Stage II or Stage III disease, ecMRI was 88% accurate. 
Those patients who were not staged correctly were usually 
overstaged and not understaged.

Double-contrast MRI may permit more accurate T stag-
ing of rectal cancer by allowing better distinction among 
mucosa, muscularis, and perirectal tissues.30,31 The specific-
ity and sensitivity of ecMRI to predict infiltration of the anal 
sphincter was 100 and 90%, respectively. However, N stag-
ing was not improved with this approach; the sensitivity and 
specificity for nodal disease was 68 and 24%, respectively.

Phased-array surface coil MRI may prove to be the option 
of choice for staging of more advanced rectal cancers. The 
technique has been useful in predicting the likelihood of a 
tumor-free resection margin by visualizing tumor involve-
ment of the mesorectal fascia.32 However, it is less accurate 
for prediction of the correct T stage. Currently, we use this 
MRI technique along with CT scan of the abdomen and pel-
vis as our baseline imaging for all rectal cancers.

Preparation of the Rectal Cancer Patient 
for Surgery

After the diagnosis and staging of a rectal cancer, a decision 
needs to be made regarding optimal method of treatment. 
The surgical approach is dependent on the location of the 
tumor, its depth of invasion, and whether, in the preoperative 
evaluation, metastases have been discovered. If the patient 
is a candidate for a local excision or for a radical resection, 
the patient needs to be prepared for the procedure and the 
anesthetic so as to minimize perioperative and postoperative 
complications. Particular attention needs to be given to the 
patient’s medical comorbidities. Unique to colon and rectal 
surgery is the use of a bowel preparation.

Bowel Preparation

There were multiple studies questioning the benefit of a 
bowel preparation in colorectal surgery. The rationale for 
a bowel preparation is that it improves visualization of lumi-
nal surfaces and reduces fecal flora, which possibly translates 
into reduction of anastomotic and infectious complications. 
Cochrane database review study published in 2005 showed 
no difference in terms of mortality, wound infection rates, 
extraabdominal complications, and reoperations in bowel 
preparation group versus nonbowel preparation group. It 
did, however, show statistically significant increased inci-
dence of anastomotic leak in bowel preparation group (6.2 
versus 3.2%, p = 0.003). The difference was not statistically 
significant upon stratification of the groups based on the site 
of the surgery.33 More recent RCTs published in 2007 did not 
show a difference in anastomotic leaks (4.8 versus 5.4%) or 
other complications.34,35 The most recent meta-analysis study 
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published by Pineda et al.36 showed no difference in terms of 
anastomotic leak (4.2 versus 3.5%) or wound complications 
(9.9 versus 8.8%). Despite these studies, bowel preparation 
is still widely practiced by many surgeons.

Currently, there are several methods used to mechanically 
cleanse the large intestine. These methods include a diet of 
clear liquids 1–3 days before surgery combined with one of 
the following: laxatives, enemas, whole-gut irrigation with 
saline via a nasogastric tube, mannitol solutions, polyethyl-
ene glycol (PEG) electrolyte lavage solutions, or PEG-based 
tablets. In a 1990 survey of colon and rectal surgeons, almost 
two-thirds preferred the PEG solutions for their patients 
because of the reliability of the cleansing results.37 Many 
surgeons today continue to use these PEG solutions as a 
bowel preparation. Despite these recent studies, we would 
still recommend some type of colonic cleansing before sur-
gery because it is easier to manipulate the bowel if it is not 
filled with stool. It should be emphasized that one should 
not force a preparation on a patient because the benefits may 
be minimal. Furthermore, the choice of preparation should 
be selected depending on the individual. For instance, large-
volume lavage solutions should not be used in patients with 
gastric emptying problems such as gastroparesis caused by 
diabetes. Saline laxatives are often phosphate- or magne-
sium-based and should not be used in patients with renal 
failure.

Antibiotic Prophylaxis

Antibiotic prophylaxis is used to decrease the incidence of 
postoperative septic complications, as mechanical cleansing 
decreases the total volume of stool in the colon but does not 
affect the concentration of bacteria per milliliter of effluent.38 
Traditional prophylaxis uses an oral regimen known as the 
Nichols/Condon preparation. This regimen consists of neo-
mycin 1 g and erythromycin base 1 g by mouth at 1:00 p.m., 
2:00 p.m., and 11:00 p.m. on the day before surgery.39 
Many surgeons have substituted metronidazole 500 mg for 
the erythromycin base because it is bacteriocidal against a 
greater percentage of gut anaerobes.

Most surgeons use perioperative systemic antibiotics 
instead of oral antibiotics for antibiotic prophylaxis. Regi-
mens need to include coverage for both aerobic and anaero-
bic gut bacteria. For long procedures, redosing should be 
considered depending on the serum half-life of the antibi-
otics used. Some have argued that double prophylaxis with 
both oral and intravenous antibiotics is of benefit in immu-
nocompromised patients or in patients in whom the dissec-
tion is below the peritoneal reflection.

Other Perioperative Issues

Besides the mechanical and antibiotic preparation of the 
bowel, all patients are prepared in the usual manner for major 
surgery. Blood loss is usually quite minimal for most  elective 

colorectal surgery, and typically patients are not asked to 
donate autologous blood. Cardiac, pulmonary, and nutri-
tional evaluations are performed when necessary. Periopera-
tive systemic antibiotic coverage is expanded in patients with 
high-risk cardiac lesions such as prosthetic heart valves, a 
history of endocarditis, or a surgically constructed systemic-
pulmonary shunt, and with intermediate-risk cardiac lesions 
such as mitral valve prolapse, valvular heart disease, or idio-
pathic hypertrophic subaortic stenosis.38 Intravenous ampi-
cillin 2 g and gentamicin 1.5 mg/kg are given 1/2–1 h before 
the procedure and for at least one postoperative dose. Oral 
anticoagulation is stopped and patients are placed on intrave-
nous anticoagulation or on Lovenox® approximately 5 days 
before surgery. The heparin or Lovenox® is then stopped at 
the appropriate time before surgery (8 or 12 h, respectively). 
Depending on the individual risk of the patient and the extent 
of the operative dissection, anticoagulation is restarted as 
early as 8 h after surgery, but without a bolus. Careful moni-
toring of the patient’s hematocrit and partial thromboplastin 
time is necessary if early reheparinization is instituted.

Anatomic and Biologic Issues

Surgical Anatomy

The type of operation that can be offered to a patient with rec-
tal cancer depends not only on the tumor’s stage but also on 
its location as this may determine resectability and sphincter 
preservation or sacrifice. The NCI consensus on rectal cancer 
recommended localizing the tumor relative to the anal verge, 
which is defined as starting at the intersphincteric groove. 
Another important landmark defining the upper limit of the 
anal canal is the anorectal ring. From the  surgeon’s perspec-
tive, the top of the anorectal ring is the lower limit of a distal 
resection margin. A large, full- thickness cancer needs to be 
located high enough above the top of the  anorectal ring to 
allow for an adequate distal margin if sphincter  preservation 
is contemplated. If the dissection is to be carried lower 
toward the dentate line, then the tumor must be confined to 
the mucosa, submucosa, and superficial layer of the internal 
sphincter.

Biologic Issues

It is important to understand the clinical biology of rec-
tal cancer. “Clinical” biology means the typical pattern 
of growth and natural history of the spread of the disease. 
Studies have shown that colon cancer frequently arises in 
adenomatous polyps of the colon or rectum. Also, there is 
a 13–62% incidence of polyps in patients with carcinoma 
of the colon or rectum.40–43 The variation observed in the 
incidence of coexisting adenomas with carcinoma of the 
colon or rectum depends in part on the method of study.1,2 
Whatever method used to study the issue, one can clearly 
say that the vast majority of carcinomas arise in preexisting 
adenomas.44–46 In preparing a patient for surgery, the surgeon 



74744. Surgical Treatment of Rectal Cancer

should have the colon completely evaluated preoperatively 
so as to be able to operatively treat any synchronous disease 
that cannot be endoscopically removed.

The biology of lymph node metastases with invasive rectal 
cancer is important to note and is somewhat different from 
that of other solid tumors such as breast cancer. Gabriel 
et al.47 reported in 1935 that colorectal cancers tend not to 
have “skip” metastases. Rectal cancers usually proceeded 
in an orderly sequence from the adjacent mesorectal nodes 
up the lymphatic chain to the upper extent of the mesentery 
along the inferior mesenteric artery (IMA) and vein systems. 
From the surgeon’s perspective, this usually predictable pro-
gression means that early intervention along with proper 
locoregional resection will cure most cancers. As part of 
a multimodality team that now treats most solid tumors, it 
must be emphasized to our medical colleagues that a rectal 
cancer is not a systemic disease from the first abnormal cell 
division. Aggressive local therapy in the form of an adequate 
resection is still the “anchor” to any therapy.

Surgical therapy may need to be customized in patients 
with certain polyposis syndromes or in cancers associated 
with inflammatory bowel disease. With both of these con-
ditions, a total proctocolectomy needs to be performed. 
Sphincter preservation can be considered in certain patients; 
however, it should be recognized that any mucosa left intact 
is at an increased risk of developing cancer. The anal transi-
tional zone needs to be biopsied to identify dysplasia. If dys-
plasia is present, then a proctocolectomy with end ileostomy 
needs to be performed.

Surgical Procedures: Principles

Resection of the bowel with primary anastomosis was not a 
common phenomenon until the late 1940s. Before that time, 
surgery of the colon and rectum usually meant a permanent 
stoma.48 Recent advances have been made in the surgical 
techniques for rectal cancer. The result is that primary resec-
tion and anastomosis without a colostomy or ileostomy are 
now the rule rather than the exception.

Palliation should be the goal in a patient for whom cura-
tive resection is not possible. If the patient is a reasonable 
operative risk and the extent of metastatic disease is minimal, 
then complete but palliative resection of the primary tumor 
leads to a better quality of life and prevents many of the 
distressing symptoms of an advanced primary lesion such 
as obstruction, bleeding, and pain. If the primary lesion is 
not resectable, then diversion of the fecal stream can sig-
nificantly improve the patient’s immediate status. However, 
nonoperative therapy should be considered when there is 
significant metastatic disease and the primary tumor is rel-
atively small and uncomplicated. In these cases, a colonic 
stent can be used if the patient needs to be relieved of an sig-
nificant partial obstruction. Placement of a stent, however, 
is just a temporizing maneuver. If the patient responds to 

 chemotherapy after a stent is placed, then a more definitive 
diversion or resection can be reconsidered in the otherwise 
healthy patient. As highlighted in a study from Memorial 
Sloan-Kettering, resection of a primary tumor in a patient 
with metastatic disease did not prolong overall survival. 
However, one has to individualize the therapy to each situa-
tion. Further, greater response to chemotherapy or the ability 
of new chemotherapy regimens to stop progression of dis-
ease will force us to reevaluate this clinical scenario on an 
ongoing basis.

Variability in Outcome Based on Surgeon  
and Hospital Volume

The cancer resection margin in the extraperitoneal rectum is 
limited by the bony confines of the pelvis, as well as by the 
proximity of adjacent anterior organs. In some cases, locore-
gional recurrence may be inevitable. However, locoregional 
failure may also result from incomplete surgery. There is 
accumulating evidence of variability among surgeons in local 
recurrence rates for stage-matched rectal cancers. McArdle 
and Hole49 presented a review of 645 patients undergo-
ing colorectal cancer resection at the Royal Infirmary in 
Glasgow. They observed significant variability in patients’ 
postoperative morbidity, mortality, and ultimate survival, 
depending on the surgeon. The proportion of patients under-
going a curative resection varied from 40 to 76%, operative 
mortality from 8 to 30%, local recurrence from 0 to 21%, 
and anastomotic leak rates from 0 to 25%.

Hospital volume can also have an impact on colostomy 
rates, postoperative mortality, and overall survival as shown 
in a series of 7,257 patients diagnosed with Stage I–III rectal 
cancer between 1994 and 1997.50 When hospitals with the 
highest quartile of volume (more than 20 procedures annu-
ally) were compared with those with volumes in the lowest 
quartile (fewer than seven procedures annually), there were 
statistically significant differences in colostomy rates (29.5 
versus 36.6%), 30-day postoperative mortality (1.6 versus 
4.8%), and overall 2-year survival (83.7 versus 76.6%).

The ability to perform sphincter-sparing surgery is also 
affected by hospital volume. In the USA Intergroup 0114 
trial of 1,330 patients with Stage II or III rectal cancer par-
ticipating in an adjuvant treatment trial, APR rates were sig-
nificantly higher in low-volume hospitals (46 versus 32% at 
lowest and highest volume hospitals, respectively).51 Low 
hospital surgical volume was only an important predictor of 
inferior overall or recurrence-free survival in patients who 
did not complete their planned adjuvant chemoradiotherapy.

Total Mesorectal Excision

Total mesorectal excision in conjunction with an LAR or an 
abdominal perineal resection involves precise sharp dissec-
tion and removal of the entire rectal mesentery, including that 
distal to the tumor, as an intact unit.52 Unlike conventional 
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blunt dissection, the rectal mesentery is removed sharply 
under direct visualization emphasizing autonomic nerve 
preservation, complete hemostasis, and avoidance of viola-
tion of the mesorectal envelope. Its rationale is underscored 
by the hypothesis that the field of rectal cancer spread is 
limited to this envelope and its total removal encompasses 
virtually every tumor satellite. The reduction of positive 
radial margins can be reduced from 25% in conventional sur-
gery to 7% in cases resected by TME. Furthermore, Adam 
et al.53 showed that patients with positive radial margins were 
three times more likely to die and 12 times more likely to 
have local recurrence than patients without radial margin 
involvement.

Conventional surgery violates the circumference of the 
mesorectum during the blunt dissection along undefined 
planes. This leaves residual mesorectum in the pelvis. The 
higher rate of pelvic recurrence in conventional surgery is a 
reflection of inadequate resection and residual viable tumor 
burden within the pelvis. Several surgical teams using the 
TME technique have reported local failure rates ranging 
from 5 to 7% for Stage II and Stage III cancers.52–56 By con-
trast, the North Central Cancer Treatment Group, NCCTG, 
control arm consisting of surgery plus radiotherapy had a 
local failure rate of 25%, and the addition of chemotherapy 
only decreased the local failure rate to half of that value.57

Fortunately, improved local control seems to be translat-
able into improved overall survival. Survival ranges from 68 
to 78% are observed among large published series when this 
technique is applied.

The meticulous dissection, however, is not without conse-
quence. Prolonged operative time and increased anastomotic 
leak rates are noted. Anastomoses 3–6 cm from the anal 
verge have led up to 17% leak rates such that many centers 
routinely fashion a protective diverting stoma.

Conventional rectal surgery is associated with a significant 
incidence of sexual and urinary dysfunction. Presumably, 
this problem is related to damage to the pelvic autonomic 
parasympathetic and sympathetic nerves by blunt dissection 
forces.58 Postoperative impotence and retrograde ejaculation 
or both have been observed in 25–75% of cases particularly 
if lateral-wall lymphadenectomy and splanchnic nerve resec-
tion are performed. By contrast, after TME with its careful 
nerve-sparing dissection, impotence has been reported in 
only 10–29% of cases. A recent prospective study has con-
firmed that autonomic nerve preservation yields good results 
in terms of morbidity and functional outcome.59

There are well-recognized points during the rectal dissec-
tion where nerve injury can occur. The most proximal is the 
sympathetic nerve plexus surrounding the aorta. These sym-
pathetic nerve trunks are also prone to injury near the pelvic 
brim as the bifurcate to each side of the pelvis. Intact nerves 
should look like a “wishbone” near the sacral promontory 
after a proper dissection. The clinical consequence of an iso-
lated sympathetic nerve injury is retrograde ejaculation. If 
one proceeds with a dissection beneath the presacral or pel-
vic fascia from the sacral promontory around to the lateral 

pelvic sidewall, then one can injure both  parasympathetic 
and sympathetic nerves, which can result in impotence and 
bladder dysfunction. In the lower part of the mid rectum, 
the hypogastric plexus and nervi erigentes can be injured in 
the anterolateral pelvis. A radial dissection well outside the 
lymphovascular bundle, which lies adjacent to the nerve and 
nerve plexus, can also lead to a mixed parasympathetic and 
sympathetic injury. This bundle and the nerve structure are 
typically located just lateral to the seminal vesicles in a man 
or the cardinal ligaments in a woman. Finally, a dissection 
anterior to both layers of Denonvillier’s fascia in a man can 
also put at risk the nerve and nerve plexus.

To date, all data are from prospectively gathered series 
and comparisons with historical controls. There are no ran-
domized control data clearly showing benefits in terms of 
disease-specific and overall survival in patients undergoing 
TME as opposed to more conventional resection.

Adjuvant therapy has recently been shown to improve 
the results of TME surgery. In a two-arm, randomized study 
comparing TME with or without preoperative radiotherapy 
for resectable rectal cancer, patients receiving the combined 
therapy had a lower rate of local recurrence at 2 years. Subset 
analysis showed the most significant benefit in node-positive 
cancers.60 The “completeness” of the TME also correlated 
with prognosis.61 Adjuvant therapy should therefore be con-
sidered in patients undergoing TME surgery with Stage II 
and Stage III disease.

Figure 44-1 demonstrates schematically how the dissec-
tion should proceed. Figure 44-2 shows a cross-section of 
the rectum, the mesorectal fat, and the associated fascia.

Distal Margins and Radial Margins

The extent of resection margins in rectal cancer remains 
 controversial. Although the first line of rectal cancer spread 
is upward along the lymphatic course, tumors below the peri-
toneal reflection also spread distally by intramural or extra-
mural lymphatic and vascular routes. When distal intramural 
spread occurs, it is usually within 2.0 cm of the tumor, unless 
the lesion is poorly differentiated or widely metastatic.62–64 
Williams et al.65 in 1983 reported distal intramural spread 
in 12 of 50 resected rectal cancer surgical patients. It was 
observed that 10 of the 12 had Stage III lesions. Only 6% 
had distal intramural spread greater than 2 cm. They con-
cluded a “wet” margin of 2.5 cm was adequate in 94% of 
the patients. They noted that only five patients (10%) had 
tumors beyond a 1.5-cm margin, and all five of these patients 
had poorly differentiated, node-positive cancers. Also, the 
mortality in this group of patients was attributable to dis-
tant metastases, not local recurrence. All of these patients 
had undergone an APR and had distal margins of greater 
than 5 cm. Grinnell62 reported five cases of extramural ret-
rograde lymphatic spread within 1.5 cm in 93 rectal can-
cers. He also reviewed 28 patients with atypical retrograde 
lymphatic  dissemination all of whom died within 5 years. 
He concluded that  retrograde lymphatic spread was a poor 
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prognostic sign and that more radical operations were not 
advantageous. Pollett and Nicholls66 observed no difference 
in local recurrence rates whether distal margins of <2 cm, 
2–5 cm, or >5 cm were achieved. Finally, in two early stud-
ies from the British literature, surgical pathology of rectal 
and rectosigmoid cancer demonstrated the clinical biology 
of extramural lymphatic spread. In the series by Goligher 
et al.67 from 1951, only 6.5% of patients had metastatic 
glands below the primary tumor, whereas 93.5% had no ret-
rograde spread. Approximately two-thirds of patients with 
retrograde spread had metastasis limited to within 6 mm of 
the distal tumor edge, and only 2% had metastasis beyond 
2 cm. Dukes68 published similar results in a study of more 
than 1,500 patients who had undergone APR.

Further data from a randomized, prospective trial con-
ducted by the National Surgical Adjuvant Breast and Bowel 
Project demonstrated no significant differences in survival 
or local recurrence when comparing distal rectal margins of 
<2 cm, 2–2.9 cm, and >3 cm.69 As a result, a 2-cm distal mar-
gin has become acceptable for resection of rectal carcinoma, 
although a 5-cm proximal margin is still recommended.70 
The radial margin is more critical for local control.

Based upon these extensive data, a 2-cm distal margin 
can is generally justifiable over a 5-cm distal margin. Even 
smaller distal margins may be acceptable in certain patients 
for whom there is no other option for sphincter preservation. 
In these cases, a frozen section analysis of the distal margin 
must be performed to confirm a cancer-free margin.

The discussion concerning the distal margin should not be 
confused with the issues regarding a TME and the radial mar-
gin. It is now clear that the status of the radial  margin is per-
haps the most critical in determining prognosis. Quirke et al.71 

Figure 44-1. Schematic representation of the correct TME dissection versus an incorrect dissection. The dissection should proceed 
between the mesorectal fascia and the pelvic wall fascia to ensure a “complete” TME.

Figure 44-2. Transverse diagram of the structures of the mid  rectum. 
The proper dissection proceeds just outside the mesorectal fat and 
fascia but with sparing of the neurovascular bundle and hypogastric 
plexus that is located anterolaterally along the pelvic sidewall. One or 
both layers of Denonvillier’s fascia should be included in males and the 
equivalent fascial dissection along the back of the vagina in females.
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in 1986 demonstrated tumor spread to the radial margins of 
14 of 52 rectal cancers on whole mount specimens (27%). 
Twelve of these 14 patients subsequently developed local 
recurrence, suggesting that local recurrence is largely a result 
of radial spread. Cawthorn et al.55 also documented that 
tumor involvement of the lateral resection margin correlated 
with poor prognosis; however, it seemed to correlate more 
with distant spread, and it was not a useful indicator of local 
recurrence.

Lateral Lymph Node Dissection

A complete clearance of lateral lymph nodes or extended 
lateral lymph node dissection (ELD) for low-lying rectal 
cancers with suspected or high risk for lateral lymph node 
metastasis has become a routine practice in Japan. The prac-
tice is based on the existence of lateral lymphatic drainage 
of the rectum, which TME does not encompass. Lateral lym-
phatic flow passes from the lower rectum and through lateral 
ligaments beyond mesorectum and ascends along internal 
iliac arteries and inside the obturator spaces. The recent study 
from Japan showed that the incidence of lateral lymph node 
involvement for low-lying rectal cancer is 16.4%.72. A recent 
study from The Netherlands compared the treatment of rec-
tal cancer between Japan and The Netherlands and showed 
5-year local recurrence rates of 6.9% for the Japanese ELD 
group, 5.8% in the Dutch RT + TME group, and 12.1% in the 
Dutch TME group.73

ELD is associated with a much higher rate of urinary and 
sexual dysfunctions as compared to standard TME. Another 
study from Japan showed that degree of urinary and sexual 
dysfunction depended not only on the extent of autonomic 
nerve resection but also on the extent of ELD in independent 
fashion.74

ELD is a controversial topic, and more studies need to be 
done on its effectiveness and the benefits versus increased 
morbidity before it can be recommended as a standard of 
care. However, in some patients where there are palpable 
nodes along the pelvic sidewall and along the iliacs, a patient 
may benefit from this extended dissection.

Selection of Appropriate Therapy  
for Rectal Cancer

The management of rectal cancer has become increasingly 
complex. Presently, a surgeon has three major curative options: 
local excision, sphincter-saving abdominal surgery, and APR. 
Ideal candidates for local therapy that preserves anal sphincter 
anatomy and function include small T1 lesions (invasion only 
into the submucosa) and T2 lesions (invasion into the muscu-
laris propria). As will be discussed, patients with T2 lesions 
probably should not have surgery alone. Recurrence is high. 
Preoperative or postoperative adjuvant chemoradiation is of 
benefit. At present, patients with T3 lesions (invasion into the 
perirectal fat) are not suitable candidates for local therapy and 

should be treated with an appropriate major resection as well 
as adjuvant therapy in most cases.

Certain clinical features also may have an impact on 
 decisions about the appropriate therapy. Patients with physi-
cal handicaps may have significant difficulty in managing 
a stoma. Body habitus and patient gender influence the 
surgeon’s ability to perform a sphincter-saving operation 
because of pelvic anatomy. Whereas a sphincter-saving pro-
cedure in a multiparous thin female can be straightforward, 
performing a low anastomosis in an obese male with a nar-
row pelvis can be extremely difficult. A history of pelvic 
irradiation or nonrectal pelvic malignancy can make a rectal 
resection and sphincter preservation more difficult.

In summary, each patient with rectal cancer should be 
individually evaluated, and a technical plan for their resec-
tion is customized to their stage, gender, age, and body habi-
tus (Figure 44-3). With these issues in mind, the technical 
choices for a radical resection are discussed below. In all of 
these resections, a TME should be performed. Local treat-
ments are then described in detail.

Techniques of Rectal Excision

Abdominoperineal Resection

The APR was the first radical resection described by Miles 
in 1908 (reprinted in 1971).75 Miles set out several principles 
to be achieved with any radical resection. These principles 
included:

Removal of the whole pelvic mesocolon•	
Removal of the “zone of upward spread” in the rectal mes-•	
entery
Wide perineal dissection•	
An abdominal anus•	
Removal of the lymph nodes along the iliacs.•	

Four of five of these principles are the anchor of our  technique 
even today (the dissection along the iliacs is not routinely 
done).

Candidates for an APR include patients whose tumors 
are either into the anal sphincter or are so close to the anal 
sphincter that a safe distal margin cannot be obtained. Also, 
there is a small subset of patients with mid rectal tumors but 
with poor continence who may benefit from an APR, even 
though they are technically sphincter-preservation candidates. 
There have been recent reports that obturator/pelvic sidewall 
lymph nodes are more often involved in patients with very 
low rectal cancers. It has been suggested that these patients 
should undergo an extrafascial TME dissection.72 Although 
there is some merit to this concept, we describe herein two 
approaches to APR with TME, excision of the sphincter 
and levators, and creation of a permanent colostomy. Tra-
ditionally, the APR has been done in lithotomy position. 
Recently, there have been reports of oncologic superiority of 
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 cylindrical APR that is performed in prone position.76 The 
 cylindrical approach closely resembles the original Miles 
APR.75,77 The recent paper of West et al. showed that cylin-
drical APR results in more cylindrical specimen (hence the 
name) and removes more tissue in the distal rectum and leads 
to lower radial margin involvement (14.8 versus 40.6%) and 
intraoperative rectal perforations (3.7 versus 22.8%).76 The 
experience in our center shows that cylindrical APR leads to 
fewer wound complications likely due to better visualization 
and better skin preparation; operative time remains the same.

Position

For traditional APR, the patient is placed in the lithotomy 
position. We often elevate the mid and upper sacrum off the 
bed with a blanket or a towel so that the coccyx is away from 
the bed and therefore able to be more easily prepped into 
the field. For cylindrical APR, the patient is placed supine 

for TME portion of the operation and stoma creation and 
rotated to prone for perineal dissection. We usually have the 
second OR table ready with appropriate padding for all the 
pressure points so that the patient can be easily moved to 
prone position.

Incision and Exploration

The abdomen is usually entered through a midline incision. 
In thin patients, the incision can often be kept below the 
umbilicus. Low transverse incisions can also be performed 
as long as the ostomy site is not compromised. The APR 
is also a good application of laparoscopic surgery, as the 
abdominal portion of the procedure can be performed using 
laparoscopic techniques with extraction of the specimen 
through the perineum.

The exploration of the abdomen and pelvis should be 
the first step after accessing the abdomen. The liver,  aortic 

Figure 44-3. Treatment options for rectal cancer depending on stage and location. Stage I (T1N0, T2N0 – the cancer is confined to the 
rectal wall, and no nodes are involved). Distal rectal cancers: T1 (invasion into the submucosa only): Local excision; Radical resection, 
often an APR; Adjuvant therapy is usually not recommended. Distal rectal cancers: T2 (invasion into the muscularis propria): Local exci-
sion with preoperative or postoperative adjuvant therapy; Radical resection without adjuvant therapy, often an APR. Mid rectal cancer: 
T1: TEM (transanal endoscopic microsurgery); Radical resection, usually an LAR with low anastomosis. A temporary proximal diverting 
ostomy is often required; Adjuvant therapy is usually not recommended. Mid rectal cancer: T2: TEM with either preoperative or postop-
erative adjuvant therapy; Radical resection similar to a T1 cancer; Adjuvant therapy is not recommended if a radical resection is performed 
but is recommended before or after a TEM resection. Upper rectal cancers: T1 and T2: LAR; TEM? Stage II and Stage III cancers [Stage 
II cancers have invasion into the mesorectal fat (T3) but no involved mesorectal lymph nodes. Stage III cancers are any rectal cancer (T1, 
T2, or T3) but with involved lymph nodes.] Distal rectal cancers: Preoperative adjuvant therapy is most often recommended followed by 
a radical resection, usually an APR; If preoperative imaging does not clearly define the stage of the cancer, resection can be done first fol-
lowed by postoperative adjuvant therapy. Mid rectal cancers: Same as above for distal rectal cancers except an LAR is usually performed 
instead of an APR. Upper rectal cancers: LAR, with either preoperative or postoperative adjuvant therapy. Stage IV cancers: Treatment 
for any cancer is dependent on the extent of metastasis. With better surgical and medical treatments for metastatic disease, locoregional 
control of the primary should be aggressive and similar to the above recommendations except in the most advanced cases. Key: LE local 
excision, short XRT short-course radiation therapy given two times a day for 5 days in larger fractions, ChXRT long-course therapy given 
in 30 smaller fractions over 6 weeks in combination with chemotherapy.
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lymph nodes, superior hemorrhoidal lymph nodes, iliac 
lymph nodes, and the pelvis should all be examined. A large 
tumor burden, particularly multiple peritoneal implants, 
should lead to a reassessment of the need for resection, and 
perhaps only a colostomy should be performed.

Mobilization

The sigmoid colon and left colon need to be mobilize to 
excise the whole pelvic mesocolon and “zone of upward 
spread.” The mobilization begins along the left pelvic brim. 
The gonadal vessels, ureter, and iliacs are reflected toward 
the retroperitoneum, and the colon and mesocolon are pulled 
toward the midline. The left colon is mobilized, but the 
splenic flexure rarely needs to be taken down. The dissection 
then is started on the right pelvic brim. Often, one can iden-
tify the sympathetic nerve trunks behind the superior hemor-
rhoidal artery (SHA) as one mobilizes the rectal mesocolon 
away from the sacral promontory.

Resection and Ligation

After mobilization of the mesentery, the bowel is divided 
near the sigmoid colon/left colon junction at right angles to 
the blood supply (Figure 44-4). Because a high ligation of 
the SHA or of the IMA is planned, the blood supply to most 
of the sigmoid colon will be compromised. For most cases, 
a ligation of the SHA flush with the left colic artery should 
be performed. A higher ligation of the IMA should be per-
formed if there is any question of lymph node involvement 
outside the pelvis (e.g., palpable nodes along the SHA up to 
or above the left colic artery). The IMA should be ligated 
flush with the aorta, and the inferior mesenteric vein should 
be ligated near the ligament of Treitz. A high ligation may 
also be required for additional colonic mobilization.

After dividing the bowel, sequential clamps of the sigmoid 
vessels are placed and the mesentery is ligated and divided. 
A high ligation is performed of the SHA with care being 
taken to not injure the ureters, and also to make sure that the 
sympathetic nerve trunks are preserved.

Total Mesorectal Excision

A successful total mesorectal excision (TME) starts with the 
proper ligation of the SHA or IMA. As one dissects down 
toward the sacral promontory, the sympathetic nerve trunks 
are identified. The dissection plane is just anterior or medial 
to these nerves. Using the cautery or scissors, the nerves are 
reflected toward the pelvic sidewall, while the mesorectal 
fascia surrounding the mesorectal fat is kept as an intact 
unit. The dissection starts posteriorly and then at each level 
proceeds laterally and then anteriorly. In the mid rectal area 
along the lateral sidewalls, one can sometimes see the para-
sympathetic nerves tracing anteriorly toward the hypogastric 
plexus. The plexus is usually on the anterolateral sidewall 
of the pelvis, just lateral to the seminal vesicles in the man 

and the cardinal ligaments in the woman. There is often a 
tough “ligament” that traverses the mesorectum at this point. 
It theoretically contains the middle rectal artery. However, 
in a study by Jones et al.78, this artery is only present to any 
significance about 20% of the time.

The anterior dissection is perhaps the most difficult. In 
men, one should try to include the two layers of Denonvil-
lier’s fascia. This fascia is composed of peritoneum that has 
been entrapped between the seminal vesicles and prostate 
anterior and the rectum posterior (Figure 44-5). In woman, 
the peritoneum at the base of the pouch of Douglas is incised, 
and the rectovaginal septum is then separated.

If properly done, the mesorectum begins to appear as a 
bulky bilobed structure. As one progresses distally beyond 
the mid rectum, the mesorectal fat begins to attenuate. At the 
pelvic floor, there is often only a thin layer of mesorectal fat 
around the bowel.

Figure 44-4. The vascular supply of the sigmoid and rectum. 
A typical ligation is performed at the junction of the SHA and left 
colic artery. In patients with a clinical suspicion of positive nodes 
at the level of the IMA, or if vascular mobilization is needed for 
the left and transverse colon, a ligation of the IMA is performed at 
the aorta.
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Perineal Dissection

In traditional APR, as the abdominal procedure proceeds 
distally, the perineal dissection can commence. Before the 
preparation and draping of the patient, the position of the 
perineum is ensured so as to allow a wide elliptical incision 
around the anus. The rectum is usually cleared of any stool 
or residual preparation, and the anus is sewn closed. The 
incision for the perineal dissection starts anteriorly at the 
perineal body, goes laterally to the ischiorectal spines, and 
then finishes posteriorly at the tip of the coccyx. After incis-
ing the skin and subcutaneous ischiorectal membrane and 
fat, the levators are then encountered. The perineal surgeon 
then coordinates their dissection with the abdominal team in 
the posterior precoccygeal plane. A pair of long scissors or 
an electrocautery can be used to divide the ligaments in the 
posterior midline behind the rectum. Once a connection has 
been opened, the perineal surgeon places their finger above 
the levators and “hooks” them down toward the perineal 
field. The levators are then divided with the cautery. The 
dissection starts posteriorly and then proceeds laterally and 
anteriorly. Often, it is best to complete the anterior dissection 
after the proximal portion of the specimen has been everted 
out to the perineal surgeon. The remaining attachments in 
the anterior plane are then divided with the cautery. Once the 
specimen is removed, hemostasis is ensured with the cautery 
or absorbable figure-of-8 sutures. Typically, there are ves-
sels that need to be ligated in the crease between the lateral 
prostate and the pelvic floor.

If a cylindrical APR is planned, the patient needs to 
be changed to prone position after TME is complete and 
 permanent colostomy is created. The pelvis is elevated on 

a pillow, and the buttocks are taped apart. The skin  incision 
is marked in elliptical fashion to extend from coccyx to 
ischial tuberosities to perineal body. The incision is made 
with knife through the skin and extended down through 
subcutaneous tissues with electrocautery. At this point, two 
Gelpi  retractors or a Lone Star retractor (Lone Star Medical 
Products Inc., Stafford, TX) facilitate the dissection. Simi-
lar to traditional approach, anococcygeal ligament is broken 
through with a pair of large scissors or an elctrocautery and 
which are retracted wide open to create enough space for sur-
geon’s finger to hook the levators, thus facilitating the lateral 
dissection of the rectum. Care is taken to dissect the levators 
of pelvic sidewall. After lateral attachments are taken down, 
the rectum is everted onto the field and by holding the rectum 
up anterior dissection is complete. Sometimes coccyx can be 
removed as well in continuity with the main specimen.

After irrigating the pelvis, one reapproximates the resid-
ual levators with absorbable sutures, and then the subcutane-
ous fat, ischiorectal fat, and skin are closed in several layers. 
Drains in the pelvis can be brought out through the pelvis or 
via the abdomen.

Ostomy

Ideally, the patient has been preoperatively marked by a 
certified ostomy therapist. The end of the colon is carefully 
cleaned of any fat. The skin is divided in a circular shape at 
the ostomy site. The subcutaneous tissues are split and the 
fascia is divided in a vertical or cruciate manner. The muscle 
is split but not divided, and then the peritoneum is incised. 
The hole is made wide enough to accommodate the bowel 
and the accompanying mesentery. The bowel should then be 
brought up through the opening so that it is 1–3 cm higher 
than the skin and the ostomy is matured.

LAR with Sphincter Preservation

Sphincter-sparing procedures for resection of mid and some 
distal rectal cancers have become increasingly prevalent as 
their safety and efficacy have been established. The advent 
of circular stapling devices is largely responsible for their 
increasing popularity and utilization. An LAR involves dis-
section and anastomosis below the peritoneal reflection with 
ligation of the superior and middle hemorrhoidal arteries. An 
extended LAR indicates complete mobilization of the rec-
tum down to the pelvic floor with division of the lateral liga-
ments and posterior mobilization through Waldeyer’s fascia 
to the tip of the coccyx. Additionally, there is dissection of 
the plane between the anterior rectal wall and the vagina in 
a female patient and dissection of the plane between the rec-
tum and the prostate in a male patient to a level distal to the 
inferior margin of the prostate gland. As long as the surgeon 
can obtain a distal margin of at least 2 cm, an anastomosis 
can be considered appropriate if technically feasible. Body 
habitus, adequacy of the anal sphincter, encroachment of 

Figure 44-5. Sagittal view of the rectum, bladder, Denonvillier’s 
fascia, and the prostate. The dissection should proceed anterior to 
one or both layers of Denonvillier’s fascia.
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the tumor on the anal sphincters, and adequacy of the distal 
margin are all factors in determining the applicability of a 
sphincter-sparing operation.

Coloanal Anastomosis

The ultimate procedure in sphincter-saving operations 
is the ultra-LAR with coloanal anastomosis. This opera-
tion preserves the sphincter mechanism in patients with 
very low-lying rectal cancer in whom the distal margin is 
at the minimally acceptable level yet adequate for cancer 
clearance. These operations are reserved for patients who 
have a distal rectal cancer that does not invade the sphinc-
ter musculature and in whom a standard extended LAR is 
technically not possible. After an adequate distal margin is 
achieved, the rectum is transected at the level of the pel-
vic floor musculature. The remaining anal mucosa between 
the dentate line and the level of transection of the pelvic 
floor can then be “stripped,” and an anastomosis between 
the colon and the anus is performed to restore continuity. 
Alternatively, the procedure can be started at the dentate 
line with a tubular mobilization of the distal rectum in the 
intersphincteric groove. This perineal resection can proceed 
up to the superior margin of the puborectalis muscle before 
dissecting into the pelvis and connecting with the pelvic and 
abdominal dissection. The procedure usually requires full 
mobilization of the splenic flexure, such that the vascular 
supply of the left colon now based on the middle colic ves-
sels can reach the distal pelvis. The coloanal anastomosis 
can also be undertaken with a colonic J pouch. Because of 
the larger capacity of the J pouch construction, anorectal 
function is thought to be improved, especially early after 
the surgery. The J pouch is created by folding the distal end 
of the colon back on itself approximately 5–8 cm and then 
creating a common channel (Figure 44-6). The actual anas-
tomosis to the anus is then done from the apex of the J in 
side-to-end manner. An alternative to the colonic J pouch 
is the coloplasty. This technique is similar in concept to 
a stricturoplasty. The distal colon is divided in a longitu-
dinal direction for 8–10 cm starting 4–6 cm from the dis-
tal edge of the pedicle. The longitudinal incision is then 
approximated transversely, making a larger reservoir capac-
ity (Figure 44-7). The technique can decrease frequency in 
the early postoperative period, but it has been associated 
with an increased number of anastomotic leaks. A proximal 
diverting stoma is advisable because of the potential for an 
anastomotic leak or vascular compromise of the left colon. 
Contraindications to the procedure include the following: 
baseline fecal incontinence from deteriorated anal sphincter 
muscles, tumor invasion of the anal sphincter musculature 
or rectovaginal septum, tenesmus, and technical factors 
such as body habitus, tumor location, and tumor size. An 
end rectum to side colonic anastomosis is another option to 
the commonly used colonic J pouch.

Laparoscopically Assisted Resections  
for Rectal Cancer

The application of laparoscopy for the treatment of intraab-
dominal malignancies including proctectomy for rectal  cancer 
is now being performed. In these operations, part of the pro-
cedure is done using the laparoscope, and completion of the 
procedure is in the traditional manner. In particular, explora-
tion and mobilization of the colon and rectum can be done 
with the laparoscope and laparoscopic instruments.79 Liga-
tion of the vascular pedicle is performed with laparoscopic 
clips, vascular stapling devices, or radiofrequency coagula-
tion devices. The improved optics of laparoscopy can provide 
a much better view in the pelvis, thus facilitating rectal dis-
section. In the recent years, there has been an increased use of 
laparoscopic resection for rectal cancer. Most often, however, 
the actual resection of the bowel and an anastomosis are still 
more easily performed in an extracorporeal manner.

The main questions about laparoscopic-assisted proctec-
tomy for colorectal cancer are whether it provides the same 
TME specimen as traditional open techniques, and whether 
there is any other unique biologic alteration in the laparo-
scopic procedure that leads to a change in survival or in recur-
rence patterns. Concerning the latter point, there have been 
several reports of unusual wound recurrences at trocar sites 
in patients undergoing laparoscopic-assisted colectomy. It is 
of paramount importance that laparoscopic resection  follows 

Figure 44-6. Construction of a colonic J pouch after an ultra LAR. 
The distal colon pedicle is folded back on itself to make a “J.” 
A common channel is then created using a stapling device that will 
staple and divide. A larger reservoir is then created. The J pouch is 
then anastomosed to the anus using a circular stapler or in a hand-
sewn manner.
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the same oncologic principle as open surgery  including 
 precise TME. The recent studies have indicated that there 
is no difference between laparoscopic and open surgery as 
far as 3 and 5-year survival,80,81 radial margin involvement 81, 
and local recurrence rate.81,82

The mean operative time for laparoscopic rectal surgery 
ranges from 180 to 260 min80,82, although some studies report 
similar times to open surgery.79 The blood loss is usually less. 
Most of the studies report earlier return of bowel function, 
decreased hospital stay, and reduction in pain.

The rate of anastomotic leak in sphincter sparing rec-
tal surgery is comparable between two approaches and is 
approximately 10% and can be as high as 17%.81 Also, there 
have been two reports of an increase in erectile dysfunction 
with the laparoscopic rectal resection versus open surgery.

One of the indicators of feasibility of laparoscopic rectal 
surgery is the conversion rate, which is found to be between 
6 and 15%. It was also noted the conversion is associated 
with higher operative mortality, higher complication rate, 
and higher local recurrence rate.

The recommendation from ASCRS is that laparoscopic 
rectal cancer resection be practiced by expert, trained sur-
geons in an environment where the outcomes can be mean-
ingfully evaluated. Ultimately, the question may be answered 
with the current American College of Surgeons Oncology 
Group (ACOSOG) Trial comparing laparoscopic versus 
open resection of rectal cancers.

Local Excision Versus Radical Resection

Although the LAR and the APR are the mainstays of therapy 
for many distal rectal cancers, the radical resection is associ-
ated with significant morbidity and mortality. A review of the 
literature showed that mortality rates for the APR range from 
0 to 6.3%,79,83,86 with some studies having a 61%  incidence 

of postoperative complications.84 The majority of these 
 complications are urinary dysfunction and perineal wound 
infections, with rates as high as 50 and 16%, respectively.85 
In our experience, the incidence of major wound complica-
tions was 10%.87 Radical surgery, especially the APR, leads 
to a significant change in body image and social habits. In 
a patient survey performed in 1983 by Williams and John-
ston,88 66% of patients complained of significant leaks from 
their stoma appliances, 67% experienced sexual dysfunction, 
and only 40% of patients who were working preoperatively 
returned to their jobs after their operation. Unfortunately, 
radical surgery does not guarantee a recurrence-free survival; 
the 5-year survival rate in the National Cancer Data Base for 
Stage I disease is 78%.89 The complication rates, the change 
in body image with a colostomy, and the improvements in 
patient selection secondary to innovations in preoperative 
imaging modalities have led to a renewed interest in local 
excision of rectal cancers. This topic is discussed in another 
chapter in the book. The Colorectal surgeon should be well 
versed in all techniques to remove and resect a rectal cancer 
either through a radical resection (TME) or via a local exci-
sion to give the patient the best options for treatment.

Survival After Rectal Cancer Excision

Overall 5-year survival rates for colorectal cancer have 
shown improvement over recent decades with the combina-
tion of better surgery and adjuvant therapy. Reports from 
20 years previous have assured us that a sphincter-sparing 
surgical approach does not sacrifice survival in selected 
patients where an adequate margin can be achieved.90–92 
Overall 5-year survival rates after major surgery for rectal 
cancer are as follows: Stage I, 85–100%; Stage II, 60–80%; 
and Stage III, 30–50%.57,66,90,93–99

Figure 44-7. Construction of a coloplasty. The bowel is divided in a longitudinal manner as shown and resutured transversely to create a 
larger reservoir capacity.
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Local excision of cancers confined to the rectal wall with-
out lymphatic or distant spread (T1 and T2N0) can achieve 
cure rates of 80–100%; however, the results published in 
retrospective trials are extremely unreliable because many 
studies span decades and have no standard entrance criteria 
and standard adjuvant therapy policy. In some retrospective 
studies, local recurrence seemed high, but overall survival 
was not different than a comparative group of patients who 
underwent radical resection.100 Future emphasis on earlier 
diagnosis, accurate preoperative staging, and appropriate 
choice of resection procedure, combined with improved 
adjuvant therapy, should influence favorably overall survival 
using this conservative technique.

Synchronous Cancers

Synchronous cancers of the large intestine occur with an 
incidence of approximately 3.5%. Also, synchronous pol-
yps are common with a primary cancer. If one finds two 
cancers within the colon and rectum, then one must plan 
an approach to the surgical resection that depends on the 
location of the two lesions. Certainly, two resections and 
two primary anastomoses can be performed in large bowel 
surgery with a complication rate that is similar to that of just 
one anastomosis.101 If a patient has a small rectal cancer that 
is amenable to local excision along with a synchronous can-
cer of the colon, one can consider a local excision of the rec-
tal lesion followed by primary resection of the colon lesion. 
It is important, however, to realize that surveillance after 
local excision of a rectal cancer needs to be more aggres-
sive in monitoring for local recurrence and metachronous 
cancers or precancers than after resection of single bowel 
cancer.

Extended Resection for Locally Advanced 
Colon or Rectal Cancer

Carcinoma of the colon and rectum will sometimes invade 
adjacent organs or the abdominal wall. Even when such 
invasion occurs, extended resection of the cancer along 
with the tissue or organ to which it has adhered can lead 
to a 5-year survival rate of >50%, provided the surgical 
margins are tumor free.102,103 Patients with inflammatory 
adhesions to contiguous organs have a slightly higher sur-
vival rate than patients with malignant infiltration, but the 
distinction between malignant and inflammatory conti-
guity often cannot be made until after en bloc resection. 
The organs that are usually involved with adhesions from 
colon or rectal cancer include the uterus, small bowel, 
urinary bladder, and abdominal wall. In general, approxi-
mately 5% of patients will present with locally advanced 
lesions.103

Surgical Treatment of Recurrent  
Colorectal Carcinoma

Recurrent colorectal cancer affects between 12 and 50% of 
patients with Dukes B or C (T2N0 through T3N1) disease. 
Although adjuvant treatment has some effect on survival, sur-
gery remains the mainstay in treatment of recurrent disease. 
Most often, the intent of surgery for recurrent disease is not 
curative, but to improve survival or to palliate symptoms.

There are three main patterns of recurrence after resec-
tion of a primary colorectal cancer. The most common site 
of recurrence is the liver. However, isolated recurrences can 
also be seen locoregionally or in the lung. Although 60–70% 
of patients who die of colorectal cancer have liver metas-
tasis, the liver is an isolated site of recurrence in <20% of 
patients. Of the latter group, only 5–10% will be candidates 
for curative hepatic resection.104

Locoregional recurrence of rectal cancer has been decreas-
ing over the past two decades. With the use of adjuvant ther-
apy and the wider application of TME, local failure has been 
reported as low as 3%. However, when a patient develops a 
local recurrence, it is often not just a suture line recurrence, 
but a regional recurrence. The workup of these patients 
requires extensive imaging to identify features of the tumor 
that would make it unresectable.

Wanebo et al.105 demonstrated a 25% actuarial 5-year 
 survival after abdominal sacral resection for recurrent col-
orectal cancer. They concluded that patients presenting after 
a long disease-free interval could benefit from such a large 
procedure. Noncurative surgery has only a small role in the 
treatment of symptomatic pelvic recurrence, particularly 
with sacral involvement. Newer approaches such as cryoab-
lation of perineal recurrences may replace heroic procedures 
and may be useful in symptomatic relief of nonresectable 
pelvic recurrence.

ASCRS guidelines

The American Society of Colon and Rectal Surgeons has 
published practice parameters for the management of rectal 
cancer.106
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45
Rectal Cancer: Locally Advanced and Recurrent
Robert R. Cima

Introduction

Of patients with newly diagnosed colorectal cancer who will 
undergo surgery with curative intent as part of their treat-
ment, approximately 5–12% will have tumors that have 
spread beyond the anatomic landmarks of a standard resec-
tion and have invaded adjacent organs or structures.1–3 The 
goal of surgery in such cases is a wide, en bloc resection 
of the tumor and any involved adjacent organ or structure. 
Of patients who undergo resection with curative intent and 
receive adjuvant therapy, between 7 and 33% develop iso-
lated local or regional recurrences.4,5 In up to 20% of these 
recurrences, resection can be curative.4,6,7

Although tumor biology must influence the rate and loca-
tion of recurrence, no tumor-specific characteristics have been 
clearly associated with local recurrence. The most important 
factor that influences tumor recurrence is the stage of disease 
at presentation.8 Other factors include obstruction or perfo-
ration at presentation, adjacent organ involvement, tumor 
 aneuploidy, increased tumor grade, mucin production, or evi-
dence of venous or perineural invasion. Over the last decade, 
the adequacy of surgical resection and the use of preoperative 
chemoradiation have been shown to influence the rate of pel-
vic recurrence.9–12 Detailed discussion of these aspects of rec-
tal cancer treatment is addressed elsewhere in the textbook. 
The focus of this chapter is to discuss the evaluation, opera-
tive management, and multimodality treatment of patients 
with locally advanced rectal cancer. Since the preoperative 
evaluation, operative approach, and often the perioperative 
oncologic therapy are similar for primary locally advanced 
and recurrent rectal cancer, they are discussed together. The 
outcomes for the different approaches are evaluated later in 
the chapter.

Locally advanced primary rectal cancers include tumors 
that are T4 N1-2 MX at the time of initial presentation. They 
are often associated with a higher rate of metastatic disease 
at the time of diagnosis and have a poorer overall prognosis 
than earlier stage disease.8 T4 tumors are found to be fixed 
by physical examination or to be invading adjacent organs 

or structures by diagnostic imaging studies. For T4 tumors, 
standard surgery alone offers a limited chance of signifi-
cant local tumor control and/or long-term survival. In cases 
where an extended en bloc resection cannot be performed to 
achieve complete resection, patient survival is dismal: after 
no treatment or after palliative surgery, mean survival time 
is less than 1 year.13

Multimodality therapy incorporating radiation, chemo-
therapy, and surgery should be used to achieve local tumor 
control and to prevent or control systemic tumor dissemi-
nation, thereby improving patient survival for patients with 
locally advanced primary or recurrent colorectal cancers. To 
achieve these goals, appropriate surgery is combined with 
external-beam radiation (EBRT), and, under ideal circum-
stances, intraoperative radiation therapy (IORT) and adju-
vant or neoadjuvant chemotherapy.

Patients with isolated hepatic or pulmonary metastasis 
from a rectal cancer are known to have reasonable survival 
after surgical treatment; however, survival with an isolated, 
untreated, locoregional, rectal cancer recurrence is quite 
poor.14,15 Most of these patients develop disabling compli-
cations, including severe pain from bony or nervous tissue 
involvement, urinary obstruction, fecal obstruction or incon-
tinence, or persistent bleeding. Nearly 90% of rectal cancer 
recurrences after surgery alone occur in the central or pos-
terior pelvis, and 19% occur at the anastomosis.16 Stage T4 
primary tumors are significantly associated with relapse in 
the anterior pelvic region.16 External-beam radiation alone or 
combined with systemic chemotherapy may result in tempo-
rary improvement of symptoms, but the 5-year survival rate 
is less than 5%.14,15 Surgical palliation without the addition 
of systemic chemotherapy and radiation therapy adds little to 
the overall survival. For these patients, length of survival is 
perhaps less important than quality of life.

A patient who presents with a locally advanced primary 
or recurrent rectal cancer must be thoroughly evaluated for 
the presence of extrapelvic disease. If extensive extrapelvic 
disease is found, the degree and scope of surgical resection 
should be changed from one of curative intent to palliation. 
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An exception may be considered in younger patients with no 
significant comorbidities in whom a single, isolated, resect-
able hepatic metastasis is found. However, if a patient has 
multiple sites of spread or significant comorbidities, exten-
sive surgery involving multiple structures is not warranted, 
as the chance for cure is quite small. Whether a patient is 
a candidate for surgery is influenced by a number of fac-
tors, including the patient’s overall physical condition and 
comorbid diseases and the extent of spread and fixation of 
the tumor outside of the rectum.

Preoperative Evaluation and Patient  
Selection

Complete resection of a locally advanced primary or recur-
rent rectal cancer is a significant undertaking. Complete 
resection may be technically possible in some patients, but 
if their overall physical condition does not make them an 
appropriate candidate, surgical palliation combined with 
chemoradiation is the more prudent course of action. To be 
considered for a complete resection, the patient should be 
in generally good health. Any significant cardiac or respira-
tory conditions should be thoroughly evaluated and treated. 
Patients who are in poor health, or who will not be able to 
tolerate multimodality therapy combined with complete 
surgical resection, or have an ASA classifications of IV–V 
are not considered acceptable surgical candidates. Nearly as 
important as their physical condition is consideration of the 
patient’s motivation and emotional preparedness for under-
going this extensive treatment. They should be thoroughly 
informed about and accepting of the short-term and long-
term risks associated with the surgery, as well as possible 
subsequent surgeries or interventions required for postopera-
tive complications.

If the patient is deemed an acceptable candidate for sur-
gery, the next step is evaluation for the extent of local spread 
and the possibility of extrapelvic spread. A detailed history 
should be obtained. Symptoms that may suggest metastatic 
disease, such as back or bone pain outside of the pelvis, 
new respiratory symptoms, or headaches need to be care-
fully examined. A thorough physical exam, with particular 
attention placed on the rectal and vaginal exam, needs to be 
performed, and any fixation of the tumor to rigid pelvic struc-
tures needs to be assessed. Complete endoscopic evaluation 
of the colon needs to be performed, if technically possible, 
to rule out the presence of a synchronous lesion. Endolu-
minal ultrasound of the rectum may be combined with this 
evaluation in cases of recurrent disease to determine if there 
is a discrete mass adjacent to the intestine that might be 
amenable to endoscopic biopsy. Imaging should be repeated 
before surgery is considered and compared to similar previ-
ous studies to give some reassurance that there has been no 
progression or spread of the disease that might change or 
preclude any surgical intervention. The abdomen and pelvis 

need to be evaluated with a double-contrast (intravenous and 
oral) computed tomography (CT) scan to exclude extrapel-
vic spread and to assess the extent of possible resection. CT 
scans are generally reliable for identifying the extent of dis-
ease and adjacent organ involvement but are less discriminat-
ing for predicting local tumor resectability.17 Any suspicious 
hepatic lesion should be examined with ultrasound. If the 
lesion is worrisome for metastatic disease, it should be biop-
sied. Questionable findings on the chest X-ray film should 
be further investigated. Any worrisome lesion that is techni-
cally accessible should be biopsied percutaneously.

Although the above tests are the standard evaluation for 
diagnosing recurrence and excluding extrapelvic spread of 
the tumor, other more tumor-specific tests have been pro-
posed as adjuncts. Magnetic resonance imaging (MRI) might 
be more accurate than conventional CT scanning for detect-
ing recurrences in the pelvis or elsewhere in the abdomen 
because of better image resolution. However, similar to CT 
scans, MR images provide only anatomic details and may not 
be any better at distinguishing tumor recurrence from scar in 
a postoperative field, particularly after pelvic irradiation. To 
overcome this limitation, a metabolic-based imaging modal-
ity such at positron emission tomography (PET) has been 
studied.18–22 Colorectal cancer is known to rapidly metabolize 
fluorine-18 fluorodeoxyglucose (FDG), which therefore can 
be used as a metabolic label to detect tumor deposits, not only 
in the pelvis, but also throughout the entire body. Numerous 
nonrandomized studies have shown that FDG-PET imaging 
for recurrent colorectal cancer has a significantly higher sen-
sitivity and specificity than CT scanning. When CT scan-
ning was compared with FDG-PET imaging in postoperative 
patients with colorectal locoregional recurrences, the sen-
sitivity of FDG-PET was significantly higher than CT plus 
colonoscopy (90 vs. 71%, respectively), although the speci-
ficities were similar (92 vs. 85%, respectively).23 FDG-PET 
imaging has been shown to maintain this high sensitivity and 
specificity, 84 and 88%, respectively, even in the setting of 
the previously irradiated and postoperative pelvis.18 Thus, 
FDG-PET might be a useful tool in the postoperative patient 
in whom there is a suspicion of recurrence but equivocal CT 
findings, and in whom extensive reoperative surgery might 
be of extremely high risk.

Even the combination of physical examination and radio-
graphic studies may not be able to prove that there is a pel-
vic recurrence of a rectal cancer, especially if the patient has 
undergone a previous pelvic operation or pelvic irradiation. 
We generally accept three ways of differentiating postopera-
tive changes from tumor. The first is to document a change 
in the lesion, such as increase in size over time; the second is 
invasion of the adjacent organs; the third is histological evi-
dence obtained from endoscopic, CT-, or ultrasound-guided 
biopsies of the suspicious tissue. However, occasionally, pel-
vic disease is suspected from a rising CEA or development of 
symptoms without any definable anatomic change on exam. In 
such situations, histologic proof should be vigorously sought. 
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Exploratory pelvic surgery should be strongly discouraged, as 
it poses an extreme risk to the patient and makes future evalu-
ation of the pelvis even more difficult.

Determining Tumor Resectability

Locally advanced primary or locoregional recurrences of 
rectal cancers can extend to involve any of the pelvic organs 
or rigid bony structures of the pelvis. Resectability is based 
upon the anatomic location and what other structures are 
fixed to the lesion. Although there are other schemes for 
assessing resectability, we use the following one to classify 
our patients who are being considered for possible resec-
tion. The tumor is classified as F0 when it is not fixed to 
any pelvic organ or structure, FR when the tumor is fixed 
but resectable, and FNR when the tumor is fixed and not 
resectable. FR is further subdivided by noting the anatomical 
extent of the fixation (anterior, posterior, and lateral).24 The 
anatomic extent of the tumor determines the scope of the 
required resection. For example, anterior fixed lesions may 
require a hysterectomy, vaginectomy, a partial or complete 
cystectomy, or prostatectomy, whereas lesions that are fixed 
posteriorly may require a sacrectomy (Figures 45-1–45-3).

Although we have found this classification scheme to be 
extremely useful, it does not reliably predict resectability before 
surgery because new findings may be discovered at operation. 
However, in our experience, some factors are clearly associ-
ated with an unresectable tumor (Table 45-1). Any circumfer-
ential tumor that extends to the pelvic sidewall is considered 
unresectable. Evidence of bilateral ureteral obstruction is a 
very worrisome finding. Unless there is focal infiltration of the 
bladder trigone causing bilateral ureteral obstruction, this find-
ing usually indicates that a bulky tumor has invaded both lat-
eral pelvic sidewalls. This means that the disease is present at 
the level of the pelvic inlet, making complete resection impos-
sible. Finally, S1 and S2 nerve root involvement or evidence of 
invasion of the sacral bone at the level of S1 and S2 indicates 
an unresectable tumor. A sacrectomy proximal to S2 results 
in sacroiliac joint instability and although internal fixation is 
possible, it is not warranted for cases of locally recurrent rectal 
cancer. Pain from nerve root involvement with tumor occasion-
ally needs to be differentiated from sciatic nerve compression. 
Nerve compression symptoms may completely resolve after 
pelvic irradiation and chemotherapy. On the other hand, per-
sistent buttock and perineal pain usually resulting from tumor 
expansion and in growth is a more ominous symptom.

Multimodality Therapy for Advanced  
or Locally Recurrent Rectal Cancer

Surgery with curative intent is the mainstay of treatment 
for advanced or locally recurrent rectal cancer. However, 
surgery alone results in a high rate of local and distant 

failure.13 To improve outcomes, surgery is combined with 
 multimodality therapy, radiation, and chemotherapy. Radio-
therapy is used to improve local control and systemic che-
motherapy is used to treat possible disseminated disease.

Although EBRT may relieve symptoms and pain resulting 
from a large primary or recurrent rectal tumor, it alone does 
not offer a significant chance of cure.25 However, when it is 
combined with sensitizing chemotherapy, the probability of 
achieving a resection with negative margins and the rate of 
local tumor control increases.26–33 In the setting of a locally 
advanced or recurrent rectal cancer, centers have combined 
multimodality therapy with intraoperative radiotherapy – 
either as electron-beam radiation therapy, high-dose rate 
brachytherapy, or traditional perioperative brachytherapy to 
further improve patient outcomes.34–41 These forms of locally 
directed radiation reduce toxicity by limiting normal tissue 
exposure and deliver a high biologically equivalent dose to 
the localized area of the tumor.

In general, patients who never received prior pelvic 
radiation therapy, a full course of external-beam radiation 
(5,040 cGy) is administered with concurrent 5-fluorouracil 
chemotherapy. Often, patients with recurrent rectal cancer 
have previously received a full course of pelvic external-
beam radiation. We treat such patients with an additional 
course of 2,000 cGy of external-beam radiation combined 
with additional 5-fluorouracil chemotherapy before repeat-
ing pelvic surgery. A recent multicenter study has shown 
that hyperfractionated preoperative chemoradiation can 
be safely administered in recurrent rectal cancer patients 
who have previously received pelvic radiation.42 The over-
all tumor response rate was 44.1%. Furthermore, there was 
no increase in postoperative complications as compared to 
patients who did not receive the hyperfractionated therapy. 
Therapeutic synergy between external-beam and intraopera-
tive radiation reaches its peak within 8 weeks of comple-
tion of external-beam therapy. The disease is restaged both 
clinically and radiographically 4 weeks after completion of 
the external beam and chemotherapy course. If there is no 
evidence of disease progression in the pelvis or extrapelvic 
metastasis, the patient is scheduled for surgery within the 
next 4 weeks.

Surgery

Before surgery, the magnitude of the operation and the pos-
sible complications are discussed in depth with the patient 
and family members. In cases of large locally advanced pri-
mary rectal cancers, the sphincter mechanism is preserved. 
In recurrent cancers, there is little role for an attempt at 
sphincter preservation, as the risk of complications or poor 
functional outcomes is quite high. Therefore, the patient 
must be accepting of a permanent colostomy. In addition, the 
resection of adjacent structures or organs and the functional 
implications and reconstruction alternatives, such as an ileal 
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Figure 45-1. A A primary T3N0M0 rectal cancer treated with a lower anterior resection without adjuvant therapy. The anterior recur-
rent tumor fixed at the base of the bladder was treated with preoperative chemoradiation and then resected with IORT. B After a primary 
low anterior resection for T2N0M0 rectal cancer without adjuvant therapy, this patient developed a lateral pelvic recurrence. After 
preoperative chemoradiation, the patient underwent an abdominal resection with negative margins. C A recurrence after a T3N0M0 
lesion treated with postoperative chemoradiation therapy was found to invade the sacrum. After additional EBRT and chemotherapy, 
IORT combined with an en bloc resection of the tumor and distal sacrum was performed with negative margins. D A massive recurrent 
cancer found in the pelvis after an abdominal perineal resection and postoperative chemoradiation. The tumor was fixed to vital pelvic 
structures and was deemed unresectable (with permission from Nicholls RJ, Dozois RR,  editors. Surgery of the colon and rectum. 
New York: Churchill Livingston; 1997).
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conduit, need to be discussed. All patients visit with and are 
marked for multiple ostomies by an enterostomal therapist.

Depending upon the patient’s medical condition, they may 
need admission at the night prior to surgery, although the 
majority of patients can be admitted on the day of surgery. 
While the need for a mechanical bowel preparation in a rou-
tine colectomy is under debate, we routinely prepare these 
patients to minimize the potential for contamination. At our 
institution, all cases of locally advanced or recurrent rectal 
cancers are scheduled in a dedicated IORT suite. This suite 
within the OR complex houses the standard operating room 
equipment, a linear accelerator, and special anesthetic equip-
ment that permits the anesthetized patient to be moved from 
operating to irradiating positions (Figure 45-2). In addition, 
remote controls are used to monitor the patient outside the 
suite while radiation is given. The patient is placed in the 
lithotomy position with both arms tucked and the legs sup-
ported in Allen stirrups. Special care is taken to ensure that 
the arms are well padded and in a neutral position to avoid 
any nerve injury. The calves are positioned and padded to 
avoid any pressure from directly resting on the stirrups, since 
the lengthy operation may result in compartment syndrome 
and/or venous thrombosis.43 Bilateral ureteral stents are 
inserted cystoscopically preoperatively in all patients.

A midline incision is usually made. Transverse abdomi-
nal incisions should be avoided, as they compromise the 
placement of any stomas and may injure the inferior epigas-
tric vessels, the primary blood supply of the rectus muscle. 
Preservation of the rectus muscle is important in case a 

transpelvic rectus abdominis flap is required to reconstruct 
the pelvic floor. If the patient has had prior abdominal sur-
gery, all adhesions need to be lysed. If any of the small 
bowel is adhered into the pelvis or in a region that might be 
indicative of tumor, a sample should be sent for intraopera-
tive biopsy. If the bowel is involved with tumor, then that 
portion of the small bowel needs to be resected with the 
rectal tumor en bloc. Once all adhesions have been lysed, 
the entire abdomen needs to be thoroughly explored for evi-
dence of extrapelvic tumor deposits. The liver, omentum, 
retroperitoneum, peritoneal lining, and the area of any prior 
surgical incision should be carefully examined for metastatic 
disease. Any suspicious finding should be biopsied and ana-
lyzed by frozen section. The presence of extrapelvic disease 
would be a contraindication to radical resection. Very rarely, 
exceptions may be made in a young patient who has limited 
pelvic and liver disease; in such cases, the pelvic recurrence 
and secondary liver tumor are resected simultaneously.

A self-retaining retractor is placed and the small bowel 
is packed into the upper abdomen to facilitate pelvic expo-
sure. As pelvic irradiation or prior pelvic surgery would have 
induced significant fibrosis in the tissues of the pelvis, we 
begin the dissection at the level of the aortic bifurcation. 
Starting at this level allows us to enter a virgin fascial plane, 
which aids in the posterior dissection to the level of the pelvic 
floor. Similarly, the ureters are identified before they enter 
the pelvis and are then mobilized along their length along the 
pelvic sidewall and into the bladder. Identifying the ureters 
all the way to their insertion into the bladder is important 

Figure 45-2. The IORT suite, showing the equipment, the position of the patient on the operating room table, and the linear accelerator.
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to ensure adequate length if an ileal conduit is required for 
urinary tract reconstruction.

For rectal cancer recurrences that are not fixed to any 
pelvic structure (F0), a completion abdominoperineal resec-
tion (APR) is required. The scope of the resection is similar 
to a standard APR, but the pelvic fibrosis induced by any 

prior surgery would have distorted or eliminated the ideal, 
relatively bloodless plane between the mesorectum and 
sacral fascia. The distinction between fibrosis and tumor 
infiltration into adjacent tissue can be very difficult to dis-
cern at the time of the operation. If there is any question 
about the nature of the tissue, particularly when it occurs 
outside the realm of planned resection, for example, at the 
level of the sacral promontory or at the lateral pelvic walls, 
a frozen section should be analyzed. If tumor cells are seen, 
a complete resection with negative margins is not feasible. 
As discussed later, it is in this setting that the use of IORT 
improves clinical outcomes.

When the tumor is fixed, either anteriorly or posteriorly, 
the scope of the operation is much larger than for the non-
fixed lesion (F0). If the fixed tumor is considered resectable, 

Figure 45-3. A The assortment of the Lucite tubes used to direct the electron beam to a fixed site in the operating field to deliver the 
IOT. B Place of a large Lucite tube to deliver the IORT into the pelvis. The tube is fixed in place by securing it to an external support 
apparatus attached to the operating table.

Table 45-1. Symptoms or findings suggestive of 
an unresectable tumor for cure

Sciatic pain
Bilateral ureteral obstruction
Multiple points of tumor fixation to the pelvic sidewall
Circumferential involvement of the pelvic sidewall
S1 or S2 bony or neural involvement
Extrapelvic disease
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we classify it as a FR (fixed, resectable) lesion. For anteriorly 
fixed tumors, there are different operations that need to be 
considered, whereas for a primary or recurrent posteriorly 
fixed tumor, our operation of choice is an en bloc distal 
sacrectomy.

For the anteriorly fixed lesion, the choice of operation is 
influenced somewhat by the sex of the patient. In a woman, 
depending on the level and extent of the tumor, the resection 
may require only an en bloc excision of the posterior wall of 
the vagina, with immediate reconstruction. When the upper 
vagina or lower uterus is involved more extensively, en bloc 
hysterectomy and posterior vaginectomy would be neces-
sary. A woman who has her uterus in situ usually does not 
need a cystectomy. However, a man with an anteriorly fixed 
tumor commonly needs a cystectomy or cystoprostatectomy. 
A partial cystectomy with a wide margin may be an option 
for an upper rectal lesion, but the functional results may be 
poor due to a decrease in bladder size and radiation-induced 
injury to the bladder. In such patients, an ileal conduit at the 
time of resection may be preferred to subjecting the patient 
to a second surgery.

Posteriorly fixed lesions require an en bloc distal sacrec-
tomy. The proximal extent of the resection is to S2-3. A more 
proximal resection would require internal fixation of the sac-
roiliac joints to stabilize the pelvis. We consider a resection 
of this magnitude too extensive for primary or recurrent rec-
tal cancer. Furthermore, when the resection is limited to the 
S2-3 level, it is generally possible to preserve one S3 root, 
which is usually sufficient to preserve bladder function. The 
sacrectomy proceeds through four distinct steps: (1) the ante-
rior resection, (2) the posterior resection, (3) the use of IORT 
if required, and (4) the reconstruction of the pelvic tissue 
defect. The abdominal dissection is begun as described pre-
viously. The dissection in the posterior plane in carried out 
to the level of proximal tumor extent along the sacrum. This 
permits reevaluation to insure that the tumor does not extend 
above the S2-3 level. If it does, then the rectum is dissected 
free in the anterior and lateral planes, leaving the point of 
sacral fixation as the only point of attachment. A sacrectomy 
that needs to include a resection proximal to S3-4 requires 
bilateral ligation of the internal iliac arteries and veins. This 
is done to decrease blood loss during the sacrectomy. Once 
the rectum is completely freed anteriorly and laterally, all 
required abdominal wall stomas are created, and an omen-
tal or rectus abdominis flap is mobilized and placed into the 
pelvis, to be used for later reconstruction. Then, the abdomi-
nal incision is closed, and the patient is repositioned in the 
prone-jackknife position. A posterior midline incision is 
made from the region of the last lumbar vertebrae to the coc-
cyx. The gluteal muscles are dissected free of the sacrum and 
the proposed site of transection is identified. The important 
nervous structures to the lower pelvis and extremities, the 
pudendal and sciatic nerves, respectively, are identified and 
preserved. With the assistance of our orthopedic or neurosur-
gical colleagues, the sacrum is transected and the dural sac 

is closed. The defect is closed either over an omental flap or 
over the mobilized rectus abdominis flap. As the resulting 
tissue defect can be quite sizable, local muscle flaps may 
need to be mobilized to close the defect. Multiple closed suc-
tion drains should be used, as any pelvic fluid collection can 
easily become infected and lead to wound breakdown. The 
wound complications and breakdown in this heavily irradi-
ated field are not uncommon and occur in as many as 65% 
of patients who undergo radical resection with concurrent 
IORT.44 These postoperative wounds often require transfer of 
nonirradiated, well-vascularized tissue-like muscle flaps to 
heal if that transfer was not done at the initial operation.

Postoperatively, these patients are managed quite con-
servatively as prolonged ileus and urinary retention is quite 
common. Given the high risk of venous thromboembolism, 
these patients are given unfractionated heparin three times a 
day, and use of mechanical compression devices and manda-
tory early ambulation are enforced.

Use of Intraoperative Radiation Therapy

In cases of close margins, known microscopically positive 
margins, or minimal gross unresectable disease in the pelvis 
or after the sacrectomy, our policy is to use intraoperative 
electron-beam radiation therapy (IORT). To give IORT, a 
Lucite cylinder is positioned in the pelvis to target the at-risk 
area. The patient is then positioned under the linear accel-
erator. One thousand to 2,000 cGy is delivered, depending 
on the extent of margin involvement. A dose of 1,000 cGy 
is recommended for minimal residual disease; 1,500 cGy is 
given for gross residual disease less than 2 cm, and 2,000 cGy 
is reserved for unresectable or gross residual disease more 
than 2 cm. The IORT dose that can be given should take into 
account the total of any prior external-beam radiation that 
has been administered.

Although we only have experience with electron-beam 
radiation therapy, other institutions have used other ways 
of delivering intraoperative or prolonged local radiation 
therapy. At Memorial Sloan-Kettering, a combined-modality 
treatment protocol uses high-dose intraoperative brachyther-
apy (HDR-IORT).34 The radiation is delivered via an array of 
catheters that are imbedded in a flexible rubber pad. This pad 
is then sutured to the area of concern and other normal tis-
sues are packed away and protected. The catheters are con-
nected to a high-dose rate 192Ir source. After the total dose is 
delivered, the pad is removed and the operation proceeds. 
Another approach is to use perioperative brachytherapy as 
a way to combine local delivery of radiation with extended 
surgery.35–38 With this method, brachytherapy catheters are 
loosely secured to a mesh material that is then secured to the 
region of interest. The operation is completed and the ends of 
the catheters are brought out through separate skin incisions 
and secured to the skin. Then, usually between postoperative 
day 3 and 5, removable radioactive elements are placed into 
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the brachytherapy catheters. Once the desired total dose is 
delivered, the catheters are removed at the bedside without 
the need for sedation or anesthesia. These techniques do not 
require a dedicated OR with a linear accelerator to administer 
radiation regionally and may therefore expand where this type 
of surgery can be performed. One possible disadvantage with 
the use of the postoperative brachytherapy catheters is that 
it is difficult to protect normal tissue, particularly the small 
intestine, once the operation is complete. However, these 
alternative methods for delivering local radiation therapy, 
when combined with extended surgery and chemotherapy, 
seem to result in morbidity and survival outcomes that are 
comparable to our experience with intraoperative electron-
beam radiation therapy.

Results of Multimodality Treatment  
for Advanced Primary or Locally  
Recurrent Rectal Cancer

Disease recurrence and survival in patients with rectal cancer 
is highly dependent upon the stage of disease and the mode 
of treatment. In recent reports, the combination of preopera-
tive external-beam radiation and total mesorectal excision 
surgery for resectable rectal cancer resulted in a recurrence-
free rate of 94% for Stage II and 85% for Stage III tumors.45 
However, more locally advanced rectal cancers often have a 
higher recurrence rate.46 Although the cause of death in these 
patients is commonly due to systemic disease, a mortality rate 
of 16–44% has been attributed to isolated local failure.47,48 
Also, advanced primary disease and recurrences in the pel-
vis are associated with significant pain, bleeding, and urinary 
or neurologic complications that often dominate the clinical 
picture and affect the patient’s quality of life.14 Traditionally, 
palliative pelvic radiation has been used, but it often only pro-
vides short-term palliation of symptoms or of local disease 
progression.14,49 To better address the significant symptoms 
associated with advanced primary or recurrent rectal cancer 
and to perhaps improve survival, a number of institutions have 
used multimodality therapy, including preoperative chemora-
diation, extensive surgery, and intraoperative-directed local 
radiation therapy.

For patients with advanced primary rectal cancer, studies 
have shown the benefit of combined preoperative chemora-
diation followed by radical surgery. In a retrospective review 
of 60 patients with primary locally advanced rectal cancers, 
81% were able to undergo curative resection.28 Their overall 
2-year survival was 91%, and their local regional recurrence 
rate was 7.5%. In another study, preoperative chemoradia-
tion with extensive surgery improved overall survival and 
control of pelvic disease compared to preoperative radia-
tion therapy alone.39 In that study, the use of IORT improved 
local control in patients with microscopic residual disease 
or clinically fixed tumors. None of the patients treated with 

IORT developed local failure in the pelvis. Similar findings 
of improved local control and survival were reported in a 
series of patients with primary advanced rectal cancers who 
were given high-dose-rate intraoperative radiation therapy 
(HDR-IORT).40 These 22 patients with primary unresectable 
rectal cancer underwent multimodality therapy including 
preoperative chemotherapy, external-beam irradiation, and 
extensive surgery with intraoperative brachytherapy, which 
led to actuarial 2-year local control of 81%. Local tumor 
control was 92% for patients who underwent resection with 
negative margins vs. 38% for those with microscopic posi-
tive margins. The overall 2-year actuarial disease-free sur-
vival rates were 77% for patients with negative margins and 
38% for patients with positive margins. In summary, a num-
ber of reports of patients with locally advanced primary rec-
tal cancer who were treated with intraoperative radiation and 
surgery have shown an overall improvement in local control 
compared to historical controls.

Surgery alone has been used to treat recurrent rectal can-
cers. In Garcia-Aguilar and colleagues reported a series of 
87 patients with recurrent rectal cancer.50 Sixty-four patients 
underwent surgical exploration, and only 42 were able to 
undergo resection with curative intent. The estimated 5-year 
survival rate for patients who had curative-intent surgery was 
significantly better than that for patients who had only pal-
liative or no surgery (35 vs. 7%). In most series, recurrence 
and survival rates for patients with recurrent rectal cancer 
treated with surgery alone are less than those for patients 
with primary advanced rectal cancer, but are still better than 
historical data for patients treated with palliative therapies. In 
general, patients treated with multimodality therapy includ-
ing preoperative or intraoperative radiation therapy experi-
ence 3-year local control rates ranging from 25 to 78%, and 
long-term survival has been reported to be between 25 and 
40%.30–33,51–58 The most consistent findings from all of these 
reports is that the most predictive factor associated with a 
better outcome, decreased local recurrence, cancer-specific 
and overall survival is an R0 resection. The presence of 
microscopic positive or grossly positive margins markedly 
reduces survival.

The institution with the largest reported experience using 
multimodality therapy including IORT for recurrent rectal can-
cer is the Mayo Clinic. Between 1981 and 1996, 394 patients 
were treated, 90 of whom had unresectable local or extrapel-
vic disease at the time of surgical exploration.51 Although 304 
patients underwent resection of the recurrent tumor, only 138 
(45%) underwent a histologically confirmed curative resec-
tion. The 166 remaining patients had a palliative operation 
because of either gross (n = 139) or microscopic (n = 27) 
residual cancer in the pelvis. Nine percent of the patients who 
had surgery with curative intent underwent extended resec-
tions (i.e., sacrectomy, pelvic exenteration, cystectomy with 
ileal conduit) due to the advanced nature of the tumor. These 
patients were prospectively monitored to determine long-term 
survival and the factors influencing survival.
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The 1-year, 3-year, and 5-year survival rates for the 304 
patients were 84, 43, and 25%. The median survival time was 
31 months. The 5-year survival rate was greater after curative 
surgery (i.e., negative histologic margins) than after pallia-
tive surgery (37 vs. 16%, P < 0.001). The presence of gross 
residual disease in patients who underwent nonpalliative 
resections resulted in decreased survival compared to those 
patients with microscopic residual disease. However, survival 
for patients who had extended resections was not significantly 
different than that for patients who had a limited resection (28 
vs. 21%, P = 0.11, respectively). Logistic regression analysis 
found several independent factors that contributed to the abil-
ity to perform a curative resection. On univariate analysis, 
an initial surgery with end colostomy or painful recurrence 
was associated with having palliative surgery. On multivari-
ate analysis, increasing number of tumor fixation sites was 
associated with a palliative resection. These factors also 
affected overall survival; patients with pain and more than 
one site of fixation had significantly lower survival rates. The 
best 5-year survival rates were in patients who had nonfixed 
tumors (41%) or asymptomatic recurrences (41%). Other 
institutions that have used a multimodality approach that 
included some form of intraoperative radiation have reported 
similar improvements in local recurrence and survival.55–58

Patients whose tumors can be resected with negative 
margins often have better outcomes. Because of this, some 
investigators have questioned the routine use of the intraop-
erative, locally directed radiation therapy.59 Recently, Wiig 
and colleagues60 have reported a nonrandomized prospective 
study evaluating the value of IORT in reoperative surgery for 
recurrent rectal cancer. The estimated overall 5-year survival 
was 30%. However, patients who had an R0 resection had a 
60% survival compared to 25 and 0% for R1 and R2, respec-
tively. The use of IORT did not improve survival or local 
recurrence when controlling for R-stage resection. However, 
other reports indicate that IORT improves local control and 
survival even in patients with R1 resections when compared 
to most control series of patients.52 In addition, many series 
report that pelvic recurrences after multimodality therapy 
that included IORT occur outside the intraoperative radia-
tion field. In the most recent study to look specifically at 
the rate of local recurrence after the use of high-dose-rate 
brachytherapy, significantly more recurrences occurred out-
side of the IORT field than within the radiation field.58 In 
that series, the time to pelvic recurrence was 16 months in 
patients who had a pelvic recurrence outside the radiation 
field, and 31 months in patients who had a pelvic recurrence 
within the radiation field; however, the difference was not 
statistically significantly (P = 0.07). To specifically address 
the benefit of adding IORT to the combined multimodality 
treatment of patients with advanced primary or recurrent rec-
tal cancer, a prospective randomized trial would be required. 
However, this would be a difficult undertaking given the 
relatively few institutions capable of delivering this complex 
therapy, the variations in different intraoperative radiation 

techniques, and the relatively limited number of patients for 
whom this therapy is appropriate. For now, most studies, 
although retrospective and often based on single institutions, 
suggest that combined multimodality therapy that includes 
IORT provides the best chance for cure for patients with 
locally advanced or recurrent rectal cancer.

Perioperatively related mortality was very low in patients 
who undergo this multimodality treatment (0.3%).51 Unfor-
tunately, the treatment-related morbidity is relatively high. In 
one series of 304 patients who underwent surgery with curative 
intent, 96 (32%) required prolonged hospitalizations, 78 (26%) 
of whom required readmissions and/or additional  surgical pro-
cedures. The most frequent complications included pelvic 
abscesses (6.6%), bowel obstructions (5.3%), enteric fistulas 
(4.3%), and perineal wound complications (4.6%).51 The com-
plication rate was significantly higher in patients who under-
went extended surgical resections and in patients who had 
recurrences fixed in more than two sites in the pelvis. These 
findings underscore the need for thorough preoperative patient 
selection to ensure that the patient is fit enough to tolerate the 
surgery and the potential complications and that there is no 
evidence of disease outside of the region of resection.

Palliative Care for Advanced or Recurrent 
Rectal Cancer

Patients who present with locally advanced or recurrent rec-
tal cancer must first be evaluated with the intent to cure. An 
equally important consideration is palliation of symptoms if 
a cure does not seem to be achievable. The local effect within 
the pelvis of an advanced or recurrent rectal cancer drives the 
need to address control of symptoms. These symptoms often 
include rectal bleeding, rectal obstruction, urinary obstruc-
tion due to local invasion, and severe pain related to inva-
sion of the pelvic sidewall or direct invasion of pelvic nerves. 
Over the past decade, the choice of palliative options has 
expanded, and the choice of option requires careful consid-
eration of the presenting symptoms, possible future symp-
toms, extent of local and distant spread of the disease, and 
the overall physical condition of the patient.

Palliative interventions may be broadly classified as non-
invasive, minimally invasive, and surgical. The primary 
noninvasive palliative option is radiotherapy. In patients 
who have never received pelvic radiation, a full course of 
external beam irradiation may be a very effective treatment 
for bleeding, pelvic pain, and near obstruction. The use of 
external-beam radiotherapy may result in palliation of severe 
pelvic pain in 50–90% of patients.61,62 However, virtually all 
patients will experience progression of the tumor and recur-
rent symptoms before they die. Lingareddy and colleagues49 
have shown that there is a significant use for palliative reir-
radiation in treating recurrent rectal cancers. In their study of 
52 patients with recurrent rectal cancer, pelvic reirradiation 
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resulted in complete palliation of bleeding, pain, and mass 
effect in 100, 65, and 24% of cases, respectively. The median 
initial radiation dose to the pelvis was 50 cGy; the median 
reirradiation dose was 30 cGy. Most patients had palliation 
of their symptoms until their deaths. Grade 3 and 4 toxicities 
were seen in 23 and 10% of patients, respectively. The 2-year 
overall actuarial survival was 25%.

Minimally invasive approaches to palliation usually involve 
mechanical means to reduce symptoms related to pelvic tumors. 
These include ureteral stents to alleviate urinary obstruction 
and expandable metal colonic wall stents or the use of lasers to 
relieve rectal obstruction. Self-expanding metal stents (SEMS) 
are useful for the nonsurgical management of rectal obstruc-
tions, bleeding, and malignant fistulas.63 In a review of the liter-
ature, palliation with SEMS was achieved in 90% of patients.64 
In the largest series to report on SEMS for malignant rectal 
obstructions, stents could be deployed successfully in 36/37 
patients with rectal obstructions,65 and 28 had good long-term 
results with no need for subsequent intervention.65

Endoscopic lasers are an alternative to SEMS. The neo-
dymium yttrium argon garnet (Nd:YAG) laser is the most 
commonly used. Endoscopic laser treatments remove the 
tissue from the lumen by coagulative necrosis or immedi-
ate tissue vaporization, depending on the amount of energy 
applied. Palliation of symptoms and marked improvement 
in quality of life is achieved after repeated laser sessions 
(usually 2–5) in 80–90% of patients.66,67 Unfortunately, laser 
therapy does not appear to be a durable treatment. Effective 
palliation declines as patients survive longer; successful pal-
liation at 1 year was only 42%.68

There is no data on the use of palliative resections in 
patients with locally advanced or recurrent rectal cancer. 
However, a report from Memorial Sloan-Kettering has 
evaluated the role of palliative resection in 80 patients with 
Stage IV rectal cancer.69 Twenty-four percent had clinical 
evidence of obstruction and 94% had either T3 or T4 lesions. 
None had received prior surgery or radiation therapy. They 
underwent radical resection of the primary lesion and surgi-
cal treatment of solitary hepatic metastasis, if present. There 
was one death, a 15% postoperative morbidity, and a 20% 
colostomy rate. The overall local recurrence rate was 6%, the 
actuarial local control at 2 years was 94%, and the median 
survival was 25 months. This study shows that in appropri-
ately selected patients with stage IV disease and complicated 
or advanced rectal cancer, surgical resection of the primary 
tumors can achieve very reasonable oncologic results and 
provide good palliation of symptoms related to the tumor.

Summary

For patients with advanced primary or recurrent rectal cancers, 
the only hope of cure requires a coordinated multidisciplinary 
approach to treatment. In general, EBRT, chemotherapy, exten-
sive surgery, and the use of directed IORT appears to improve 

local control and survival. Surgery in these patients carries a 
higher morbidity rate than surgery for primary rectal cancer but 
one that is acceptable in appropriately selected patients. Before 
proceeding with multimodality therapy, patients should be thor-
oughly evaluated for the presence of disseminated extrapelvic 
or metastatic disease, which would, in most instances, pre-
clude a curative operation. Experience indicates that isolated 
anterior or posterior fixation of the tumor does not preclude a 
curative resection. In these cases, en bloc resection of involved 
organs or bony structures can result in resection with negative 
margins. However, tumors fixed to the lateral pelvic sidewall, 
fixed at multiple points, or fixed circumferentially are often 
unresectable or incurable. Available data from many institu-
tions indicate that multimodality therapy for advanced primary 
or recurrent rectal cancer results in better local control and 
higher survival rates than palliative therapy.
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Colorectal Cancer: Adjuvant Therapy
Kelli Bullard Dunn and Judith L. Trudel

Colon Cancer

The stage of disease at presentation is the most important 
predictor of outcome for colon cancer patients. Stage I 
(T1-2N0M0) disease carries an excellent prognosis of up to 
95% 5-year survival rate after resection, and surgical treat-
ment alone is considered sufficient; adjuvant treatment is not 
indicated.1 Patients with stage II disease (T3-4N0M0) also 
have excellent 5-year survival, averaging 70–80%, but a sub-
set of high-risk patients have poorer prognosis.1 As such, it 
has been suggested that some stage II patients may benefit 
from adjuvant therapy, but the role of treatment in this patient 
population remains controversial. In contrast, adjuvant treat-
ment repeatedly has been shown to improve survival for 
stage III (TanyN1-2M0) disease.

Adjuvant Chemotherapy for Stage II  
and III Colon Cancer

Nodal status is the single most important prognostic factor 
in colon cancer. Overall 5-year survival after curative sur-
gery for stage III colon cancer ranges from approximately 
40–60%.2 Recurrences are often systemic, hence the need 
for adjuvant treatment in these high-risk patients. Because 
the outlook for patients with stage II disease is considerably 
better, oncologists have been hesitant to offer adjuvant ther-
apy to these patients. Nevertheless, some stage II patients 
will develop systemic recurrence, and a number of trials 
have attempted to address whether adjuvant chemotherapy is 
appropriate in these patients.

The efficacy of 5-fluorouracil (5-FU)/leucovorin (LV)-
based adjuvant chemotherapy for stage III disease has long 
been well established and is now considered to be the stan-
dard of care in the USA.3 Historically, single-agent chemo-
therapeutic agents such as thiotepa or fluoropyrimidines did 
not prove helpful as adjuvant treatment for colon cancer. 
Progressively, several combination trials of chemotherapy 

and immune modulators helped refine the recommendations 
made for adjuvant treatment. In 1988, the NSABP (National 
Surgical Adjuvant Breast and Bowel Project) CO-1 trial doc-
umented 8% improvement in overall 5-year survival for both 
stage II and stage III disease when adjuvant chemotherapy 
with MOF (semustine, vincristine, and 5-FU) was used.4 In 
1989, the NCCTG (North Central Cancer Treatment Group) 
compared surgical resection alone to levamisole and to 
5-FU plus levamisole. 5-FU plus levamisole significantly 
decreased recurrence rates and improved overall survival, 
particularly in Dukes’ C (stage III) patients.5 The 1990 Inter-
group Trial INT-0035 study subsequently confirmed the 
efficacy of 5-FU plus levamisole in Dukes’ stage C cancer.6 
As a result of these trials, the National Institutes of Health 
published a consensus statement in 1990 establishing 5-FU 
plus levamisole as the standard adjuvant therapy for stage III 
colon cancer.7

While the usefulness of 5-FU/levamisole in stage III dis-
ease was being confirmed, leucovorin emerged as a ben-
eficial agent for the treatment of metastatic disease. Its 
applicability to stage II and stage III disease was confirmed 
by the IMPACT (International Multicenter Pooled Analyses 
of Colon Cancer Trials) study in 1995; 3-year disease-free 
survival increased from 62 to 71% (p = 0.0001) while overall 
survival increased from 78 to 83% (p = 0.029) in the 5-FU/
leucovorin group.8 The NSAPB C-03 randomized trial of 
stage II and stage III patients comparing MOF to 5-FU/leu-
covorin had documented a similar advantage of 5-FU/leuco-
vorin, with a 3-year disease-free survival increased from 64 
to 73% (p = 0.0004) and an overall survival increased from 
77 to 84% (p = 0.003) in the 5-FU/leucovorin group com-
pared to MOF.9

The relative merits of levamisole and leucovorin as modu-
lators of 5-FU-based adjuvant chemotherapy, and the optimal 
duration of treatment have been documented in several stud-
ies between 1998 and 2000. The NCCTG/NCIC (National 
Cancer Institute of Canada)10 study of 915 patients compared 
6 months 5-FU/leucovorin; 6 months 5-FU/leucovorin/levam-
isole; 1 year 5-FU/levamisole; and 1 year 5-FU/leucovorin/
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levamisole. Triple therapy for 6 months was as effective as 12 
months; and 6-month triple therapy provided superior 5-year 
overall survival and disease-free survival compared to 5-FU/
levamisole. The Intergroup Trial INT-0089 of 3,759 patients 
compared 1 year 5-FU/levamisole; 5-FU/high-dose leuco-
vorin for 32 weeks; 5-FU/low-dose leucovorin for 6 cycles; 
and 5-FU/low-dose leucovorin/levamisole for 6 cycles.11 
There were no differences between the four treatment arms 
with regards to 5-year disease-free and overall survival. The 
NSABP CO-4 study essentially confirmed these results.12 The 
QUASAR Collaborative Group study13 confirmed the survival 
advantage provided by leucovorin modulation over levami-
sole. Based on the results of these studies, the new standard 
for treatment was changed to 6 months of adjuvant chemo-
therapy with 5-FU/leucovorin for stage III disease.

While the efficacy and benefits of adjuvant chemotherapy 
for stage III node-positive disease is unequivocally docu-
mented through numerous randomized trials, the role of 
adjuvant chemotherapy for stage II node-negative disease 
is still controversial. The data from the early studies which 
prompted the NIH recommendation for adjuvant treatment in 
stage III disease did not support a similar recommendation 
for stage II disease.5,6 Recent meta-analyses have yielded con-
flicting results. The IMPACT-B

2
 (International Multicenter 

Pooled Analysis of B
2
 colon Cancer Trials) Group published 

a pooled analysis of five trials conducted from 1982 to 1989 
and regrouping 1,016 patients with stage B

2
 colon cancer.14 

Relapse rates, all-cause death rates, 5-year event-free survival 
and overall survival were similar with adjuvant 5-FU/leuco-
vorin compared to controls. Increasing age and poor tumor 
differentiation were indicators of poor prognosis.14 A SEER-
Medicare cohort analysis of 3,700 patients with resected stage 
II colon cancer did not reveal any change in 5-year survival 
in patients having received adjuvant chemotherapy (74% vs. 
72%).15 In contrast, the NSABP concluded that all Dukes’ B 
colon cancers should be offered adjuvant chemotherapy16 after 
reviewing data from four very different trials (CO-1, CO-2, 
CO-3 and CO-4) regrouping 1,565 patients with Dukes’ B dis-
ease, 2,255 patients with Dukes’ C disease, and with widely 
different treatment and control arms. The authors calculated a 
30% relative reduction in mortality for stage II patients hav-
ing received adjuvant chemotherapy. That meta-analysis has 
since been widely criticized for its methodological flaws, and 
the controversy rages on. The likelihood of reaching a resolu-
tion on this subject is remote: in order to detect a significant 
survival benefit among stage II colon cancer patients (who 
have an estimated 5-year survival of 80%), an adjuvant trial 
with a no-treatment control arm would require a sample size of 
5,000–8,000 patients.17 At this time, the use of adjuvant che-
motherapy for stage II disease remains an unanswered ques-
tion, mainly because the prognosis for stage II node-negative 
disease is good overall, and many patients would face unnec-
essary treatment. For the time being, high-risk patients might 
be considered for  adjuvant treatment on an individual basis or 
might be entered in a clinical trial.

The observation that the newer chemotherapy agents 
 irinotecan and oxaliplatin are effective in treating stage IV 
(metastatic) colorectal cancer led to postulation that these 
agents might further improve survival in stage II and III 
disease. To assess the efficacy of irinotecan in the adjuvant 
setting, the PETACC-3 trial randomized over 2,000 patients 
with stage III colon cancer to 5-FU/LV plus irinotecan or 
5-FU alone. In contrast to stage IV disease, no survival 
advantage was achieved by adding irinotecan to 5-FU (5-year 
survival was 74% vs. 71%) and toxicity (gastrointestinal 
and hematologic) was increased.18 Results for oxaliplatin, 
on the other hand, are more promising. Recent data from the 
multicenter international randomized MOSAIC Trial have 
confirmed that the addition of oxaliplatin to 5-FU/leuco-
vorin (FOLFOX) further decreases the risk of recurrence 
in stage II and stage III disease by 23%, resulting in a sig-
nificant improvement in 3-year disease-free survival.19 This 
improvement in survival has proven durable in stage III dis-
ease and 6-year overall survival recently has been reported 
to be 73% in the FOLFOX group compared to 69% in the 
5-FU group. Toxicity also proved to be acceptable, with 
fewer than 1.5% of patients experiencing grade 3 peripheral 
sensory neuropathy.20 Although initial reports suggested 
that this benefit would also extend to stage II patients,21 
longer-term follow-up has once again muddied the waters. 
For stage II patients, the addition of oxaliplatin offered no 
survival advantage over 5-FU alone. As a result of these 
recent studies, FOLFOX is now recommended for adjuvant 
therapy in stage III colon cancer. This regimen may also be 
useful in select stage II patients, especially those with high-
risk features such as T4 tumors, vascular invasion, or poor 
differentiation, but definitive recommendations must await 
additional trials.22

Targeted Biologic Therapy

Over the past several years, monoclonal antibodies targeting 
specific tumor proteins have proven useful in treating selected 
patients with metastatic colorectal cancer. This utility has 
raised the possibility that these agents may prove efficacious 
in the adjuvant setting. Antibodies against epidermal growth 
factor receptor (cetuximab) and vascular endothelial growth 
factor (bevacizumab) are of greatest interest and several trials 
are currently accruing patients. The AVANT trial and NSABP 
C-08 trial both compare standard 5-FU and oxaliplatin-based 
therapy to standard therapy plus bevacizumab. NSABP C-08 
recently has released safety data showing that the addition 
of bevacizumab is well tolerated.23 The Eastern Cooperative 
Oncology Group 5202 is stratifying stage II colon cancer 
patients based upon loss of heterozygosity and microsatellite 
instability to test the efficacy of FOLFOX plus bevacizumab. 
Finally, PETACC-8 and INT No 147 are comparing FOLFOX 
to FOLFOX plus cetuximab in stage III colon cancer.22,24 The 
results of these trials are anxiously awaited.
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Radiotherapy

Local recurrence of rectal cancer after surgery with curative 
intent has always been recognized as a significant clinical 
problem. Combined chemoradiotherapy has been shown 
to increase both local control and survival for patients 
with locally advanced and node-positive rectal cancer (see 
below).25 In contrast, although local failure and recurrence 
after surgery for colon cancer had been described, there 
long existed an unwritten consensus that treatment failures 
in colon cancer surgery were primarily systemic rather than 
local. Thus, no prospective randomized study was devised 
to provide data on the role of external beam radiotherapy 
in preventing local recurrence or improving survival after 
colon surgery. The recognition that selected individuals with 
colon cancer were at a high risk for local recurrence eventu-
ally came from retrospective reviews of patterns of failure 
after surgery with curative intent. Two large retrospective 
reviews helped define the risk factors for local recurrence 
after surgery for colon cancer.26,27 Loco-regional failure was 
identified in 19%26 to 46%27 of patients overall; at least half 
of local recurrences were in the original tumor bed. Only 
13% of the local recurrences were salvageable surgically.26 
The most important risk factors for local recurrence were 
(1) pathological staging, with local recurrence rates of 35% 
in modified Astler–Coller stages B3, C2, or C3 vs. 7% in 
stages A, B1, and C126; (2) primary tumor localization in a 
fixed, nonperitonealized segment of the colon, with the high-
est failure rates in the cecum, descending colon, hepatic or 
splenic flexures, and sigmoid colon26,27; (3) colon carcinoma 
complicated by perforation or obstruction, with a two- to 
threefold increase in local recurrence for any given patho-
logical stage.26

Identification of individuals at high risk for local recur-
rence after curative surgery for colon cancer triggered a num-
ber of studies on the role of external beam radiotherapy in 
preventing local recurrence or improving survival after colon 
surgery. Several disparate single-institutional retrospec-
tive studies suggested an improvement in local failure and 
recurrence rates with adjuvant radiotherapy compared to his-
torical controls.28–30 Wide variations in radiation techniques 
and doses, concurrent use and choice of chemotherapy, and 
patient selection criteria make comparison between stud-
ies difficult. Overall, local control rates ranged from 60 to 
88%, a significant improvement over controls treated by sur-
gery alone. A single randomized prospective study initiated 
jointly by the NCCTG and RTOG, comparing chemotherapy 
alone with F-FU/levamisole vs. combined chemotherapy/
radiotherapy closed prematurely because of poor accrual; 
although no differences were observed in overall survival 
between treatment arms, the study lacked sufficient statisti-
cal power to draw valid conclusions.31

At this time, the precise role of adjuvant radiotherapy in 
the treatment of colon cancer remains undefined. There is no 
data to support a systematic recommendation for therapy or 

a well-recognized adjuvant regimen. The potential risks of 
adjuvant radiotherapy for colon cancer, particularly radiation 
damage to surrounding organs (e.g., small bowel) are signifi-
cant. Treatment for individuals deemed at high-risk for local 
recurrence after curative surgery for colon cancer should be 
individualized.

Rectal Cancer

Although surgery remains the central treatment of rectal can-
cer, the overall approach to treatment has changed dramati-
cally over the last three decades. Surgical technique has been 
refined to become more focused and precise, with specific 
attention given to a locally more aggressive and meticulous 
technique. Optimal treatment requires precise local staging 
as well as evaluation of potential disease spread to distant 
organs. The modern multimodal therapy approach individ-
ualizes rectal cancer care, thus offering the best and most 
appropriate treatment to every patient. Local and distant 
staging orients the decision for adjuvant radiotherapy and/
or chemoradiotherapy and for available surgical approaches, 
such as local excision or an abdominal procedure.

Adjuvant/Neoadjuvant Therapy  
for Stage I Rectal Cancer

Like stage I colon cancer, 5-year survival after curative intent 
surgery (radical resection) for stage I rectal cancer exceeds 
90%.32 For this reason, adjuvant or neoadjuvant therapy is 
not recommended for patients who undergo radical resection 
of T1 or T2N0 tumors.

The morbidity of radical surgery has led some surgeons 
to consider local (transanal) excision for these early lesions. 
Advantages of local excision include sphincter preservation 
in some cases and the avoidance of an abdominal proce-
dure in patients who are medically compromised. Despite 
these advantages, concern increasingly has arisen as to the 
oncologic efficacy of local excision. Recurrence after local 
resection of T1 tumors ranges from 4 to 18%; for T2 tumors 
recurrence ranges from 27 to 67%.33–35 For this reason, adju-
vant radiation and/or chemoradiation therapy after local 
(transanal) excision have been suggested as an adjunct to sur-
gery to improve local control and prolong survival. Uncon-
trolled studies suggest that the addition of adjuvant therapy 
improves outcome.34–40 ACOSOG Z6041 currently is accru-
ing patients with T2 rectal cancers in an attempt to deter-
mine if preoperative chemoradiation followed by transanal 
excision will result in disease-free survival equivalent to that 
seen after radical surgery.41 For patients in whom medical 
comorbidities preclude an abdominal procedure, adjuvant or 
neoadjuvant chemoradiation therapy may be appropriate to 
improve local control.42
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Adjuvant/Neoadjuvant Therapy  
for Stage II and III Rectal Cancer

Combined modality chemotherapy and radiation have long 
been used as adjuvant therapy for locally advanced (stage 
II and III) rectal cancer. Several studies demonstrated both 
improved local control and prolonged survival, and resulted 
in the 1990 NIH consensus conference recommendation 
for postoperative chemoradiation therapy in these patients.7 
There is little controversy regarding adjuvant or neoadju-
vant therapy for stage III (TanyN1M0) disease. However, 
advances in surgical technique, such as total mesorectal 
excision (TME), for locally advanced node-negative cancers 
(T3-4, N0, M0; stage II) have improved local control with 
surgery alone, prompting some surgeons to abandon adju-
vant therapy in these patients.43,44 Although the data from 
these studies are intriguing, other reports have shown that 
chemoradiation improves local control and survival even 
in patients who undergo TME.45 Adjuvant or neoadjuvant 
therapy is still recommended for all patients with stage III 
disease and the majority of patients with stage II disease. 
In well-selected patients with T3 tumors, favorable histol-
ogy, and negative radial margins, chemoradiation may not be 
necessary, but larger prospective studies are required before 
this approach can be recommended.

Radiation Therapy

Initial neoadjuvant radiation has long been considered an 
important adjunct in the treatment of rectal cancer. A short 
preoperative course, 20–30 Gy given over 1 week (most 
commonly used) is biologically equivalent to the traditional 
postoperative course of 45–55 Gy given over 5–6 weeks. 
It was long held that neoadjuvant radiation alone only 
improved local control but did not improve survival. In 1993, 
the randomized Swedish Rectal Cancer Trial (SRCT) dem-
onstrated that a biologically equivalent short course (25 Gy) 
of preoperative radiotherapy with surgery within the next 
week significantly reduced local recurrence from 27 to 12%, 
and improved 5-year survival rates from 48 to 58% when 
compared to surgery alone.46 The main objection to all tri-
als showing improvement in local recurrence and survival 
rates with radiotherapy, including the SRCT, is that surgical 
technique was not optimal. The average local recurrence rate 
in the “surgery alone” arm in all trials discussed in the meta-
analyses was 29–30%.47–49 Although the undisputed major 
benefits of preoperative radiotherapy remain loco-regional 
tumor control and decreased local recurrence, several reports 
have shown that lower local recurrence rates have been 
achieved in specialized centers using a more meticulous sur-
gical technique.50–52 Several reports from different countries 
have confirmed that surgical skill is of utmost importance, 
thus opening for discussion the real role of radiotherapy 
when surgical technique is optimized.53–56

Those concerns prompted the reexamination of short-course 
neoadjuvant radiotherapy followed by surgery within 1 
week vs. surgery alone in the Dutch trial. All participating 
surgeons had adopted the technical “gold standard” of total 
mesorectal excision (TME) before entering patients. In this 
randomized multicenter study of 1,861 patients with rec-
tal cancer, 2-year local recurrence rates were significantly 
improved from 8.2 to 2.4% when preoperative radiation was 
given prior to TME.52 Five years figures confirm a reduc-
tion in local recurrence rates from 11.4% after TME alone 
vs. 5.6% for preoperative radiotherapy followed by TME but 
this does not translate into an improvement in 5-year sur-
vival rates (van de Velde, personal communication). Thus it 
seems that neoadjuvant radiotherapy still has a place in the 
treatment of rectal cancer, even when surgical technique is 
optimized.57

The advisability of adding chemotherapy to preopera-
tive radiation (and therefore to use neoadjuvant combined 
chemoradiotherapy) is undergoing intense scrutiny. Addi-
tional 5-FU-based chemotherapy may theoretically act as a 
radio-sensitizer at the high cost of increased hematologic and 
gastrointestinal toxicity. Neoadjuvant chemoradiotherapy is 
recommended for advanced disease (T4, N0-2), but until 
recently there was no randomized phase III study comparing 
neoadjuvant radiotherapy vs. neoadjuvant chemoradiother-
apy in resectable rectal cancer (T2-3, N0-2). The EORTC 
22921 trial initially reported that the addition of chemo-
therapy (either pre- or postoperatively) did not substantially 
improve survival in resectable rectal cancer; however, the 
survival curves began to diverge several years into the study, 
suggesting that a subgroup of patients might benefit from 
chemotherapy.58 A recent update confirms that chemotherapy 
in addition to radiation therapy is beneficial for patients who 
respond well (ypT0-2) vs. those who respond poorly (ypT3-
4).59 Because it is difficult, if not impossible, to predict tumor 
response to neoadjuvant therapy, most oncologists currently 
recommend combination chemoradiation therapy.

Adjuvant vs. Neoadjuvant Therapy

Although combination chemotherapy and radiation have been 
shown to decrease local recurrence and improve survival for 
patients with stage III rectal cancer and many with stage II 
rectal cancer, the optimal timing of therapy has been contro-
versial. Preoperative chemoradiation has been advocated 
based on tumor shrinkage/downstaging, improved resectabil-
ity, and the possibility of performing a sphincter sparing oper-
ation in some patients. In addition, the absence of small bowel 
adhesions in the pelvis may decrease toxicity.60–70 However, 
preoperative radiation therapy may increase operative com-
plications and impairs wound healing.71–75 Although preop-
erative endorectal ultrasound and MRI have improved our 
ability to stage rectal cancer, clinical “overstaging” can be 
problematic and neoadjuvant therapy may  therefore overtreat 
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patients with pT1-2, N0 tumors.  Advocates of postoperative 
radiation therapy cite more accurate pathologic staging and 
fewer operative/postoperative complications. However, large, 
bulky tumors may be unresectable or require a more exten-
sive operation (APR, pelvic exenteration) without preopera-
tive therapy. In addition, postoperative pelvic radiation may 
compromise function of the neorectum.76

According to three recently published meta-analyses, 
there is no doubt that neoadjuvant treatment is superior to 
adjuvant treatment with regards to reduction in local failure 
rates and cancer-specific survival.47–49 The results of two out 
of three other trials that specifically studied preoperative vs. 
postoperative radiotherapy support the conclusions from 
the meta-analyses. The first report was the Uppsala trial in 
which short-course preoperative radiotherapy in all patients 
was compared with postoperative prolonged course only 
in patients with advanced cancers (stage II and III).77 The 
other two trials compare neoadjuvant chemoradiotherapy 
with adjuvant chemoradiotherapy with same schedules and 
doses. The results from the NSABP R-03 trial, which closed 
prematurely because of poor accrual, showed that 44% of 
patients having undergone preoperative chemoradiation 
were disease-free at 1 year, compared with 34% of patients 
who had received postoperative chemoradiation. Results 
from the German CAO/ARO/AIO-94 trial address the issue 
of toxicity, postoperative complications, and oncologic out-
come. This study randomized 823 patients with T3-4 and/
or node-positive rectal cancer to either pre- or postopera-
tive chemoradiation (5-FU-based chemotherapy + 5,040 cGy 
radiation). An initial report showed equivalent toxicity (11–
12%), equivalent postoperative complications (12%), and 
equivalent anastomotic leak rate (3%).78 A subsequent report 
noted that preoperative chemoradiation improved local con-
trol (local recurrence = 6% in the preoperative chemora-
diation group vs. 13% in the postoperative chemoradiation 
group). Long-term survival was equivalent in both groups 
(76% vs. 74%). Interestingly, both short and long-term toxic-
ity were significantly lower in the preoperative chemoradia-
tion group.79 As such, preoperative chemoradiation is now 
recommended for all patients with clinical stage III disease 
and most with clinical stage II disease.

Chemotherapeutic Agents

Like colon cancer, adjuvant and neoadjuvant therapy for 
rectal cancer has long utilized 5-FU-based regimens. Infu-
sional 5-FU and, increasingly, oral 5-FU (capecitabine) 
have used as radio-sensitizing agents. Because additional 
agents such as oxaliplatin have shown synergistic efficacy 
in the metastatic setting, the addition of this agent to neo-
adjuvant regimens has been suggested. Two recent phase II 
studies of oxaliplatin in combination with capecitabine and 
radiation demonstrated good complete pathologic responses 
(16 and 24%) with acceptable toxicity (grade 3–4 toxicity 

in only 12 and 20% of patients).80,81 Prospective randomized 
phase III trials (PETACC-6 and NSABP R-04) are currently 
underway to assess the efficacy of this approach.24

Radiation Dose and Timing of Surgery 
After Completion of Treatment

Controversy also exists as to the optimal radiation dose and 
timing of posttreatment surgery. Current regimens in the 
USA typically give a total of 45–54 Gy of radiation over 4–6 
weeks. Surgery is then performed 6 weeks later. Many Euro-
pean centers, in contrast, favor a short course of radiation 
consisting of five fractions of 500 cGY (total dose = 25 Gy) 
without chemotherapy followed by surgery within 1–2 
weeks. Advocates of the short course of radiotherapy suggest 
that the lower dose of pelvic radiation will result in fewer 
complications while maintaining efficacy in tumor control. 
Earlier surgery theoretically may prevent tumor progression. 
Detractors counter that the lower dose may not be as effica-
cious and that immediate surgery does not allow enough time 
for maximal tumor shrinkage.82 The Swedish Rectal Cancer 
Trial has shown that short-course radiotherapy improves 
local control and long-term survival compared to surgery 
alone.83 Similarly, the Dutch Colorectal Cancer Group has 
shown that short-course preoperative radiotherapy decreases 
local recurrence and increases survival compared to total 
mesorectal excision alone.45 However, there are no studies 
to date that compare short-course vs. long-course chemora-
diation and the majority of radiation oncologists in the USA 
continue to offer standard 45–54 Gy treatment.

The European experience with short-course chemother-
apy followed by early surgery has also led to questions about 
optimal timing for surgery following preoperative chemora-
diation. It has been suggested that delaying resection may 
improve the clinical response to chemoradiation and lead to 
a larger proportion of patients having a pathologic complete 
response (pCR).84 For this reason, several centers have begun 
to study the timing of surgery following neoadjuvant treat-
ment. Stein et al.85 performed a retrospective review of 40 
patients who underwent chemoradiation for low rectal cancer 
followed by resection from 28 to 97 days later. These authors 
found no difference in tumor response based upon the tim-
ing of resection. Moreover, no difference could be detected 
in peri-operative morbidity. However, definitive conclusions 
await larger studies.

Chemotherapy Alone

In contrast to colon cancer, chemotherapy alone as adjuvant 
treatment in rectal cancer remains questionable. Early 1980s 
underpowered US radiotherapy trials concluded that chemo-
therapy improved survival compared to surgery alone. Two 
large randomized trials comprising more than 4,000 patients 
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have studied the value of chemotherapy vs. surgery alone 
in colorectal cancer. Rectal cancer patients were included in 
both studies. Combination 5-FU/levamisole and 5-FU/leuco-
vorin were found to improve survival in colon cancer patients 
but showed no benefit in rectal cancer patients.86,87 These 
results underscore the difference in chemotherapy effective-
ness for rectal cancer and colon cancer. The reasons for this 
are unclear: different tumor profiles or lack of proper surgi-
cal technique at the time of these trials may partly explain 
the results. At this time, adjuvant chemotherapy alone for 
stage III rectal cancer is not acceptable.

Neoadjuvant Therapy in Unresectable 
Rectal Cancer

Based on the literature, it is obvious that there is no uniform 
definition of a nonresectable rectal cancer. For the purpose 
of this section we will define a nonresectable rectal cancer 
as a tumor which cannot be resected without a very high risk 
of local recurrence. These tumors are clinically tethered or 
fixed, but it is difficult to know whether or not the fixity is 
due to cancer overgrowth or fibrosis. Such tumors probably 
involve the rectal fascia, and resection carries a high likeli-
hood of involvement of the circumferential resection margin. 
Based on available data, patients with such large tumors ben-
efit from long-course preoperative radiotherapy (45–55 Gy 
over 5–6 weeks) with the aim of downsizing the tumor. 
Approximately 10–15% of all patients with rectal cancer 
have an advanced cancer which could be considered nonre-
sectable; half of those patients have no metastases, indicat-
ing that there is potential for a curative procedure.88 Based on 
tumor characteristics, surgery alone is unlikely to be curative 
and it is indicated to offer radiotherapy to those patients.

The role of additional chemotherapy has been unclear in 
this context. There is very little solid evidence from random-
ized trials using chemoradiotherapy. One older trial from 1969 
reports positive results from chemoradiotherapy in locally 
unresectable rectal cancer.89 Two other negative trials, pub-
lished in the late 1980s reported increased toxicity.90,91 One 
recent underpowered Swedish trial (2001) showed improved 
local recurrence rate and overall survival in patients random-
ized to chemoradiotherapy vs. radiotherapy alone followed 
by surgery.92 Several phase II trials have reported a reduc-
tion in local recurrence rates and impressive data regarding 
survival;93,94 problems with interpretation of case-mix and 
definition of “nonresectability” make the results of those tri-
als difficult to interpret. One study including 106 patients with 
unresectable rectal cancer has shown improved local control 
and survival in patients who receive aggressive multimodality 
therapy (preoperative chemoradiation, surgery, and intraop-
erative radiation).95 Despite the lack of strong evidence, this 
approach is probably reasonable in selected patients who will 
tolerate such an aggressive approach. Newer chemotherapeutic 
agents currently in use or under study for treatment of locally 

advanced and metastatic colon cancer (especially oxaliplatin) 
will doubtlessly be evaluated for their usefulness in neoadju-
vant and adjuvant treatment of rectal cancer in the near future. 
Their efficacy and usefulness is unknown at this time.96

Neoadjuvant Therapy and Sphincter  
Preservation

Several series claim that preoperative radiotherapy (and pref-
erably chemoradiotherapy) downsizes tumors to the extent 
that it is possible to increase the number of patients in whom 
the sphincters can be preserved.97–101 There is even a report 
showing complete response to chemoradiotherapy in some 
patients with T4 tumors; some of these patients were not 
operated upon and reportedly remain alive and well.84

Caution must be exercised when reading these studies. 
First, rates of sphincter preservation do not tell the entire 
story; second, the main criticism of these studies is that mod-
ern therapies are compared to historical controls. The dra-
matic recent changes in surgical technique (TME, staplers) 
and the modern approach to rectal cancer treatment may par-
tially explain the increased rate of sphincter preservation. We 
now accept a 5–10 mm distal margin as curative procedure if 
a stapled anastomosis is done.102,103 Modern randomized tri-
als must be done to verify the sturdiness of the conclusions. 
In the French R9001 trial, patients with T2 and T3 tumors 
received preoperative 39 Gy (13 × 3 Gy) and were random-
ized to immediate surgery or surgery 5 weeks after irradia-
tion. Surgeons were asked before any treatment to evaluate 
the possibility to preserve the sphincters. Delaying surgery for 
5 weeks after the end of radiation only slightly increased the 
rate of sphincter preservation.104 This small trial indicates that 
there might be a downstaging and downsizing effect, which 
in turn might increase the rate of sphincter preservation. Of 
note, the overall recurrence rate in the trial was 9%, which is 
considered a high figure; more crucially, the local recurrence 
rate was 12% among the patients in whom the surgeon had 
originally planned an APR but changed intraoperatively to 
a sphincter-preserving procedure because of the downsizing 
effect of radiotherapy.104 The German trial (CAO/ARO/AIO) 
trial had a more positive result. Among 194 patients initially 
determined to require APR, neoadjuvant therapy allowed 
sphincter preservation in 39% compared to 19% in the post-
op adjuvant-treated group.79 Nevertheless, long-term outcome 
in the patients who underwent sphincter preservation have not 
yet been compared to patients who underwent APR.

An important consequence of increased sphincter preser-
vation is poor function. Poor quality of life may be the price 
to pay for intact sphincters: up to 20% of all patients who 
undergo a low anterior resection are incontinent of solid 
stool.105 This contrasts with reports that patients with a stoma 
had a better quality of life compared to those with an anterior 
resection.86 This must be considered when selecting surgical 
options for individual patients.



77946. Colorectal Cancer: Adjuvant Therapy

Immunotherapy, Tumor Vaccines,  
and Gene Therapy

The goal of cancer immunotherapy treatments is to stimulate 
the body’s immune system in order to improve host defense 
mechanisms against growing tumors. Colorectal cancer 
immunotherapy strategies have evolved dramatically over 
the past 30 years. Nonspecific immune stimulation with bac-
terial cell products (e.g., BCG) and cytokines (e.g., IL-2) has 
recently been superseded by more specific immune stimu-
lation targeted against colorectal tumor-expressed antigens. 
While some tumor antigens are present in normal tissues but 
overexpressed in cancer, other tumor antigens are restricted 
to cancer tissues. Vaccines stimulate the immune system to 
recognize and act specifically against these tumor-expressed 
antigens, through either the humoral or cellular pathway.

Over 25 phase I and phase II studies have explored a vari-
ety of vaccines based on whole colorectal tumor cells, virus-
modified tumor cells, gene-modified tumor cells, tumor 
antigen-derived peptides, tumor cell lysates, proteins or car-
bohydrates, monoclonal antibodies, plasmid or viral vectors 
encoding tumor antigens, and dendritic cell-based vaccines. 
Promising results were observed in some animal models and 
phase I and II studies, prompting ongoing research efforts.

A few phase III studies have also yielded promising 
results.106 Three large studies have looked at the effect of 
immune stimulation with autologous irradiated tumor vac-
cine plus BCG in colorectal cancer patients. Hoover et al.107 
randomized 98 patients with colon or rectal cancer to surgi-
cal resection alone or surgical resection followed by vaccina-
tion with autologous irradiated tumor plus BCG. There was 
no difference in disease-free or overall survival in 80 eligible 
patients, but subset analysis showed a significant improve-
ment in disease-free survival for colon cancer patients. The 
Eastern Cooperative Oncology Group (ECOG) randomized 
stage II and stage III colon cancer patients to either obser-
vation or vaccination with autologous irradiated tumor plus 
BCG. There was no survival difference between groups, but 
patients with a marked delayed cutaneous hypersensitivity 
showed a trend toward better disease-free and overall sur-
vival, suggesting that survival correlated with the patient’s 
immune response to vaccination.108 Vermorken et al.109 ran-
domized 254 patients operated for colon cancer to either 
observation or vaccination with autologous irradiated tumor 
plus BCG immediately post-op, followed by a vaccine 
booster 6 months post-op. The overall risk for recurrence 
was decreased by 44% in all vaccinated patients, with a 
61% reduction in stage II patients. Vaccination significantly 
increased recurrence-free survival, and there was a trend 
toward improved overall survival.109

Gene therapy is based on the concept of transferring genetic 
material into target cells, which would allow for correction of 
genetic defects in tumor suppressor genes, inactivation of 
oncogenes, or insertion of treatment-sensitizing genes (such as 
drug-converting enzymes) or “suicide genes” into the  colorectal 

cells. Correction of p53 mutations,  inactivation of k-ras gene 
product p21, delivery of pro-drug-converting enzymes are cur-
rently being studied. The long-term potential for clinical use-
fulness of these techniques remains to be defined.

Molecular Profiling and Chemoresistance

Increasingly, tumor characteristics are found to influence 
response to chemotherapy and “personalized” treatment 
based upon molecular profiling shows increasing promise 
for increasing response to therapy while decreasing toxic-
ity. Microsatellite instability (MSI) and rates of phenotypic 
expression of DNA synthesis-associated enzymes recently 
have been found to predict chemoresistance to 5-FU and iri-
notecan.110,111 For example, microsatellite instability appears 
to confer not only better prognosis but may also predict poor 
response to chemotherapy, suggesting that patients with 
MSI-high tumors may not benefit from adjuvant therapy.112 
Similarly, polymorphisms in the enzymes that synthesize 
and metabolize folate may affect both efficacy and toxic-
ity of 5-FU-based therapy.113,114 Finally, the observation that 
k-ras status predicts response to EGFR-targeted therapy in 
metastatic colorectal cancer has implications for adjuvant 
therapy.115,116 This is an area of research which is evolving 
rapidly, and our increasing knowledge on the impact of 
molecular characteristics will certainly change the recom-
mendations for adjuvant treatment in the future.
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47
Colorectal Cancer: Metastatic (Palliation)
Elisabeth C. McLemore and Sonia Ramamoorthy

Introduction

Approximately 20% of colorectal cancer patients present 
with established distant metastases.1 Metastases are often 
detectable with noninvasive imaging such as CT scan and 
MRI that are performed for staging of cancer. A diagnosis 
of stage IV disease then allows for appropriate operative 
and oncologic planning. Among these patients there is enor-
mous heterogeneity with respect to sites of disease, extent of 
disease, symptoms, performance status, and comorbidities. 
The clinical spectrum at the time of diagnosis ranges from 
the asymptomatic patient with a single metastatic lesion 
to the rapidly deteriorating patient with colon obstruction 
and advanced, multiorgan metastases. While treatment algo-
rithms may exist for some forms of metastatic disease such 
as a solitary liver lesion, others are still being defined.

Despite considerable progress in the treatment of advanced 
colorectal cancer, the vast majority of stage IV patients are 
not curable by current treatment protocols. A recent analysis 
of data from the SEER population-based database estimates 
that the 5-year survival rate for stage IV patients diagnosed 
between 1991 and 2000 was 8%.2 Despite a low overall cure 
rate treatment options are available to extend survival and 
enhance quality of life. Systemic chemotherapy, endoscopic 
treatments to palliate obstruction, surgical diversion, and 
surgical resection all have important roles in treatment of 
stage IV patients. Treatment approaches must be individual-
ized based on the extent and resectability of local and distant 
disease, the presence or absence of bowel obstruction, per-
formance status, and co-morbidities. For patients with good 
performance status and minimal symptoms from their pri-
mary cancers, standard treatment is systemic chemotherapy, 
which is well documented to increase survival and quality 
of life.3,4 Surgical resection of the primary tumor and if indi-
cated, of the metastatic lesions can provide excellent pallia-
tion, and in some cases can provide lasting cure.

First-line therapy with either FOLFOX or FOLFIRI now 
yields major responses in up to 50% of previously untreated 
patients, and achieves minor responses or stable disease in an 

additional 20% of patients.5 Multiple effective drug combi-
nations are available as well, and second-line chemotherapy 
has become more effective and more likely to impact sur-
vival. Over the past 10 years, the median survival for patients 
with metastatic disease who are treated with chemotherapy 
has improved from 12–14 to 21 months.6 Although cure 
from chemotherapy alone remains extremely rare, effective 
chemo therapy combined with aggressive surgery may be 
increasing the overall cure rate. In this setting, the care of 
patients with advanced disease has become quite complex. 
The goal of this chapter is to provide a reference source for 
surgeons managing patients who present with metastatic 
stage IV colorectal cancer.

Biology of Metastatic Disease

Metastasis is defined as the spread of malignant cells from a 
primary tumor to a distant organ. It is estimated that 90% of 
all cancer deaths are a result of metastasis.7 The biologic pro-
cess of metastasis is poorly understood. Numerous clinical 
and laboratory studies have attempted to define the complex 
process of metastasis formation. The process relies on prop-
erties of the tumors cells, as well as the microenvironment of 
the primary and secondary sites.8,9 A series of major events 
must occur (Figure 47-1).

The first step is tumorigenesis, which occurs after the ini-
tial malignant transformation. The tumor proliferates into a 
small mass of heterogeneous cells that are of varying meta-
static or malignant potential. These tumor cells undergo mul-
tiple and sequential genetic changes, characterized by the 
appearance of oncogenes and a decrease in tumor suppressor 
genes. As the tumor grows beyond 1 mm in diameter and 
becomes relatively hypoxic, angiogenesis is initiated. The 
process of tumor angiogenesis is tightly regulated by pro- 
and anti-angiogenic factors secreted by both the tumor and 
its environment. As tumors successfully grow, suppressors 
of angiogenesis are inhibited and pro-angiogenic factors pre-
dominate, resulting in neovascularity and further growth of 
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the tumor.10 Some tumors may grow by utilizing other exist-
ing blood vessels in nearby tissues.

In the next step, some cells will develop an invasive  
phenotype. Most researchers believe that there is a selection 
process resulting in the clonal expansion of certain cell sub-
populations with growth advantages and invasive properties. 
Whether this process represents a property of the whole 
tumor cell mass or true clonal selection of more invasive cell 
sub-populations is not known, and it is a subject of intense 
research.11 Malignant invasion is characterized by down-
regulation of cell adhesion, resulting in detachment of the cell 
from the primary tumor mass and the extracellular matrix. 
Stromal invasion is accomplished through interactions with 
the basement membrane, including adhesion, proteolysis, 
and migration, ultimately resulting in detachment and inva-
sion through the basement membrane. This invasive pheno-
type also enables these cells to enter thin-walled lymphatics 
and vasculature, allowing access to systemic circulation.12,13

Once inside the vascular system, cells or cell clumps 
(emboli) are circulated, and must survive hemodynamic 
filtering as well as immune surveillance. They must then 
arrest in a distant organ. There is likely a complex inter-

action between the malignant cell and the endothelium or 
exposed basement membrane, allowing cell arrest. Once 
arrested in a tissue bed, the cells extravasate into the tissue, 
enabling formation of a metastatic focus. These metastatic 
cells can become dormant or proliferate; what determines 
this fate is not fully understood. Growth in the distant organ 
after deposition is a major limiting factor in the formation 
of metastasis. Some metastatic cells can remain dormant 
while others proliferate, and must again go through tumori-
genesis, angiogenesis, and evasion of the immune system. 
This complex multistep process of metastasis formation is 
related to multiple genetic changes among malignant cells. 
Recent studies have shown differences in the genetic fin-
gerprints of matched primary tumors and their lymph node 
metastasis suggesting that tumors may undergo continual 
mutagenesis. The metastatic tumor cells may genetically 
look very different from its parent primary tumor cells.14 
This finding appears to confirm that there are genes specific 
to tumorigenesis, invasion, angiogenesis and other steps.  
A number of genes have been identified that suppress meta-
static potential and, by their down-regulation, affect a cell’s 
ability to metastasize without affecting tumorigenicity.14 

Figure 47-1. Schematic illustrating the multistep process involved in the development of metastasis. (With permission from DeVita VT 
Jr., Hellman S, Rosenberg SA. Cancer: Principles and Practice of Oncology, 6th ed., Lippincott Williams and Wilkins, copyright 2001).
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These discoveries provide a sense of the future challenge 
in elucidating the multiple, step-wise and specific changes 
that regulate a cell’s ability to metastasize. Advances in this 
field will have obvious and profound implications for the 
treatment of cancer.

Diagnosis/Staging

Initial staging evaluation should include colonoscopy with 
biopsy, and imaging of the primary tumor, liver, and lungs. 
When feasible, endorectal ultrasound or MRI is recom-
mended for rectal cancers to document the initial T and N 
stage. Spiral CT scanning of the chest/abdomen/pelvis is a 
highly accurate and efficient method of detecting metastases. 
PET scanning detects occult disease not seen on CT scan in 
20% of stage IV patients and should be considered if such 
findings might affect patient management.15 Increasingly, 
more patients are undergoing combination CT/PET scans 
to evaluate both the primary and metastatic lesions as this 
combined modality allows for better localization of tumor 
deposits and can assist with operative planning as well as 
radiation-based therapy.16

Once the extent of disease workup is complete and distant 
metastases have been documented, the surgeon must make 
three important judgments. First is whether the patient is fit 
for aggressive treatment. Patients with poor performance 
status or serious co-morbidities may not tolerate chemo-
therapy or major surgery. Second is whether the primary 
tumor presents a clinically significant risk of bowel obstruc-
tion. Symptoms, radiographic findings, and endoscopic find-
ings are important considerations. If the proximal colon is 
not dilated on radiographic studies and a colonoscope can 
traverse the tumor, it is generally safe to begin treatment 
with chemotherapy. The third determination is whether the 
patient’s metastases are surgically resectable, and the patient 
can be treated with curative intent. If complete resection of 
all disease can be expected, then surgical intervention should 
be attempted.

Multidisciplinary Evaluation

Management of patients with advanced disease is complex, 
and multidisciplinary evaluation can be helpful in determin-
ing initial therapy. The multidisciplinary team or “tumor 
board” ideally involves a surgeon, medical oncologist, 
radiation oncologist, pathologist, radiologist, and gastroen-
terologist. As treatment plans become increasingly complex 
and we enter an era of targeted therapies for specific gene 
mutations, patients are best served in a center where the 
goals, priorities, and expected course of treatment, as well as 
opportunities for enrollment into clinical trials are reviewed 
and vetted through a multidisciplinary group of experts.

Palliative Management of the Primary 
Cancer: Laser, Fulguration, and Stents

Incidence and Presentation

Approximately 8–29% of patients with colorectal cancer ini-
tially present with symptoms of partial or complete bowel 
obstruction.17 In a review of 713 obstructing carcinomas, 
77% were left-sided and 23% were right-sided cases.18 The 
majority of patients with obstructing colorectal carcinomas 
have either stage III or stage IV disease.19 Acute malignant 
colon or rectal obstruction is an indication for emergent sur-
gical intervention. However, these emergency operations are 
associated with a mortality rate of 15–34% and a morbidity 
rate of 32–64% despite advances in perioperative care.19,20 
Therefore, alternative palliative endoluminal strategies 
aimed at relieving obstruction have gained increasing popu-
larity over the past decades.

The initial symptoms of bowel obstruction include mild 
discomfort and a change in bowel habits. With disease pro-
gression and luminal narrowing, the symptoms may worsen 
ranging from crampy abdominal pain, abdominal distension, 
nausea, abdominal tenderness, and obstipation. Vomiting is 
a late symptom unless there is an associated small bowel 
obstruction. Leukocytosis is a concerning finding and may 
indicate a near or complete obstruction. Without treatment, 
the process can progress to complete obstruction, ischemia, 
and perforation. The risk of cecal perforation is greatest in 
patients who have a competent ileocecal valve which does 
not allow decompression of the large intestine into the proxi-
mal small intestine.

In the setting of metastatic cancer, the clinician must first 
answer the following critical question, “is the colon or rec-
tal obstruction a contraindication for systemic chemother-
apy or radiotherapy?” The degree of obstructive symptoms, 
endoscopic, and radiographic findings are key elements to 
consider when answering this question. If the patient has 
minimal symptoms, the cancer can be traversed endoscopi-
cally, and there is no radiographic evidence of high grade 
obstruction, many patients with partially obstructing colon 
and rectal cancers will tolerate aggressive chemotherapy.  
In those patients with partially obstructing rectal cancers, 
the addition of radiation therapy is also well tolerated and 
can be highly effective. Patients must be instructed to moni-
tor their symptoms closely, and to report any signs of wors-
ening obstruction immediately. A liquid diet or pureed diet 
with adequate protein and calorie intake taken in small por-
tions may help reduce obstructive symptoms. For patients 
with advanced obstruction, nonsurgical palliative options 
include laser therapy, fulguration, and colonic self-expand-
ing metal stents. If less invasive endoluminal strategies are 
not successful in patients with nonresectable malignant 
obstruction of the colon and rectum, surgical creation of 
a palliative proximal diverting stoma or intestinal bypass 
should be performed.
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Laser Therapy and Fulguration

Laser therapy has been utilized for palliation of obstruct-
ing rectal cancers.21–24 In a large series of 272 patients who 
underwent palliative laser therapy for rectosigmoid cancers, 
the immediate success rate in treating obstructive symptoms 
was 85%.25 Other studies have shown similar success rates, 
in the range of 80–90%.23,24 However, laser therapy is practi-
cal only for treating cancers of the distal colon and rectum and 
is rarely used to treat proximal lesions. In addition, mul-
tiple sessions are often required in order to achieve lasting 
relief of symptoms. Serious complications like bleeding, 
perforation, and severe pain have been reported in 5–15% 
of patients, especially those undergoing multiple treatment 
sessions.22,24–26

Surgical fulguration of rectal cancers is another method 
of opening the rectal lumen and relieving obstruction.27,28 
Fulguration, in combination with endoluminal debulking, 
can remove a large volume of tumor. However, unlike laser 
therapy, fulguration and debulking requires hospital admis-
sion and regional or general anesthesia.

Self-Expanding Metal Stents

Since their introduction in 1991, colonic stents have 
become an effective method of palliation for obstruction 
in colorectal cancer patients, especially those with unre-
sectable metastatic disease. These self-expanding metal-
lic stents can potentially dilate the lumen to a near-normal 
diameter, providing quick relief of symptoms. Stents can 
be placed in patients using minimal sedation and allow 
endoscopic assessment of the proximal colon. Moreover, 
these stents can be placed across relatively long lesions by 
overlapping stents in a “stent-within-stent” fashion. Laser 
therapy has also been used in certain situations, in con-
junction with colonic stents, to recanalize and decompress 
large bowel.

A systematic review from 1990 to 2000 of the published 
data on stenting of colorectal obstruction included 29 case 
series in the analysis.29 The review evaluated technical and 
clinical success, complications, and reobstruction. Cases 
involving stent placement for palliation and stent place-
ment as a “bridge to surgery” were both assessed. Stent 
insertion was attempted in 598 cases. Stent deployment 
was technically feasible in 551 (92%) cases and clinically 
successful in relieving obstruction in 525 (88%) cases. Pal-
liation of obstruction was achieved in 302 (90%) of 336 
cases. Stent placement as a “bridge to surgery” was suc-
cessful in 223 (88%) of 262 insertions of which 95% had 
a one-stage surgical procedure. There were three deaths 
(1%). Perforation occurred in 22 cases (4%). Stent migra-
tion was reported in 54 (1%) of the 551 technically success-
ful cases. Stent reobstruction occurred in 52 (10%) of the 
525 clinically successful cases and trended toward a higher 
incidence of reobstruction in the palliative treatment group. 

The reviewers concluded that “stent usage can avoid the 
need for a stoma and is associated with low rates of mor-
tality and morbidity.”29 A series of 52 patients with malig-
nant obstruction secondary to either primary or recurrent 
colon or rectal carcinoma, who underwent stent placement 
by colorectal surgeons reported that 50 out of 52 were suc-
cessfully palliated.30 One patient had a perforation, and in 
another patient obstruction was not relieved because of mul-
tiple sites of obstruction. The overall complication rate in 
this series was 25%. Stent migration was the most common 
complication (15%), followed by reobstruction secondary to 
tumor ingrowth (4%), perforation (2%), colovesical fistula 
(2%), and severe tenesmus (2%). Surgical intervention was 
required in 17% of cases due primarily to one of the above 
complications or recurrent obstruction.

A large series of 102 colorectal stents placed over a 
5-year period predominantly for palliative intent reported 
success in 87 patients (85%).31 The procedure was per-
formed as a palliative procedure in 90 of these patients. 
Stent placement location was primarily in the rectum, rec-
tosigmoid, and sigmoid colon (n = 75). The location of the 
remaining stents were descending colon (n = 15), splenic 
flexure (n = 3), and transverse colon (n = 3). Perforation 
occurred in four patients. Late complications occurred in 
9%, and included five stent migrations, two blocked stents, 
and one colovesical fistula. Ninety percent (n = 76) of the 
successful cases needed no further radiological or surgical 
intervention.31

There is limited data evaluating stent placement proximal 
to the splenic flexure. In a recent publication, colonic stent-
ing was attempted in 97 patients with malignant large-bowel 
obstruction.32 Sixteen (17%) patients had lesions proximal 
to the splenic flexure (eight ascending, eight transverse 
colon). Stenting was successful in relieving obstruction 
in 14 (88%) of these patients. Stenting was performed 
for definitive palliation in nine of these patients, and as a 
bridge to elective surgery in the other seven patients. One 
patient developed gastrointestinal bleeding that was man-
aged conservatively. No perforations or stent migrations 
were reported.32

Complications reported in the literature for colonic and 
rectal stents include stent malpositioning, stent migra-
tion, tumor ingrowth (through the stent interstices), tumor 
overgrowth (beyond the ends of a stent), perforation, stool 
impaction, bleeding, tenesmus, and postprocedure pain. 
Stenting of cancers in the mid to low rectum may result in 
urgency, pain, and incontinence. While the complications 
associated with stents and other less invasive endolumi-
nal strategies should not be taken lightly, one must keep in 
mind that emergency operations for malignant colon and 
rectal obstruction have a mortality rate of 15–34% and a 
morbidity rate of 32–64%. As more experience is gained, 
these endoluminal palliative strategies provide increasingly 
effective and durable relief for patients with malignant 
obstruction.
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Surgical Management of the Primary  
Cancer: To Resect or Not to Resect?

The role of surgical resection of the primary colon or rectal 
cancer in patients with unresectable metastases is controver-
sial. It is important to recognize that there are no randomized 
controlled trials demonstrating a survival benefit for bowel 
resection in stage IV patients. However, palliative resection 
of the primary tumor does provide durable local control, 
is generally well tolerated, and can benefit select stage IV 
patients.33 Randomized trials of 5FU-based chemotherapy 
vs. best supportive care, conducted in the 1990s, have shown 
that stage IV patients receiving systemic chemotherapy have 
increased length and quality of life.34 Moreover, with mod-
ern multidrug regimens and monoclonal antibody therapy 
options, the beneficial impact of chemotherapy continues 
to increase. At this time, standard management for patients 
with unresectable metastatic colorectal cancer is systemic 
chemotherapy.

The proper use of elective colon and rectal resections 
in nonobstructed patients is a source of continuing debate. 
Loss of performance status, risk of surgical complications, 
and delay in chemotherapy are potential downsides to pal-
liative surgical resection. On the other hand, elective opera-
tions have a far lower morbidity than emergency surgery. In 
addition, there are increased risks and potential complica-
tions associated with operations performed on patients who 
develop large-bowel obstruction while receiving chemother-
apy or who present with more advanced disease after mul-
tiple cycles of ineffective chemotherapy.

Table 47-1 lists six retrospective studies comparing opera-
tive and nonoperative management of the primary cancer 
in patients with stage IV colon and rectal cancer.34–38 The 
data is predominantly from the 1990s, when 5-flourouracil-
based chemotherapy was the standard systemic therapy. In 
all of these studies, the majority of patients were treated by 
initial resection of the primary cancer. Patients who did not 
undergo surgical resection were more likely to have rectal 
cancers, to have more extensive metastatic disease, and to be 
older. The operative mortality for patients undergoing initial 
bowel resection ranged from 1.6 to 11%. Patients who did 
not undergo bowel resection underwent a subsequent col-
orectal operation in 9.3–32% of cases, although the indica-
tions for subsequent operation were often not specified and 
“colorectal operation” included palliative stoma creation and 
intestinal bypass. From these limited data, it is clear that ini-
tial colon resection is frequently practiced, particularly for 
patients with colon primaries and with less extensive meta-
static disease. However, it is difficult to assess the impact of 
colon and rectal resection on symptom control, tolerance to 
subsequent chemotherapy, quality of life, or survival from 
these studies.

A recent meta-analysis evaluating patients with stage IV 
colorectal cancer treated with chemotherapy combined with  
and without surgical resection revealed prolonged survival 
in patients undergoing palliative surgical resection and 
chemotherapy when compared to chemotherapy alone.39 
Chemo therapy regimens included 5-flourouracil, oxalipla-
tin, and irinotecan. Eight retrospective studies with a sum 
total of 1,062 patients met the inclusion criteria for this 
study. The median survival for palliative surgical resection 

Table 47-1. Retrospective analysis of bowel resection for patients with unresectable stage IV colorectal cancer: 5-flourouracil-based 
chemotherapy

Study
Publication 

year
Surgical 
group n Group features

Operative  
mortality (%)

Subsequent colon 
surgery (%)

Median surveillance 
(months)

Cleveland Clinic 37 1997 Resection 57 Colon cancer 11 – 10.6
No resection 5 Colon cancer – NR  2

Vanderbilt 36 1999 Resection 66 Proximal cancers 4.6 – 14.5
No resection 23 Rectal cancers – 9 16.6

MSKCC 35 2003 Resection 127 Proximal cancers  
fewer metastases

1.6 – 16

103 Rectal cancers more  
metastases

– 29  9

Medicare 163 2004 Resection 6,469 Proximal cancers  
younger age

9 10

No resection 2,542 Rectal cancers 32  3
SEER 34 2005 Resectiona 17,658 Proximal cancers  

younger age
NR Colon 11, rectum 16

No resection 9,096 Rectal primary  
older age

NR Colon 2, rectum 6

Harbor UCLA/UCI 38 2006 Resection 62 NR 4.8 – 12.5 b

No resection 47 NR – 36  4.6 b

NR not reported.
a Resection group includes both initial and delayed bowel resection.
b Significant difference in median survival (p < 0.0001).
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combined with chemotherapy ranged from 14 to 22 months 
(data extracted from studies with 100% patient participation 
in systemic chemotherapy). The median survival for chemo-
therapy alone was 6–15 months. The estimated standardized 
median difference in survival was 6.0 months in favor of palli-
ative surgical resection (standardized difference 0.55; 95% CI 
0.29, 0.82; p < 0.001). In addition, patients managed with che-
motherapy alone were more likely to experience a complica-
tion related to the primary tumor (95% CI 1.7, 34.4; p = 0.008). 
There was no difference in the incidence of metastatic dis-
ease tumor burden becoming more favorable and amenable to 
curative resection after systemic chemotherapy in either group 
(0.85; 95% CI 0.40, 1.8; p = 0.662). There are obvious limita-
tions of this meta-analysis given the retrospective nature of 
the studies available for review as well as the chemotherapy 
regimens utilized in these studies not being equivalent to cur-
rent regimens. The group acknowledged these limitations and 
concluded that palliative resection of the primary tumor in 
asymptomatic or minimally symptomatic patients with stage 

IV colorectal cancer is associated with prolonged survival. In 
addition, palliative resection of the primary tumor is associated 
with a reduced incidence of complications from the  primary 
tumor and the need for emergency procedures.39

There is little published data evaluating the effectiveness 
of radiotherapy in palliative management of stage IV rec-
tal cancer. Crane and colleagues reported 55 patients who 
received chemoradiotherapy and 25 patients who received 
chemoradiotherapy followed by surgery. The majority of 
both groups received systemic therapy (78% of patients).40 
Pelvic symptom control was high (81%) in the chemoradio-
therapy group but not as high as in the chemoradiotherapy 
combined with surgical resection group (91%). There was 
limited data on the durability of symptom control over time.

To summarize the treatment options for stage IV patients 
with unresectable metastases, treatment algorithms are 
shown for patients with stage IV colon cancer (Figure 47-2) 
and stage IV rectal cancer (Figure 47-3). The algorithms 
show multiple treatment options, reflecting the  heterogeneity 

Figure 47-2. Treatment algorithm for patients with stage IV colon cancer: use of palliative colon resection.

Figure 47-3. Treatment algorithm for patients with stage IV rectal cancer: use of palliative rectal resection.
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of disease presentation. The major variables to consider are 
location of the primary tumor, degree of colon and/or rec-
tal obstruction, extent of metastatic disease, and fitness of 
the patient for surgery. For patients with nonobstructing pri-
mary tumors, initial treatment with systemic chemotherapy 
is favored because, in this era of increasingly effective che-
motherapy, it is important that patients be given the full ben-
efit of aggressive systemic therapy. However, it should be 
remembered that the goal of therapy is effective palliation, 
and surgical resection remains the most effective and durable 
local treatment option.

Liver Metastasis

Of the 150,000 new cases of primary colorectal cancer diag-
nosed in the USA each year, approximately 60% of these 
patients will develop liver metastases and about one-third 
will have disease limited to the liver.1 Liver resection and 
tumor ablation are currently the only available curative treat-
ments for metastatic colorectal cancer with 5-year survival 
ranging from 28 to 45%.41 Overall, it is been estimated that 
about 10% of all patients with colorectal liver metastases are 
candidates for potentially curative hepatic surgery.42 Of those 
able to undergo complete hepatic resection, 25–35% achieve 
long-term survival.43 The remaining majority of patients 
receive palliative therapy. This underscores the importance 
of patient selection in determining optimal treatment. These 
statistics also highlight the fact that the majority of patients 
with liver metastases have unresectable disease and require 
evaluation for chemotherapy or supportive care. It should be 
noted, however, that with improvements in chemotherapy, 
surgical technique, and ablative techniques, the number of 
patients eligible for hepatic surgery is on the rise.44,45

Natural History of Untreated Liver Metastases

In order to understand the impact of any therapy on out-
come for patients with hepatic colorectal metastases, the 
natural history of untreated disease must be reviewed. This 
is especially relevant in understanding the impact of surgery 
for hepatic metastases, as there has never been a random-
ized trial comparing any therapy to surgery (nor is there ever 
likely to be). Prior to the 1980s, most hepatic metastases 
were left untreated. Several investigators have retrospec-
tively studied untreated patients, documenting median sur-
vivals of 5–10 months; long-term survival was rarely seen.46 
The majority of these patients, however, had extensive dis-
ease, and most had their primary tumor in place, making 
comparison to modern surgical series irrelevant. Nonethe-
less, some investigators retrospectively identified patients 
with isolated, potentially resectable hepatic metastases who 
were left untreated. In these patients with limited metastases 
isolated to the liver, who would otherwise be potential can-
didates for surgery, 3-year survival was 14–23% and 5-year 

survival was 2–8%.46–48 While these studies were instrumen-
tal in demonstrating the relationship between bulk of disease 
and survival, they also clearly showed that, even in the best 
of circumstances, 5-year survival of patients with untreated 
liver metastases is distinctly uncommon.

Diagnosis

Once a diagnosis of colorectal cancer is made a careful evalu-
ation is made to accurately stage the patient with appropriate 
imaging. Complete cross-sectional imaging of the abdomen 
and pelvis with triple phase CT and or MRI is essential to 
rule out extrahepatic disease. The additional advantage of 
routine chest CT is low compared to that of a plain chest 
X-ray but should be considered in high-risk cases.49, 18 F-FDG 
positron emission tomography (PET) scanning is routinely 
performed because of early prospective data documenting its 
utility. The information obtained from PET scanning changes 
management decisions in patients with recurrent colorectal 
carcinoma 20–50% of the time. The major strength of PET 
scanning appears to be the detection of occult extrahepatic 
disease.18 In many centers, the combination of PET/CT 
imaging allows for operative planning and accurate tumor 
localization. Once the issue of extrahepatic disease has been 
addressed, high-quality imaging of the liver is essential in 
determining bulk of disease and resectability. CT scans are 
the most common modality used to address liver disease 
and, with modern dynamic helical scanning techniques, this 
remains the mainstay of hepatic imaging. Routine CT scans 
can now evaluate the liver in combination with CT angiogra-
phy or triphasic imaging of the parenchyma through various 
phases of intravenous contrast circulation.

Ultrasound and magnetic resonance imaging (MRI) are 
additional imaging techniques that can be useful in specific 
circumstances. Ultrasound is not an accurate method for 
addressing extrahepatic disease and, indeed, often cannot visu-
alize the entire liver. However, in experienced hands ultrasound 
is excellent at distinguishing neoplastic tumors from benign 
lesions such as cysts, focal nodular hyperplasia or heman-
giomata. Additionally, ultrasound can specifically evaluate the 
relationship of specific lesions to major vascular structures and 
the biliary tree. It can be of particular utility when performing 
intraoperative ablative procedures. MRI is an excellent method 
for characterizing liver lesions. Particularly if there are multi-
ple hepatic lesions, not all of which are suspected to be meta-
static tumors, MRI can help distinguish malignant lesions from 
cysts, hemangiomata, and other benign lesions. MRI is also an 
excellent modality for evaluating relationships of tumor to the 
biliary tree (via magnetic resonance cholangiopancreatogra-
phy – MRCP) and to hepatic vasculature. High-quality MRI 
and triple phase CT are probably equivalent for evaluating 
extent of liver disease, and as aids in surgical planning.50–52 
In any patient being considered for hepatic resection, a com-
plete medical workup should be performed to assess the 
patient’s fitness for undergoing a major abdominal operation. 
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Any potential for liver dysfunction, such as alcohol abuse or 
chronic hepatitis, must be carefully evaluated.

Treatment Options

In the patient who presents with liver metastases, the first 
consideration must be whether the liver disease is curable. 
The second consideration is whether the patient’s disease 
if initially unresectable can be made amenable to sur-
gery or ablative procedures with the addition of systemic 
 chemotherapy.

Chemotherapy

Until recently, chemotherapy was considered largely ineffec-
tive as treatment of unresectable metastatic colorectal cancer. 
However, with the development of irinotecan, oxaliplatin, 
hepatic arterial infusional chemotherapy with FUDR, and 
newer molecular-based therapies, there are now more effec-
tive chemotherapeutic options for these patients. For nearly 
50 years, 5-fluoruracil (5FU) was the only effective chemo-
therapeutic regimen for metastatic colorectal cancer. Despite 
many attempts to modify 5FU with other agents, response 
rates generally ranged from 15 to 20%, and survival beyond 
1 year was uncommon. The addition of leucovorin (5FU/LV) 
and the use of infusional dosing techniques are associated 
with an increased response rate, and are commonly utilized 
despite no improvement in survival.53,54

Irinotecan (CPT-11) in conjunction with 5FU/LV has 
been recently shown to be more effective than 5FU/LV 
alone for treatment of metastatic colorectal cancer. Two 
randomized trials established the superiority of single-agent 
irinotecan over 5FU/LV alone or best supportive care as 
second-line therapy.55,56 Additionally, two randomized tri-
als utilizing combined irinotecan/5FU/LV (FOLFIRI) as 
first-line chemotherapy have shown response rates of 40%, 
with modestly improved survival (median 15–17 months 
vs. 12–14 months).57,58 The addition of oxaliplatin has been 
particularly exciting because of the in vitro sensitivity seen 
in cisplatin-resistant cell lines, as well as its synergy with 
5FU.58,59 In a trial comparing oxaliplatin/5FU/LV (FOLFOX) 
to 5FU/LV, response rates for FOLFOX were in excess of 
50% (compared to 22% for 5FU/LV). There was no differ-
ence in survival, but this is likely due to a 37% crossover 
from 5FU/LV to FOLFOX during the trial.60 Early analyses 
of comparisons of irinotecan/5FU/LV to FOLFOX have so 
far shown FOLFOX to yield superior response rates.61 Ongo-
ing trials continue to define optimal timing, dosing, and 
sequence of various combination regimens.

Biomarker Targeted Therapy

Monoclonal antibodies that target epidermal growth factor 
receptor (EGFR) have increased the treatment options for 
patients with metastatic colorectal cancer. The detection of 
positive EGFR immunostaining of the primary tumor is not 

a reliable predictor of response to therapy and as a result 
biomarker assays for Kras mutation are used to determine 
potential response to treatment.62 Epidermal growth factor 
receptor is a member of the tyrosine kinase family and its 
activation stimulates many cancer-related processes such 
as proliferation, angiogenesis, invasion, and metastasis.62 
Overexpression of EGFR is found in a number of tumor 
types and in most cases is associated with poorer outcomes.63 
Several studies have found an association between a Kras 
mutation and a lack of response to EGFR-directed therapy. 
The importance of defining the KRAS status of the primary 
tumor has provided oncologists with important information 
about response to treatment. Early results from studies on 
patients with metastatic colorectal cancer show that the addi-
tion of cetuximab to FOLFIRI, improved overall survival 
(OS) by 3.5 months in KRAS wild-type patients. The response 
rate was 57.3% for the addition of cetuximab compared with 
39.7%. As these trials mature, and modern systemic chemo-
therapy regimens are refined, we are now seeing median sur-
vivals in excess of 20 months.59,62 More recent data from the 
CAIRO (capecitabine, irinotecan, and oxaliplatin)-2 study 
found the addition of an EGFR inhibitor had no effect on 
progression-free interval among those with wild-type Kras 
expression but was deleterious to those patients whose had 
Kras mutations in the tumor.64 Similar data has been shown 
with the BRAF mutation as well.65 Interestingly, it has been 
shown that the multikinase inhibitor sorafenib may restore 
sensitivity to EGFR inhibitors in BRAF-mutated colorec-
tal cancer cell line.65,66 As a result, studies are underway to 
determine the significance of this in human trials. As the 
understanding of molecular pathways in colorectal cancer 
continue to be elucidated, parallel developments are occur-
ring in the fields of drug discovery and biomarker assay.

Hepatic Arterial Infusion

Regional hepatic therapy via hepatic artery infusional che-
motherapy (HAI) has been studied since the 1970s. Hepatic 
metastases derive their blood supply largely from the hepatic 
arterial branches compared with mixed arterial and portal 
blood supply of the surrounding parenchyma.41,67 This has 
an advantage over systemically delivered chemotherapy as 
the drugs used in HAI have a higher therapeutic index due 
to high first-pass hepatic extraction and high systemic clear-
ance. Conversely, when regional therapy is given in the form 
of HAI, less is delivered to the systemic blood supply and 
therefore fewer systemic side effects are experienced. The 
most commonly used agent for HAI is fluorodeoxyuridine 
(FUDR), which has a 90% hepatic extraction ratio, while this 
is beneficial for isolated hepatic disease it limits treatment of 
occult extrahepatic disease. This can be addressed by giving 
additional systemic agents, or by using 5FU via the hepatic 
artery with a higher “spill-over” effect into the systemic cir-
culation.

Early phase II trials of HAI FUDR or 5FU for unresect-
able colorectal hepatic metastases demonstrated remarkable 
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response rates ranging from 29 to 88%.68–71 Subsequently 10 
randomized phase III trials comparing HAI chemotherapy to 
systemic chemotherapy have been completed (Table 47-2). 
From 1987 through 1990, five trials were done comparing 
HAI FUDR to intravenous FUDR or intravenous 5FU/LV. 
All of these trials showed significantly increased response 
rates, but only trials comparing HAI chemotherapy to best 
supportive care showed improved survival. Most of these tri-
als were underpowered and most allowed crossover, making 
conclusions about survival difficult. Two meta-analyses of 
the first seven trials have been performed on the assump-
tion that each was underpowered, in an attempt to detect sig-
nificant survival differences.72,73 Both clearly confirmed the 
increased response rates, and both showed a modest survival 
benefit. A CALGB trial comparing HAI FUDR to systemic 
5FU/LV without crossover found response rates to be sig-
nificantly higher with HAI FUDR (48% vs. 25%), as was 
overall survival (22.7 months vs. 19.8 months).74 Finally, 
a meta-analysis of FUDR-HAI vs. systemic chemotherapy 
for unresectable liver metastases from colorectal cancer that 
included results from ten RCT has shown a greater tumor 
response rate with FUDR-HAI when compared with sys-
temic therapy; however, this did not translate to a survival 
advantage over 5FU-based systemic therapy.75

One explanation for the lack of survival advantage is 
while control of hepatic disease was excellent with HAI, 

there was significant extrahepatic failure. FUDR while 
an effective agent for treating liver metastases can have 
liver-related complications including biliary sclerosis  
(18–29%).41 Finally, the placement of the HAI catheter is 
an invasive procedure and technical complications includ-
ing primary catheter failure, catheter-related thrombosis, 
and infection.41

Currently, with the explosion of new active systemic 
agents, a new paradigm has developed in the treatment of 
hepatic colorectal metastases. Many phase I and II trials 
are now evaluating combinations of HAI FUDR or oxali-
platin with systemically administrated 5FU/LV with iri-
notecan and/or oxaliplatin. Even in pre-treated patients, 
impressive response rates in excess of 80% are being 
seen.72 The combination of HAI and systemic 5FU/LV 
has further improved transformation rates of previously 
isolated unresectable colorectal liver mets into resect-
able lesions in as many as 26% of cases.41 While recent 
advances in cytotoxic chemotherapy for colorectal cancer 
over the last decade have been very exciting, the devel-
opment of targeted molecular-based therapy provides 
even greater hope for more effective systemic treatments. 
Results of current clinical trials are anxiously awaited to 
see where these molecular-based targeted therapies will 
ultimately fit in among the armamentarium of systemic 
therapy for colorectal cancer.

Table 47-2. 2010 Meta-analysis of survival of patients with stage IV colorectal cancer managed with surgical resection vs. chemotherapy 
alone

Study

Tumor burden

PS 0–1 (%)
Received  

chemotherapy (%)
Median survival  

(months)% Right sided
>25% Liver  
involvement % Extrahepatic

A. Palliative surgical resection and chemotherapy39

Scoggins et al. 47 32 15 –   0 15
Michel et al.   90 a   36 b 58 81  97 21
Ruo et al. 46 41 44 –   0    16*
Tebbutt et al.   67 a – 20 80 100 14
Benoist et al. 28 84  6    41 c  94 23
Kaufman et al. – – – – 100 22
Galizia et al. 29 62 10 74 100    15*
Bajwa et al. 47 –  0 67 100    14*

B. Palliative chemotherapy alone39

Scoggins et al. 26 40 39 –  96 17
Michel et al.    65 a    39 b 13 91 100 14
Ruo et al. 28 55 59   –  83   9*
Tebbutt et al.    54 a   – 13 62 100  8
Benoist et al. 33 89  7    30 c 100 22
Kaufman et al.   –   – – – 100 15
Galizia et al. 26 61  0 74 100  12*
Bajwa et al. 29   –  0 34 100   6*

Data from Table 34-2.39

*  £ 0.005.
a % Colon.
b 5 or more liver metastases.
c % WHO performance status score of 0.
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Resection

As described above, it is clear that patients with untreated 
hepatic colorectal metastases have poor survival. Although 
response rates to chemotherapeutic regimens are improving, 
the only therapy ever shown to be potentially curative for 
hepatic colorectal metastases is complete resection. Tradi-
tional principles that govern surgical intervention reserved 
hepatic resection of colorectal metastases for those would 
had unilobar disease, less than four lesions, lesions that were 
less than 5 cm in greatest dimension and those without extra-
hepatic disease.66 However, in modern times with the addi-
tion of more effective systemic therapies, ablative techniques 
and treatment modalities aimed at “downstaging” the liver 
disease, more patients can be made amenable to resection. 
Mortality rates for hepatectomy for metastatic colorectal 
cancer are uniformly 5% or less (Table 47-3). Nonetheless, 
morbidity for these operations remains substantial and is 
usually reported between 20 and 50%. Fortunately, this mor-
bidity does not generally translate into long hospital stays, 
intensive care unit stays, long-term disability, or early mor-
tality. The most ominous complications, such as liver failure 
and significant hemorrhage, are now distinctly uncommon, 
thanks to better surgical technique and postoperative care. 
A recent review of more than 1,800 liver resections (57% 
of a lobe or greater) over the last decade, the median hospi-
tal stay was 8 days, morbidity was 45% and mortality was 
3%. Furthermore, of the 1,245 hepatectomies performed for 
metastatic disease, mortality was 2.4%.76

Major institutional and multi-institutional reviews have 
now clearly documented the 5-year survival of patients 
undergoing hepatectomy for metastatic colorectal cancer 
ranges from 25 to 40%, 10-year survival ranges from 20 
to 26%, and median survivals range from 24 to 46 months 

(Table 47-3). These results obviously compare favorably to 
the results of no treatment (median survival 5–10 months) and 
to those of chemotherapy (median survival 10–14 months). 
Despite recent improvements in chemotherapy resulting in 
median survivals as high as 20 months, complete resection 
still provides the best outcomes. True long-term cure from 
chemotherapy is extraordinarily rare, while at least half of 
the long-term survivors after liver resection are disease-free 
and presumably cured.77 For these reasons, no trial has ever 
compared hepatectomy to no treatment or chemotherapy 
alone. Liver resection for resectable hepatic colorectal 
metastases is the treatment of choice.

Patient Selection

Many studies of patients undergoing liver resection for 
isolated hepatic metastases have evaluated prognostic fac-
tors to help select those patients most likely to benefit from 
hepatectomy and, conversely, to identify those unlikely to 
benefit. The two most consistent negative prognostic fac-
tors are the presence of extrahepatic disease and the inability 
to resect all tumor; these two factors remain contraindica-
tions to hepatectomy. The exception to this rule is the patient 
with limited pulmonary metastases or colonic anastomotic 
recurrence, who may undergo combined resections with some 
success.42 Although there are many inconsistencies in the 
major reported series, a list of other poor prognostic factors 
exist; these include lymph nodes involved by the primary 
colorectal tumor, synchronous presentation (or shorter  
disease-free interval), larger number of tumors, bilobar 
involvement, CEA elevation greater than 200 ng/ml, and 
involved histologic margins.78–82 While it appears to be true 
that the stage of the primary tumor, the interval in which 
metastatic disease has developed, and the bulk of tumor in 
the liver (measured by size, number, and/or CEA level) can 
provide prognostic information on outcome after hepatec-
tomy, none of these findings in and of themselves preclude 
the potential for long-term survival. Fong et al. conducted 
a multivariate analysis of 1,001 patients who underwent 
potentially curative hepatectomy, and identified five factors 
as having the most influence on outcome.83,84 These included 
size greater than 5 cm, disease-free interval of less than 
1 year, more than one tumor, lymph node-positive primary, 
and CEA greater than 200 ng/ml (Table 47-3). A clinical risk 
score (CRS) was created using regression analysis may be 
used preoperatively as a prognostic indicator of long-term 
outcome and hence aid in patient selection.

Margin Status

The importance of obtaining negative margins with hepate-
ctomy has been demonstrated in multiple studies showing 
improved disease-free and overall survival. By comparison 
a recent study demonstrated a survival benefit of 46 months 
for those patients who underwent resection with negative 

Table 47-3. Outcome of patients undergoing pulmonary metasta-
sectomy for colorectal cancer

Study n
Operative  

mortality (%)
5-yr  

survival (%)
Significant  
risk factors

Mori et al.164  35 – 38 None found
McCormack et al.165 144 0 44 Margin
McAfee et al.97 139 1 31 Number of  

lesions, CEA
Yano et al.166  27 – 41 Number of lesions
Saclarides et al.167  23 – 16 Number of lesions
van Halteren et al.168  38 – 43 DFI
Shirouzu et al.169  22 – 37 Number of lesions,  

size
Girard et al.170  86 1 24 CEA, margin
Okumura et al.171 159 2 41 Number of lesions,  

LN status
Zanella et al.172  22 0 62 None found
Zink173 110 0 33 Size, CEA
Dahabre et al.95  52 – 33 None found

n number of patients, yr year, LN lymph nodes, DFI disease-free interval.

Source: Adapted from Rizk et al.100
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margins vs. 24 months for those with positive margins.85 
Wide resection margins with >1 cm clearance is desirable; 
however, a consensus statement from the Society of Surgi-
cal Oncology concluded that while wide margins of >1 cm 
are desirable and should be sought, anticipation of a close 
margin should not preclude a resection.86 As a result, a more 
recent study examined the difference in outcomes between 
those patients with R0 resections vs. R1 resections. When 
coupled with SCT, the R1 resection group has similar 
5-year overall survival rates to the R0 resection group (57% 
vs. 60%, p = 0.12). Intrahepatic recurrence demonstrated a 
higher recurrence of 28% for the R1 resection group vs. 17% 
for the R0 resection (p = 0.004) group.87 One can surmise 
again from this study that an R1 resection.

Recurrence

Recurrence following hepatectomy for colorectal metastases 
is common, occurring in more than two-thirds of patients. 
In fact, long-term survival does not necessarily imply that 
there has been no recurrence. In a study of 96 actual 5-year 
survivors, nearly half had experienced a recurrence at some 
point and received further therapy.87 In patients who do 
recur, the liver is the most common site of recurrence and 
is involved approximately 45% of the time. Most of these 
recurrences are isolated to the liver. Other common sites are 
lung, bone, and various intra-abdominal sites.88 Since many 
recurrences are isolated to the liver, repeat liver resection 
has been attempted by several surgeons with some success. 
Unfortunately, only 5–10% of patients are candidates for 
a second liver resection, underscoring the importance of 
patient selection. Currently, at least 14 series reporting on 
more than 700 patients have documented that repeat hepate-
ctomy for metastatic colorectal cancer is safe and effective 
in well-selected patients. Mortality is less than 5%, median 
survival from the time of the second liver resection ranges 
from 23 to 46 months, and 5-year survival ranges from 30 
to 41%.88 The factors most commonly associated with a 
poor outcome following repeat hepatectomy are size and 
number of tumors, as well as short disease-free interval. 
Because of the potential for further effective therapeutic 
interventions after primary liver resection, patients eligible 
for such treatment should be followed with serial CEA and 
imaging studies to detect recurrences at an early and poten-
tially treatable phase.

Since recurrence after hepatectomy for metastatic colorec-
tal cancer is common, there is a sound rationale for use of 
adjuvant therapy. Indeed, adjuvant 5FU-based systemic che-
motherapy after liver resection was often given, but its use 
was not supported by prospective trials. A number of retro-
spective comparisons have been performed, but no definitive 
published data support the routine use of adjuvant postopera-
tive 5FU-based systemic chemotherapy. The effect of newer, 
more effective chemotherapeutic regimens on long-term sur-
vival following hepatectomy is not known but is promising.

Since hepatic metastases derive their blood supply from 
the hepatic artery and the most common site of recurrence 
after hepatectomy is within the remnant liver, there is a 
strong argument for the use of HAI chemotherapy. Three 
randomized trials have addressed the efficacy of adjuvant 
HAI  chemotherapy. In the German Cooperative multicenter 
study, HAI 5FU/LV was compared to no treatment after hepa-
tectomy. No significant differences in outcome were found; 
however, many patients in the HAI arm did not receive ther-
apy, and 5FU is not considered the optimal therapeutic for 
HAI chemotherapy.89

In the recently published Intergroup study, adjuvant HAI 
FUDR combined with systemic 5FU was compared to no 
treatment. A significant improvement in survival (46% vs. 
25% 4-year survival, p = 0.04) was demonstrated only when 
analyzed by actual treatment received. There was no sig-
nificant difference in outcome when analyzed in an intent-
to-treat manner.90 The third trial, performed at MSKCC, 
compared systemic 5FU/LV to systemic 5FU/LV combined 
with HAI FUDR. Ninety-two percent of patients received 
therapy as assigned, and there was a significant improvement 
in 2-year survival (the primary endpoint) favoring the addi-
tion of HAI FUDR (86% vs. 72%).91

Given the growing number of chemotherapeutic options 
for patients with metastatic colorectal cancer, there are many 
options for the patient who has had all of his or her liver 
metastases resected. Since HAI FUDR combined with sys-
temic 5FU/LV is the only therapy ever shown to improve 
survival in this setting, there is a strong argument for the use 
of this modality; however, the surgeon and medical oncolo-
gist need to have experience with pump implantation and 
management. With the advent of more effective systemic 
chemotherapy such as irinotecan and oxaliplatin, as well as 
molecular targeted agents, new trials are needed to assess 
optimal adjuvant therapy.

Because the large majority of patients with hepatic  
colorectal metastases are technically unresectable, the 
development of more effective chemotherapy has inspired 
many oncologists to employ a “neoadjuvant” chemother-
apy strategy in an attempt to render patients resectable. 
In a series from France, 701 patients with unresectable 
liver metastases received chronomodulated 5FU/LV and 
oxaliplatin. Ninety-five (14%) of these patients became 
resectable, secondary to chemotherapeutic response, and 
underwent staged resection. The resections employed 
techniques such as portal vein embolization and intraop-
erative ablation to extirpate all tumor, and achieved an 
actuarial 5-year survival rate of 35%.44 Another study 
analyzed 23 previously treated patients with unresect-
able liver metastases. HAI FUDR was administered, and 
six patients (26%) were ultimately able to undergo an R0 
resection.45 These early studies suggest that patients with 
unresectable liver metastases should be treated aggres-
sively with chemotherapy and reevaluated at intervals for 
the possibility of resection.
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Ablative Procedures

While resection has become the gold standard for treatment 
of liver metastases it is curative in a minority of patients, 
therefore other methods of tumor destruction utilizing 
thermal ablation techniques have also been developed 
to treat and palliate those tumors that are not amenable to 
resection.

Cryotherapy has been used for decades and employs the use 
of probes to freeze tumors and surrounding normal hepatic 
parenchyma. Cryotherapy generally requires a laparotomy, 
and complications such as bleeding, liver cracking, and a 
cryoshock phenomena characterized by thrombocytopenia 
and disseminated intravascular coagulation can occur.

Radiofrequency ablation (RFA) and microwave abla-
tion (MWA) probes have been developed that can heat 
liver tumors and a surrounding margin of tissue to create 
coagulation necrosis. RFA and MWA can be employed 
percutaneously, laparoscopically, and at laparotomy under 
ultrasound, CT, or MRI guidance. Furthermore, RFA has 
low morbidity that generally ranges around 10% and is 
rarely serious.91–93 While RFA can be used near blood 
vessels, as the heat-sink effect of blood flow protects the 
endothelium, major bile ducts can be seriously injured, 
limiting the use of RFA in central tumors situated near 
major bile ducts. Local recurrence following RFA is a sig-
nificant problem, and appears to be strongly correlated 
with tumor size. Generally, recurrence is more common 
in tumors greater than 4 or 5 cm in diameter and in tumors 
abutting major blood vessels. With improvements in local-
ization and monitoring of thermal application, however, 
these therapies are very promising alternatives to surgery. 
Perhaps the greatest application of ablative techniques 
will be in their use as additions to resection in patients 
with multiple bilobar tumors.

Yttrium-90 microspheres is a way of delivering a pure 
beta emitting form of radiation to an unresectable liver 
lesion without suffering the locoregional side effects of 
external beam radiation. The microspheres are most often 
administered via a angiographic guided catheter placement. 
The procedure first requires accessible feeding vessels 
that allows for treatment of the lesions, but it is impera-
tive that healthy liver and lungs are excluded and therefore 
appropriate treatment dosing is critical. The first study to 
combine radioembolization (REB) with systemic chemo-
therapy (SCT) randomly assigned patients to either treat-
ment arm with REB plus The overall median survival was 
29.4 months in the study arm vs. 12.8 months in the SCT 
alone arm.94 This trial and others show promising results in 
patients with metastatic colorectal cancer. Currently, radio- 
embolization is undergoing multicenter trials that include 
simultaneous and sandwiched systemic chemotherapy as 
for both treatment and radiosenstization. The results from 
these trials will ultimately determine whether REB has a 
role in the management of unresectable metastatsis from 
colorectal cancer.

Lung Metastasis

Approximately 10% of patients with colorectal cancer 
develop pulmonary metastasis. The vast majority of patients 
with metastatic colorectal cancer to the lung have advanced 
disease, and are therefore treated with systemic chemo-
therapy or best supportive care. Approximately 11% of 
these individuals will have isolated pulmonary metastases.95 
Patients with isolated or limited pulmonary may be consid-
ered candidates for pulmonary metastasectomy.96

Due to the retrospective nature of the reported information 
in the literature, clinical outcome data after metastasectomy 
for colorectal lung metastases must be interpreted with cau-
tion. Improved clinical outcome and survival data is more 
likely due to ideal patient selection and tumor biology rather 
than the surgical intervention in and of itself. In addition, 
there are no adequate control groups in these reports; there-
fore, survival statistics are difficult to interpret. However, 
there are patients who undergo pulmonary metastasectomy 
with no evidence of disease after long-term follow-up.95 
In addition, long-term survival without complete resection 
is very rare, suggesting that select patients do occasionally 
benefit from pulmonary metastasectomy.

Modern series of lung resection for metastatic colorectal 
cancer report operative mortalities of less than 2% (Table 47-3). 
Five-year survival rates range from 16 to 64%, but generally 
cluster around 30% to 40%. Most studies evaluate factors 
associated with outcome; however, given the limited num-
ber of cases, the statistical power of these studies to detect 
significant factors is limited. In general, the pathology of the 
primary tumor (grade, location, stage) has not been shown to 
impact clinical outcome. The most commonly cited signifi-
cant factors associated with adverse outcomes include the 
number and size of pulmonary metastasis, short disease-free 
interval (DFI), elevated CEA, and incomplete resection.

While the majority of series evaluate metastatic disease 
limited to the lungs, several series have evaluated patients 
with both liver and lung metastases. Some authors advocate 
resection of synchronous limited extrapulmonary disease97; 
however, the majority of studies that have analyzed synchro-
nous liver and lung metastases report a uniformly poor out-
come following combined resections. Long-term survival is 
very uncommon in this situation.98,99 In the setting of isolated 
pulmonary recurrence after partial hepatectomy, pulmonary 
metastasectomy appears to have more favorable outcomes 
similar to those for the initial hepatectomy.98–100

The surgical approach to patients who are potential can-
didates for pulmonary metastasectomy has been somewhat 
controversial. Based on older studies reported in the 1980s 
citing a 38% yield of contralateral thoracotomy in finding 
radiographically occult disease, routine bilateral thoraco-
tomy had been advocated.101 With modern day imaging, rou-
tine bilateral thoracotomy is no longer justified. The use of 
video-assisted thoracoscopic surgery (VATS) has increased 
significantly and is often used in metastasectomy when a 
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minimal parenchymal resection is necessary. Initially, VATS 
was deemed substandard to thoracotomy due to the inability 
to palpate the lung parenchyma; a prospective study evaluat-
ing confirmatory thoracotomy after VATS showed that 22% 
of lesions were missed.101,102 However, with improvements in 
modern imaging and VATS technique, a minimally invasive 
approach can be justified.

Radiation therapy for colorectal cancer pulmonary metas-
tasis has been of limited utility in the past due to radiation-
induced pneumonitis, rib and spinal fractures, and skin 
toxicities. However, these toxicities can be minimized with 
the advent of robotic assisted Gamma Knife radiotherapy or 
“cyberknife.”103 Initial reports appear to have minimal tox-
icity associated with single-session lung radiotherapy using 
robotic image-guided real-time respiratory and tumor track-
ing. This is an exciting field of research and may become 
an additional therapeutic modality in the future. However, 
the outcome and efficacy data is limited at this time and the 
associated cost of robotic image-guided radiotherapy will be 
a limiting factor in widespread availability.

Peritoneal Metastasis

Peritoneal carcinomatosis represents one of the most chal-
lenging aspects of metastatic colorectal cancer. The peri-
toneal surface is involved in approximately 10–15% of 
colorectal cancer patients at time of initial presentation 
(synchronous metastases) and in 20–50% of patients who 
develop recurrence (metachronous metastases).104–106 As a 
site of colorectal cancer metastasis, the peritoneal surface 
ranks second only to the liver. It is characterized by intrap-
eritoneal spread of metastatic nodules. Peritoneal metastasis 
occurs by direct implantation of cancer cells via one of four 
mechanisms (1) spontaneous intraperitoneal seeding from a 
T4 colorectal cancer that has penetrated the serosal surface 
of the colon; (2) extravasation of tumor cells at the time of 
colon perforation from an obstructing cancer; (3) iatrogenic 
tumor perforation through an area of serosal injury or entero-
tomy at the time of colon resection; and (4) leakage of tumor 
cells from transected lymphatics or veins at the time of colon 
resection.105 The risk of peritoneal metastasis is therefore 
highest in the setting of locally advanced cancers.

Peritoneal metastases are clinically important because of 
their frequent progression to malignant ascites and/or malig-
nant bowel obstruction.106–110 Synchronous peritoneal carci-
nomatosis was found in 58.5% of the patients with colorectal 
cancer. The most frequent symptoms were ascites (29.7%) 
and bowel obstruction (19.5%).

Preoperative detection of peritoneal metastases is not reli-
able. Noninvasive imaging frequently misses small perito-
neal lesions, even when these are widely disseminated. The 
sensitivity of CT scanning for lesions smaller than 5 mm is 
only 28%, as compared to 70% for lesions 2 cm or greater.111 
Thus, indirect signs such as bulky primary tumor, ascites, or 

bowel obstruction are important clues. The utility of MRI in 
diagnosis of peritoneal carcinomatosis beyond that of CT is 
largely unknown and PET scans are of limited value. Unfor-
tunately, in the majority of cases, diagnosis is made at the 
time of primary resection.112

The extent of carcinomatosis is a major prognostic factor 
and is best assessed by either laparoscopic or open explo-
ration. Two different peritoneal carcinomatosis staging 
systems (Gilly’s classification and Peritoneal Cancer Index 
of Sugarbaker) can be used to assess the extent of carcino-
matosis.113,114 These staging systems have both shown util-
ity in determining the prognosis and treatment of patients 
with peritoneal carcinomatosis. By Gilly’s classification, 
carcinomatosis is classified principally by the dimensions of 
the peritoneal tumor implants: stage I, tumor nodules less 
than 5 mm in diameter localized in one part of the abdomen; 
stage II, tumor nodules less than 5 mm disseminated widely 
through the abdomen; stage III, tumor nodules 5–2 cm in 
diameter; and stage IV, tumor nodules greater than 2 cm. The 
Peritoneal Cancer Index scores the extent of carcinomatosis 
on the basis of tumor size and location within 13 regions 
of the abdomen and pelvis. The lesion with the largest size 
in each abdominopelvic region is scored on a scale of 0–3 
(0, no tumor; 1, tumor up to 0.5 cm; 2, tumor up to 5.0 cm; 
3, >5 cm or confluence). The total score of the Peritoneal 
Cancer Index can vary from 0 to 39. The Peritoneal Cancer 
Index is shown to correlate with survival. Median survival 
and 5-year survival after surgical debulking and intraperito-
neal chemotherapy were 48 months and 50% for peritoneal 
index <10, compared to 12 months and 0% for index >20.

Standard management of patients known to have perito-
neal metastases at initial presentation is systemic chemo-
therapy. Colon resection plays an important role for patients 
with obstructing primary cancers, and also for patients with 
occult metastases that are first detected in the operating room. 
Historically, the median survival for patients with unresected 
peritoneal metastasis treated with 5-fluorouracil-based  
systemic chemotherapy was very poor (6–8 months).115,117 
However, patient survival is highly variable, depending on 
the extent of metastatic disease and response to chemo-
therapy.116,117 Contemporary combination chemotherapy 
regimens have significantly greater efficacy and can produce 
long periods of disease control in certain patients.

Despite the grim prognosis for patients with peritoneal 
carcinomatosis from colorectal cancer, a subset of patients 
once thought unsalvageable are now being considered for 
surgery with curative intent. Pioneered by Sugarbaker, the 
goal of cytoreductive surgery and intraperitoneal (IP) che-
motherapy is to remove all macroscopic disease with peri-
tonectomy procedures and visceral resections followed by 
perioperative IP chemotherapy to destroy residual micro-
scopic disease. IP delivery offers a pharmacokinetic advan-
tage over standard intravenous delivery by producing high 
regional concentrations of drug while simultaneously mini-
mizing systemic toxicities.118–120 The most widely reported 
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method of IP chemotherapy is intraoperative delivery of 
mitomycin in a hyperthermic (41C) circuit for 90 min. An 
alternative approach is postoperative infusion of 5-fluoro-
2¢-deoxyuridine (FUDR) via an implanted intraperitoneal 
catheter.120

Despite early skepticism, in carefully selected cases there 
appears to be a survival benefit. Multiple phase II and one 
phase III study establish superiority over conventional pal-
liative surgery or systemic chemotherapy121 Several phase II 
studies show 5-year survival rates ranging between 19 and 
28%.122 The most consistent and important prognostic fac-
tor in these studies is the ability to achieve complete resec-
tion of all gross disease. Five-year survival rates reported for 
patients with completely resected disease range from 27 to 
54%.122–124

A phase III study conducted by the Netherlands Cancer 
Institute randomized 105 colorectal cancer patients with 
peritoneal carcinomatosis to either standard treatment (sys-
temic 5-fluorouracil/leucovorin with or without palliative 
colectomy) or experimental therapy (aggressive cytore-
ductive surgery, hyperthermic IP mitomycin, and systemic 
5-fluorouracil/leucovorin).123–125 In the experimental arm, 
median operation time was 585 min, treatment toxicity was 
high, and treatment-related mortality was 8%. After a median 
follow-up of 22 months, median survival was 12.6 months in 
the standard therapy arm and 22.3 months in the experimen-
tal therapy arm. It is not known if the survival benefit 
observed in the experimental therapy arm is due to surgical 
debulking, IP chemotherapy, or both.

In summary, the standard therapy for patients with peri-
toneal metastases is systemic chemotherapy. However, there 
is evidence that aggressive surgical cytoreduction and IP 
chemotherapy will benefit patients with limited peritoneal 
tumor burden. Additional clinical trials are needed to define 
optimal use of this aggressive treatment approach.

Ovarian Metastasis

Approximately 4–30% of ovarian neoplasms are metastatic 
cancers, the most common being colorectal and breast can-
cer.126 Between 6 and 14% of all women dying with col-
orectal cancer are found to have ovarian metastases at the 
time of autopsy.127 The risk of developing ovarian metasta-
sis is substantially higher in woman with stage IV disease 
and approaches 90% in women with established peritoneal 
metastases. In addition, women with adenocarcinoma of the 
vermiform appendix have a very high risk of ovarian metas-
tasis. Thus, in a woman with recent diagnosis of advanced 
colorectal cancer, any ovarian mass should be considered a 
metastasis from colorectal cancer until proven otherwise.

The pathogenesis of colorectal cancer ovarian metastasis 
is variable. Metastatic spread occurs primarily through the 
peritoneum but can also occur via the blood stream, through 
lymphatic vessels, or by direct extension. Careful intraopera-

tive assessment of the ovaries at the time of colon cancer sur-
gery is essential. Synchronous metastases occur in 0–8.6% 
of patients in various clinical studies,128–132 while metachro-
nous metastases develop in 1.4–6.8% of colorectal cancer 
cases,126,127,133,134 usually within 2 years after the primary 
resection.129–136 Most often these metastatic lesions are large, 
and at least half of the cases have bilateral ovarian involve-
ment.137,138 Approximately 40% of these patients also have 
associated extraovarian pelvic metastasis.137 Distinguishing 
a metastatic colorectal cancer from primary ovarian tumor is 
difficult by gross assessment alone, but a correct diagnosis 
can generally be determined through integration of clinico-
pathologic, immunohistochemical, and cytogenetic features. 
Most metastatic colorectal lesions are CK20+/CEA+/CK7− 
on staining, while primary ovarian neoplasms are CK20−/
CEA−/CK7+.138–141

Primary en bloc resection of CRC with direct extension 
to the ovary (T4) or resection of macroscopic metastatic dis-
ease to the ovary with prophylactic bilateral resection has 
been suggested to offer survival benefit and should be per-
formed with curative intent in the absence of other significant 
metastatic disease. However, the removal of macroscopically 
normal ovaries, prophylactic oophorectomy, in women with 
colorectal cancer is the subject of much debate. Proponents 
of resection argue that removal improves the cure rate by 
removing potential microscopic “undetectable” synchronous 
disease, eliminates the risk of ovarian cancer and removes 
the risk of future metachronous ovarian metastatic disease.127 
Others argue that the low incidence of ovarian metastasis, 
paucity of supportive data and few clinical correlations with 
predictive value make this additional intervention unneces-
sary.127 Clinical studies attempting to document the benefit 
of ovarian metastasectomy in patients with colorectal cancer 
are small and retrospective.128,142,143 The majority of studies 
to date, however, fail to show any survival benefit for pro-
phylactic oophorectomy and most studies demonstrate that 
when ovarian metastatsis is present it is a poor prognostic 
sign.127 Based on the available data, it is reasonable to offer 
prophylactic oophorectomy to all postmenopausal patients, 
in particular to those women who have undergone pelvic 
radiation as part of their treatment for rectal cancer. For pre-
menopausal patients, only those with established peritoneal 
metastases, those with a clearly increased risk of developing 
ovarian carcinoma [strong family history, known carriers of 
breast cancer (BRCA) or hereditary nonpolyposis colorectal 
cancer (HNPCC) mutation], or those who have already com-
pleted their families should be considered for prophylactic 
oophorectomy.

Most ovarian metastases are asymptomatic and are only 
detected at the time of surgery; however, large metastatic 
ovarian lesions can compress or invade adjacent organs (ure-
ter, bladder, bowel), rupture, and on rare occasions bleed. 
Survival of women with synchronous ovarian colorectal 
metastases is significantly worse than that of patients with-
out such metastases.126,144 Ovarian metastases are frequently 
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resistant to systemic chemotherapy even when other sites 
of metastatic disease are responding, and therefore, resec-
tion of synchronous ovarian metastases should be performed 
when noted intraoperatively.145–148 Bilateral oophorectomy 
and complete resection of gross disease is recommended. 
Reoperation for metachronous metastases should be con-
sidered in selected patients with good performance sta-
tus and limited tumor burden elsewhere. To prevent local 
tumor progression, an aggressive surgical approach should 
be undertaken to achieve complete resection. The survival 
benefit of removing ovarian metastases has never been well 
documented, although complete metastasectomy is associ-
ated with significantly better outcome when compared to 
palliative debulking, especially in the setting of metastatic 
disease confined to the pelvis.149,150 It should be noted that 
complete resection is only possible in 50% of these cases. 
The median postresection survival for women with isolated 
ovarian metastases is 18 months.145 Women with other sites 
of disease have shorter survival, however, and 5-year survival 
after resection of established ovarian metastases is rare.146,147 
In these cases, systemic chemotherapy should be strongly 
considered, particularly when residual disease is present. 
With the availability of stronger chemotherapeutic regimens 
containing oxaliplatin, irinotecan, and/or bevacizumab, bet-
ter survival can be expected.151–154

Bone and Brain Metastases

Bone metastases from colorectal cancer reportedly occur 
in 7–9% of cases, and most often present in the context 
of widespread metastatic disease.155–158 Routine diagnostic 
bone imaging is not indicated in colorectal cancer patients, 
however, unless there are specific bone-related symptoms. 
There are no curative modalities, but palliation of pain, frac-
tures, or spinal cord involvement are important issues for 
these patients. Symptomatic relief from bony metastases can 
usually be accomplished with radiation and medical therapy. 
However, pathologic fractures are best treated by operative 
internal fixation. The systemic issues related to bone metas-
tases are serious and include debilitation, immobility, hyper-
calcemia, and thromboembolic disease.

Cerebral metastases from colorectal cancer are uncommon, 
occurring in 1–4% of colorectal cancer cases.155–157 Colorec-
tal tumors account for approximately 3% of all metastatic 
brain tumors.158 These are generally found in the context of 
widespread metastases to multiple organ sites, but on rare 
occasion can present as an isolated brain metastasis. There is 
no role for routine brain imaging at primary presentation or 
at presentation with metastases elsewhere, unless there are 
specific neurologic symptoms. Once brain metastases occur, 
symptoms are common; palliative therapies include steroids 
to decrease swelling and anticonvulsants to control seizures. 
Definitive therapy of colorectal brain metastases usually 
involves surgery, radiation, or a combination of the two. For 

isolated, single brain metastases, resection can result in sur-
vival beyond 1–2 years.157–160 As with pulmonary metastasis, 
there is increasing interest and data in the literature regarding 
Gamma Knife and Cyber Knife radiotherapy for bone and 
brain metastasis.161 The outcome and efficacy data is lim-
ited at this time and the associated cost of robotic real-time 
image-guided radiotherapy may be a limiting factor in wide-
spread applicability.
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Colorectal Cancer: Surveillance
Nadav Dujovny and Jon S. Hourigan

Introduction

The majority of patients with colon and rectal cancer undergo 
curative resection and become candidates for continuing sur-
veillance. It is well understood that the risk of colorectal can-
cer recurrence is largely dependent on the stage of disease at 
initial presentation and the appropriate level of postoperative 
surveillance should reflect this degree of risk stratification. 
Therefore, considerable effort has been devoted to the follow-
up and surveillance of patients who have undergone curative-
intent surgery. Continued surveillance is imperative to detect 
both metachronous neoplasms and prevent the development 
of subsequent cancers. In theory, proper surveillance allows 
subsequent polyps to be removed before malignant trans-
formation occurs and improve survival by early identifica-
tion of treatable recurrent cancer. Furthermore, surveillance 
directs family members of patients with hereditary cancers 
to receive proper screening and genetic counseling.

A dilemma, however, is the lack of agreement on the most 
effective surveillance program. Although the majority of 
colorectal surgeons report some degree of patient surveil-
lance after curative resection, frequency of follow-up and 
surveillance techniques are largely inconsistent. A survey of 
American Society of Colon and Rectal Surgeons (ASCRS) 
members indicates that only 50% of practicing colorectal sur-
geons follow general surveillance guidelines.1,2 The impor-
tance of disease stage is noted, but the risk of recurrence is 
also influenced by a variety of other factors, including sur-
gical technique (local vs. radical resection, total mesorectal 
excision, etc.), primary tumor location, disease clearance, 
and histologic grade. Patient age and comorbidities, in addi-
tion to patterns of recurrence, also influence the intensity of 
surveillance.

In regards to advances in the detection and treatment of 
cancer recurrence, select patients will be candidates for 
resection of locoregional and metastatic recurrence. Many 
patients benefit from the removal of metachronous benign 
colorectal neoplasms and follow-up is critical for early 

identification of the subset of patients who benefit from 
selective treatment of recurrent malignant disease. Recent 
improvements in chemotherapy, radiation therapy, and sur-
gery have allowed a relative survival advantage for people 
diagnosed with stages II and III disease. Furthermore, 
similar advances have extended median survival from 6 to 
16 months for patients with stage IV cancer.3 In addition 
to improvements in survival, a population-based study by 
Guyot et al.4 demonstrated improvements in resectability 
and management of recurrent disease. The authors of this 
study showed that the proportion of patients with recurrent 
disease resected for cure increased from 6.7% (1976–1984) 
to 23.7%(1994–2003; p < 0.001) for distant metastases 
and from 15.9 to 58.1% (p < 0.001) for local recurrence. 
Improvements in outcome for metastatic colorectal cancer 
were demonstrated by Kopetz et al.5 through the increased 
use of hepatic resection and advancements in medical ther-
apy. In this study, 5-year survival improved from 9.1 to 
19.2% and the median survival improved from 18 to 29.2 
months in selected patients with Stage IV disease.

Risk and Timing of Recurrence

In 2009, approximately 147,000 cases of colon and rectal 
cancer were diagnosed in the USA. Among these newly 
diagnosed cases, most patients presented with locoregional 
disease (Stage I–III) and underwent curative intent surgery. 
The 5-year survival rate in this collective group ranged from 
64 to 90% depending primarily on the stage at presentation.6 
Overall, 30–38% of patients who were treated with curative 
resection for locoregional disease developed a recurrence.7,8 
Patients with Stage IIb and Stage III disease were at the high-
est risk of recurrence. The risk of recurrence in those high-
risk patients with primary colon or rectal cancer was 40 and 
52%, respectively.9 Approximately 20% of patients presented 
with Stage IV, or metastatic, disease. Most patients with 
Stage IV colorectal cancer were not  candidates for curative 
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resection and underwent palliative treatment. Surveillance 
was not applicable for the patients unless their metastatic 
disease was limited and resected for cure. The majority of 
recurrences occur within 2 years of a curative resection, and 
more than 95% of recurrences are evident within 5 years of 
surgery. Late recurrence, defined as recurrence after 5 years 
from initial resection, is certainly unusual and typically rep-
resents less than 2% of recurrent cancer diagnoses. The lon-
ger interval to recurrence in these patients often reflects the 
use of adjuvant therapy.9–12

Hereditary Colorectal Cancer

Hereditary factors play a role in 10–25% of colorectal can-
cers, and identification of these patients often influences 
surgical management and surveillance intensity. Patients 
who are less than 50 years of age, have multiple polyps or 
synchronous cancers, or have a personal/family history of a 
malignancy should be recognized and considered for genetic 
counseling. The important noncolorectal malignancies to 
consider are those associated with hereditary nonpolyposis 
colorectal cancer (HNPCC), such as endometrial, ovarian, 
ureteral, gastric, and others. Obviously, family history plays 
a substantial role in identifying these patients and needs to be 
reviewed thoroughly at the initial consultation. Both HNPCC 
and familial adenomatous polyposis (FAP) are examples of 
genetic colorectal cancer syndromes that may affect patients 
and their families. Recognition of affected individuals alters 
screening and surveillance strategies for both themselves 
and their family members. This information may also mod-
ify surgical management to include a more extensive or pro-
phylactic surgery, and direct surveillance of other potential 
sites of malignancy.

Surveillance Measures

Intensity of Follow-Up

The first question that must be answered is whether or not rou-
tine follow-up should be offered at all to patients based on a 
proven survival, recurrence, or quality-of-life benefit. At one 
extreme of comparison, Ohlsson et al.13 randomized patients 
to either no follow-up or an intense follow-up program at 
frequent intervals after curative surgery for colorectal cancer. 
Of interest, this study demonstrated no significant difference 
in overall survival (67% vs. 75%), cancer-specific survival 
(71% vs. 78%), or tumor recurrence (33% vs. 32%) between 
the control and follow-up groups despite a rigorous surveil-
lance program. This study alone would suggest that there is 
no benefit to patient follow-up, although it may have been 
underpowered. A subsequent study with randomization to 
either risk-adapted follow-up or minimal follow-up by Secco 
et al.14 again validated that follow-up, regardless of intensity, 

had no impact on tumor recurrence. However, in comparison 
to Ohlsson et al.,13 improved survival was statistically signifi-
cant among patients in risk-adapted follow-up programs ver-
sus patients with minimal follow-up. The lack of influence 
on tumor recurrence from these two studies should not be 
unexpected considering recurrence is primarily determined 
by the inherent characteristics of the tumor and its stage at 
presentation. However, the lack of influence on survival by 
Ohlsson et al.13 raises the question as to whether the primary 
goal of improved survival is achieved by surveillance. In a 
2007 collaborative review from the Cochrane Database, 
Jeffery et al.15 analyzed eight randomized controlled trials  
to conclude an overall survival benefit in patients followed  
by a “more intensive” surveillance program after curative 
colorectal resection. Furthermore, the utilization of more tests 
in and of itself was significantly associated with improved 
overall survival. The variation among program strategies did 
not allow a standardized recommendation regarding timing, 
frequency, and components of follow-up.13,16–21

History and Physical Examination

Various practice guidelines, including those of the ASCRS, 
American Society of Clinical Oncology (ASCO), and 
National Cancer Care Network (NCCN), recommend 
patient history and clinical examination be performed every 
3–6 months for the first 2–3 years after curative resection. 
Subsequent follow-up then occurs for a total of 5 years of 
surveillance. Additional follow-up after that time may be 
warranted based on perceived risk of recurrence and is at the 
physician’s discretion.22–24 Concerning symptoms include 
coughing, abdominal or pelvic pain, change in bowel hab-
its, rectal bleeding, and fatigue. The physical exam should 
include wound examination, lymph node palpation, digital 
rectal exam, and a pelvic examination for female patients. 
Unfortunately, patients who present with symptomatic 
recurrences are less likely to be resected for cure. However, 
posttreatment surveillance also allows for the evaluation of 
psychosocial distress after colorectal cancer treatment and 
potential to offer help for other treatment-related sequelae, 
such as diarrhea, incontinence, and/or stoma care. It also 
helps to serve as a reminder for patients to check carcino-
embryonic antigen (CEA) levels and schedule subsequent 
colonoscopies. Moreover, it provides patients a teachable 
moment in regards to genetics/family risk, and for healthy 
lifestyle choices. Smoking cessation, a healthy body mass 
index, exercise, and healthy diet have all been associated 
with improved outcomes in colorectal cancer.25–27

Laboratory Evaluation

The only laboratory test recommended for colorectal cancer 
surveillance is the serum CEA level. CEA is an oncofetal 
protein, which is elevated in colorectal cancers along with 
other gastrointestinal malignancies.28 Preoperative CEA 
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level does have prognostic value in terms of risk of recur-
rence. A study by Wiratkapun et al.,29 prospectively followed 
261 patients after potentially curative resection and found 
that those patients with a preoperative CEA level > 5ng/ml 
had a worse disease free survival (DFS). At 5 years, recur-
rence was 7.5% compared to 37.2% in patients with normal 
versus elevated preoperative CEA levels. In addition, failure 
of elevated preoperative CEA levels to return to normal after 
potentially curative resection is a poor prognostic indicator30 
and may represent incomplete surgical resection or occult 
metastases.

After colorectal cancer resection, post-operative CEA 
levels should be monitored in patients who are medically fit 
for further treatment if a recurrence were found. The recom-
mended interval of testing varies between societies; however, 
most recommend checking CEA levels every 3 months for 
the first 2–3 years and then biannually up to 5 years after 
resection. Elevated CEA is often the first sign of recurrent 
disease. CEA often predates other testing modalities in terms 
of identifying recurrence with a median lead time of 4.5–8 
months.31–34 Of note, sensitivity is much higher in detecting 
distant metastatic disease than locoregional disease (92% vs. 
62%).35 CEA sensitivity also varies with the site of recur-
rence, being 78% sensitive for hepatic metastasis, but only 
42 and 45% sensitive for pulmonary and local recurrences, 
respectively.34 Furthermore, an elevated CEA level should be 
rechecked prior to searching for recurrent disease because it 
may be falsely elevated. The false positive rate for CEA levels 
range from 7 to 16%.33,34 CEA levels should not be evaluated 
while the patient is receiving 5-fluorouracil-based chemo-
therapy because this may falsely elevate the CEA level.34

Serum hemoglobin, liver function tests, and fecal occult 
blood test should not be used as part of a surveillance regi-
men. In regards to these tests, the ASCRS, ASCO, and 
NCCN guidelines are in agreement.22–24

Chest Surveillance

The incidence of isolated pulmonary metastases is approxi-
mately 5–10% and over 20% of patients who develop recur-
rent disease after curative resection have pulmonary lesions 
in addition to other areas of metastases. This pattern of recur-
rence is variable depending on the initial stage and location 
of the primary malignancy.36,37 Even though pulmonary 
recurrence tends to occur more commonly with rectal cancer 
rather than colon cancer, both groups are followed collectively 
according to current surveillance recommendations. Plain 
chest radiograph (CXR) and chest CT scan are the two avail-
able options for chest surveillance and their utilization is not 
mutually exclusive. As with other surveillance measures, the 
utilization of chest surveillance requires that a patient is med-
ically fit for pulmonary metastasectomy to justify its use. The 
ability of surveillance CXR to first detect evidence of cancer 
recurrence is reportedly under 20%, and more  realistically 
less than 10%.38,39 Graham et al.40 identified  recurrence 

in 421 of 1,356 (32%) patients who underwent curative  
resection of a primary colorectal malignancy. Follow-
up CXR was the first indication of recurrence in less than 
1% of patients. In contrast, routine chest CT has shown an 
improved ability to primarily detect occult colorectal cancer 
recurrence within the chest in asymptomatic individuals and 
is more sensitive than CXR in identifying resectable pulmo-
nary disease.41,42 Clear evidence indicating which option is 
superior is not available and various surveillance programs 
preferentially use routine CXR or chest CT. ASCRS practice 
parameters neither support nor refute the use of routine chest 
radiography for surveillance, yet both ASCO and NCCN 
recommend annual chest CT for the first 3 years following 
curative resection.22–24 ASCO and NCCN guidelines seem to 
be the most reasonable as abnormal findings on surveillance 
CXR require further imaging with chest CT prior to metas-
tasectomy. Regardless of which method of surveillance is 
chosen, initial and repeated pulmonary resection for isolated 
metastatic disease offers an excellent long-term survival 
advantage with 2- and 5-year survival rates greater than 60 
and 40%, respectively.43–46 Although the majority of patients 
have multiple pulmonary lesions and may not be candidates 
for metastasectomy, routine chest imaging for colorectal 
follow-up is warranted to identify the subset population of 
patients who benefit from pulmonary resection.37

Abdomen/Pelvis Surveillance

There has been continued improvement in both the identi-
fication and treatment of metastatic colorectal cancer, and 
patients now have more options for the treatment of recur-
rent and advanced stage disease. The detection of abdominal 
and pelvic recurrence has primarily focused on hepatic imag-
ing because the liver is the most common site of recurrence. 
Over 30% of patients ultimately develop hepatic metastasis 
after curative resection.36 This typically occurs within the 
first 3 years after surgery. Recommendations regarding the 
use of routine liver imaging are influenced by the ability of 
abdominal CT and/or liver ultrasound to identify liver metas-
tasis before clinical symptoms develop or other modalities 
of surveillance are positive for recurrence. In general, the 
accuracy of abdominal CT is superior to liver ultrasound 
for hepatic metastasis. The sensitivity of liver ultrasound is 
under 60% for the detection of colorectal metastasis, and the 
ability of ultrasound to identify liver lesions less than 1 cm is 
truly inadequate.47 Abdominal CT, on the other hand, is more 
accurate and able to detect liver metastasis with sensitivity 
greater than 75%. Some studies suggest that routine liver 
imaging with both CT and ultrasound should be included in 
surveillance programs because of improved ability to identify 
treatable recurrence. For example, Bleeker et al.48 reported 
on 42 of 213 patients with recurrence that underwent resec-
tion with curative intent and concluded that combined liver 
imaging was critical in over 30% of patients for identifying 
curable recurrence before any other method of surveillance.
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The most recent Cochrane review suggested an overall 
survival benefit when routine liver imaging was included 
as part of intensive surveillance programs.15 The utilization 
of routine liver imaging, however, remains controversial 
because the identification of liver metastases has not his-
torically translated into subsequent resectability or improved 
survival in either asymptomatic or symptomatic patients.21 
Other topics of debate include the cost-effectiveness of liver 
imaging and its ability to complement routine surveillance 
when other measures are normal. Deveney and Way49 found 
similar specificity and sensitivity between a less expensive 
CEA and more costly abdominal CT for routine follow-up. 
The ability of hepatic imaging to act as the first indicator of 
recurrence is low and very rarely does it identify recurrence 
prior to CEA elevation.17,20 As a result of these concerns, 
published guidelines for the use of routine hepatic imaging 
after curative resection are inconsistent.

The most recent ASCRS published guidelines (2004) do 
not recommend the routine use of hepatic imaging. This is 
based on the lack of evidence that identification of hepatic 
recurrence leads to subsequent resection, the overlap of 
results between elevated CEA measurement and hepatic 
imaging, and the cost of routine CT imaging.23 In contrast, 
both ASCO and NCCN guidelines recommend annual 
abdominal CT for 3 years after curative resection in patients 
who are considered to be both high-risk and candidates for 
subsequent resection if recurrence is found.22,24 The rec-
ommendations for annual imaging focus on a reduction in 
mortality when imaging strategies are compared to nonim-
aging strategies for surveillance. Earlier identification of 
asymptomatic recurrence allows for curative reoperation and 
improved survival.22,36

In conclusion, there is no clear consensus among pub-
lished guidelines in regards to routine abdominal imaging 
after curative resection. There is strong evidence that early 
identification of hepatic recurrence by CT imaging, particu-
larly in asymptomatic patients, improves survival through 
subsequent curative resection.41 Otherwise, liver recurrence 
left untreated carries a very poor prognosis. The survival ben-
efit demonstrated in patients who undergo curative resection, 
therefore, should prompt serious consideration to imaging 
strategies in patients at high-risk for recurrence.50 Clearly, 
the benefit of liver imaging is best realized when it is used 
as an adjunct to other modes of surveillance (in-office visit, 
CEA), and not as a single strategy.

Endoscopic Surveillance

The options for endoscopic evaluation after curative resection 
include colonoscopy, flexible sigmoidoscopy, and rigid proc-
toscopy with or without endorectal ultrasound (ERUS). The 
full benefit of endoscopic surveillance is clearly dependent 
on clearing the colon and rectum of synchronous neoplasms 
in the perioperative period. Synchronous colorectal polyps 
and cancers occur in 30 and 5% of patients,  respectively, 

and their identification at index colonoscopy may change 
the operative management of a patient.51,52 Preoperative 
colonoscopy, or post-operative colonoscopy within 6 months 
of surgery, is therefore fundamental in the management of 
patients with a newly diagnosed colorectal cancer. After 
curative resection, endoscopic surveillance is designed to 
detect metachronous colorectal neoplasms and early disease 
recurrence. The timing and frequency of this surveillance is 
variable among published consensus guidelines and a source 
of debate.

Metachronous Colon and Rectal Neoplasms

A prior diagnosis of colorectal cancer is a significant risk 
factor for the subsequent development of polyps and/or 
cancer. Unlike colorectal cancer recurrence, which typi-
cally occurs within 2–3 years after treatment, the risk of 
developing metachronous colorectal neoplasms is collec-
tive over the life of a patient. Metachronous polyps occur 
in up to 50% of patients and metachronous cancers develop 
in 2–9% of individuals with a prior colorectal cancer diag-
nosis.53,54 A recent systematic review of post-cancer resec-
tion surveillance by the US Multi-Society Task Force on 
Colorectal Cancer described 137 metachronous colorectal 
cancers among 9,029 patients (approximately 1.5%). Fifty-
seven of the 137 malignancies reportedly occurred within 
24 months of initial resection. Although some lesions likely 
may have been missed synchronous lesions, a high incidence 
of early metachronous cancers were identified. The majority 
of metachronous lesions were asymptomatic, discovered at 
an early stage by endoscopic surveillance, and resected for 
cure. This prompted a joint update by the US Multi-Society 
Task Force and American Cancer Society to recommend 
intraluminal surveillance with post-resection colonoscopy 
1 year after surgery.55 Although metachronous cancers were 
reported within 2 years of surgery, it is understood that they 
can develop over an extended period of time from the initial 
diagnosis and patients generally require long-term endo-
scopic follow-up.56

According to their most recent update for colon and rectal 
cancer surveillance in 2004, the ASCRS Standards Practice 
Task Force has not endorsed the utility of early (1-year) post-
resection colonoscopy. ASCRS practice guidelines indicate 
that the initial posttreatment colonoscopy should occur 3 years 
after resection and at subsequent 3-year intervals.23 Obvi-
ously, clinical judgment recognizes that certain risk factors 
place some patients at greater risk for developing metachro-
nous lesions. This influences the need for endoscopic evalu-
ation with different timing and frequency. Patients who are 
at risk for hereditary colorectal cancer syndromes should 
undergo more frequent surveillance endoscopy. The absence 
of synchronous neoplasms at the initial diagnosis of colorec-
tal cancer confers a lower risk of metachronous lesions.57 The 
physician responsible for index colonoscopy should be con-
sidered in determining the timing of post-resection colonos-
copy, as well. Hyman et al.58 suggest a lower incidence of 
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high-risk metachronous lesions at 1-year post-resection 
colonoscopy if the operating surgeon was responsible for the 
index colonoscopy. Overall, most authors recommend 1-year 
colonoscopy based on the reported higher risk and incidence 
of metachronous neoplasms within 2 years and the reality 
of missed synchronous lesions.42,59 In consideration of the 
risk associated with metachronous lesions, colonoscopy is 
the only option for continued endoscopic surveillance after 
curative resection. All other options are insufficient.

Locally Recurrent Colon Cancer

In addition to the identification of metachronous lesions, 
endoscopic surveillance is also utilized to discover local 
and anastomotic recurrence of colorectal cancer. Unlike 
metachronous colorectal neoplasms, recurrent colorectal 
cancer typically occurs within 2–3 years after initial treat-
ment. There is a distinct difference, however, between local 
recurrence rates of colon cancer and rectal cancer, and their 
respective patterns of recurrence require different approaches 
to surveillance. Endoscopic surveillance for recurrent colon 
cancer has limited utility because of local and anastomotic 
recurrence is unusual. Distal recurrence is much more typical 
and not identifiable by endoscopic surveillance. Intraluminal 
recurrence of colon cancer typically occurs in only 2–4% of 
patients after resection and the time to recurrence is gener-
ally 13–16 months.60 The low incidence of local recurrence 
is recognized by ASCRS practice parameters, and periodic 
evaluation of the colonic anastomosis is not endorsed.23 
Surveillance of metachronous lesions allows for concurrent 
anastomotic evaluation by the visualization of prior surgery 
sites and mucosal biopsy as indicated. The incidence of local 
recurrence is quite low even with poor-risk factors. Har-
ris et al.61 defined factors predictive of local recurrence to 
include advanced stage of disease, poor differentiation, per-
foration, and fistula formation. Nevertheless, routine anas-
tomotic biopsy is not indicated in the absence of mucosal 
abnormality. Unfortunately, local anastomotic recurrence is 
frequently associated with unresectable widespread colon 
cancer recurrence.

Locally Recurrent Rectal Cancer

Locally recurrent rectal cancer is more common than locally 
recurrent colon cancer; yet, endoscopic visualization remains 
limited because of the tendency for local rectal cancer recur-
rence to begin extraluminally. Total mesorectal excision 
(TME) and chemoradiation therapy have both contributed to 
improved tumor clearance and locoregional control of rectal 
cancer. Studies have reported that 5-year local and systemic 
recurrence rates are 4 and 18%, respectively, with TME.62 
Such improvements translate into patterns of recurrence that 
make endoscopic follow-up beneficial in only a small per-
centage of patients because primary anastomotic, or intralu-
minal, recurrence is low assuming proper surgical technique 
is employed. ASCO recommends 6-month endoscopic evalu-

ation by flexible sigmoidoscopy or rigid proctoscopy for rec-
tal cancer recurrence in patients who have not received pelvic 
radiation.22 Although the exact schedule for surveillance is not 
defined, periodic anastomotic evaluation is recommended by 
the most recent ASCRS guidelines. This is despite the fact 
that intraluminal recurrence is relatively low in comparison to 
other patterns of recurrence.26 Local extraluminal recurrence, 
on the other hand, remains a problem for patients after rectal 
cancer resection and typically reflects advanced stage disease 
or incomplete tumor clearance. Circumferential resection 
margins have been validated as an important prognostic indi-
cator for both local and distant failure.63,64 Other factors that 
increase local recurrence and affirm the need for continued 
endoscopic surveillance include lymphovascular or perineural 
invasion and lymph node positive disease.65 As a consequence 
of extraluminal recurrence, post-resection surveillance not 
only requires the ability to evaluate the anastomosis, but the 
ability to look outside the lumen, as well. Visualization of low 
anastomoses by flexible sigmoidoscopy or rigid proctoscopy 
is therefore enhanced with other modalities of endoscopic 
surveillance, such as ERUS.

Practice guidelines for post-resection ERUS have not 
been firmly established in part because operator dependence 
and questions regarding the ability of ERUS to differentiate 
between benign and malignant changes raise concern. Lower 
sensitivity (65%) is reflective of its inability to differentiate 
between benign and malignant changes after surgery and/or 
radiation.66 Of 44 patients with locally recurrent rectal cancer 
following local or radical excision, 80% of recurrences were 
detected on ERUS. Fourteen asymptomatic patients (approx-
imately 30%) were solely diagnosed by ERUS after normal 
digital examination and endoscopic surveillance.67 Further 
studies suggest that ERUS is a useful adjunct to rectal can-
cer surveillance, however, its position in current guidelines is 
lacking until further prospective data confirms its impact on 
survival and changes in patient management.39

Positron Emission Tomography

Positron emission tomography (PET) technology uses 
radiotracers to detect and quantify cellular and biochemi-
cal processes noninvasively. 18F-2-fluoro-2-deoxy-d-glucose 
(FDG) is the most common radiotracer used in oncology. 
FDG concentrates in malignant tissue because of an increase 
in glycolysis compared to normal tissue. This modality is 
frequently combined with CT scans to improve anatomical 
and functional detail. NCCN guidelines do not recommend 
routine surveillance with PET scans in detecting recurrences 
without other evidence of recurrent or metastatic disease.24

However, FDG-PET scanning has developed a role in 
the evaluation of recurrent disease and in the setting of 
suspected recurrence. For those patients who are asymp-
tomatic with an elevated CEA level, the diagnostic sensitiv-
ity and positive predictive value of PET for recurrence is 
95.3%.68 A meta-analysis by Huebner et al., found an  overall 
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 sensitivity and specificity of 97 and 76%, respectively, for 
FDG-PET detecting recurrent colorectal cancer. PET imag-
ing changed management in 29% of the patients.69 More-
over, FDG-PET helps to predict resectability of recurrence 
and improves the selection of appropriate surgical candi-
dates. A randomized study by Sobhani et al.70 added PET 
scan to the surveillance of colorectal cancer patients with a 
high risk of recurrence. These patients had Stage III or IV 
disease who had undergone an R0 resection and completed 
adjuvant chemotherapy. PET scan was performed at 9 and 
15 months compared to the conventional group which had 
a CT scan at those time points. The PET group had a sig-
nificantly shorter time to recurrence (12.1 vs. 15.4 months, 
p = 0.01) and recurrences were more frequently removed for 
curative intent (R0, p < 0.01).70

Abnormal Results

Abnormal results from surveillance prompt further inves-
tigations to detect, confirm, or exclude recurrence. If the 
CEA level rises after resection, management should include 
physical exam, colonoscopy and CT of the chest, abdomen, 
and pelvis. If the work-up is negative, consideration should 
be given to PET scanning as well. Repeat CT scans should 
be done every 3 months until recurrent disease is identi-
fied or the CEA stabilizes or declines.24 Abnormalities may 
require further evaluation, such as biopsies or serial imaging, 
to confirm lesion stability. If recurrence is identified, PET 
scan should be performed and consideration given to further 
resection if possible.

Quality of Life

Surveillance after colorectal cancer resection can be stress-
ful for patients and have a significant impact upon their 
quality of life. Patients undergo many tests that may lead 
to further investigations or treatments. Moreover, these tests 
have a false positive rate and examinations, such as colonos-
copy have associated risks. Various studies have looked at 
the impact of surveillance on the quality of life. A study by 
Kjeldsen et al.71 only found marginal benefit to surveillance 
for health-related quality of life, which did not justify the 
expense of follow-up. In comparison, Stiggelbout et al.72 
reported a positive attitude toward surveillance in that it reas-
sured the patients. Patients experienced slight nervous antici-
pation, but expressed a strong preference for follow-up even 
if it would not lead to earlier detection of a recurrence.

Cost-Effectiveness

When considering an intensive surveillance regimen, expense 
needs to be considered. Since different societies have dispar-
ity among their follow-up regimens, there is a variable cost 
to the insurers. Using 5-year Medicare allowed charges, the 

cost between follow-up regimens varied between $910 and 
$26,717 per patient.73 Another study performed in the UK, 
found that the adjusted extra cost for each patient was $4,288 
and for each life year gained was $5,885.74 Another study 
performed in France, divided the cost-effectiveness of sur-
veillance between Stage I and II disease compared to Stage 
III. Only Stage III patients had a favorable cost-effective 
analysis of 1,058 Euro per quality-adjusted life-years.75

Surveillance Effectiveness  
and Meta-analyses

The effectiveness of surveillance after curative resection is 
based on its ability to detect recurrent and/or metachronous 
disease at a point in time when subsequent curative treat-
ment is successful. Of equal importance is a willing patient 
who is healthy enough to undergo potential therapy. Most 
surgeons would agree that patients should receive some 
degree of follow-up after curative resection of colon and rec-
tal cancer. Some studies have shown that intensive follow-up 
has demonstrated a small but significant survival advantage 
over minimal or no follow-up after curative resection.15,36,76 
Improved detection of resectable recurrence has been dem-
onstrated with intense surveillance, as well.13,77 When com-
pared with minimal follow-up, intense surveillance delivers 
a 5-year improvement in overall survival of 7–10%. The 
process is most likely multifactorial and is thought to be sec-
ondary to earlier detection of both locoregional disease and 
curable liver metastasis. Earlier palliative chemotherapy and 
downstaging of pelvic tumors after radiation therapy also 
play a role.15,76,78

Surveillance strategies, however, are limited because the 
benefits from the independent components of a surveillance 
program are difficult to validate. Strategies are often clas-
sified as “less-intensive” or “more-” or “highly-intensive” 
and there is considerable variability among intensive- 
surveillance groups. The literature does not really define what 
is meant by “more intense follow-up” and this lack of stan-
dardization affects the ability to identify which methods of 
surveillance are truly critical to survival and patient care.78,79 
Although a number of measures are available, the primary 
components of follow-up include history and physical exam-
ination, serial tumor marker measurement, radiographic 
imaging, and endoscopic evaluation. Still, physicians have 
multiple options that can be employed at different frequency 
and intensity.47

Different meta-analyses of the available randomized-
 controlled trials15,36,76,80 show a significant survival benefit 
with intensive surveillance compared to nonintensive sur-
veillance. The meta-analysis by Tjandra et al.76 demon-
strated a significant reduction in overall mortality in patients 
receiving intensive follow-up compared to nonintensive 
follow-up (21.8 vs. 25.7%; p = 0.01). CEA surveillance and 
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 colonoscopy significantly influenced overall mortality, while 
intensive surveillance detected asymptomatic recurrence 
earlier and more frequently. Recurrences that were more 
amenable to curable resection were found more commonly 
during intensive follow-up. In this study, the cancer-related 
mortality was not improved and the survival benefit was not 
related to earlier detection and treatment of recurrent dis-
ease. Due to the disparities between the different meta-anal-
yses, it is not possible to say specifically what frequency or 
combination of surveillance modalities yields the improved 
survival benefit. Table 48-1 summarizes the recommended 
surveillance protocols.

Conclusions

Colon and rectal cancer surveillance after curative resection 
is recommended for patients who can tolerate further surgery 
or therapy if needed. The optimal surveillance protocol has 
not been established, however, general agreement supports 
the use of routine office visits, serum tumor marker mea-
surement, and endoscopic surveillance for post-resection 
follow-up. Although the timing and frequency of surveil-
lance measures is variable, continued follow-up is recom-
mended based on improved overall survival with intensive 
surveillance programs.
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49
Miscellaneous Neoplasms
Robin P. Boushey and Husein Moloo

While adenomas and adenocarcinoma account for the 
 majority of colorectal neoplasms, several other less frequent 
types of malignancy can occur, which can often present as diag-
nostic and therapeutic challenges to the clinician. These tumors 
can be classified based on their tissue of origin and include epi-
thelial, mesenchymal, neural, vascular, or lymphoid tumors.

Carcinoid Tumors

The clinical presentation of carcinoid tumors was first 
described in 1888 by Lubarsch. In 1907, Oberndorfer coined 
the term carcinoid (“karzinoid”) as these tumors were noted 
to behave differently from adenocarcinoma, acting in a more 
indolent fashion. Carcinoid tumors are neuroendocrine in 
origin and originate from Kulchitsky cells in the crypts of 
Lieberkuhn which represent a type of enterochromaffin cell.1 
They belong to the amine precursor uptake and decarboxy-
lation (APUD) system. These cells are argentaffin positive 
(silver staining) and usually argyrophilic meaning they are 
capable of silver staining with the addition of an external 
reducing agent. These cells use various amine precursors 
to synthesize various biologically active compounds that 
exert their biological actions locally and systemically. This 
includes several hormones, neuropeptides, and neurotrans-
mitters such as serotonin, adrenocorticotrophic hormone, 
bradykinin, histamine, dopamine, substance P, neurotensin, 
kallikrein, and prostaglandins E and F.2 As such, in 1969 
Pearse used the term “APUDomas” to describe carcinoid 
tumors. While neuroendocrine tumors of the gastrointestinal 
tract are rare, carcinoid tumors are the most common.

Incidence and Classification

Carcinoid tumors can develop in a wide range of organs 
including the lungs, bronchi, and gastrointestinal tract. 
Approximately 67% arise within the gastrointestinal tract 
and about 25% arise within the bronchopulmonary system. 
The incidence is slightly higher in African Americans and 

there appears to be a higher incidence in females (as high as 
2:1 in some reports). Tumors most commonly occur between 
the fifth and seventh decade of life.

Several classification schemes have been proposed to 
 categorize carcinoid tumors; however, the most commonly 
utilized scheme involved classification based on embryologi-
cal origin. (1) Foregut tumors originating from the lung, bron-
chus, thymus, stomach, pancreas, and duodenum. (2) Midgut 
tumors arising from the small intestine, appendix, and right 
colon. (3) Hidgut tumors arising from the distal colon and 
rectum.1

Within the intestinal tract, midgut carcinoids are most 
common and account for 62% of all carcinoids, while foregut 
and hindgut carcinoids account for 7 and 30%, respectively. 
The greatest density of APUD cells are within the distal 
small intestine, and as such the most common site for a car-
cinoid tumor to develop is within the appendix (35%) and 
small intestine (23%), usually within two feet of the ileoce-
cal valve. Rectal carcinoid tumors account for approximately 
20% of all gastrointestinal carcinoids and account for 1% 
of all rectal tumors. Synchronous carcinoid tumors occur 
in approximately 25% of patients with foregut and midgut 
carcinoids while synchronous carcinoid tumors are rare with 
hind gut tumors. Irrespective of the site of origin, carcinoid 
tumors are associated with an increased incidence of other 
malignant tumors that includes gastric, esophageal, colorec-
tal, lung, prostate, and urinary tract tumors. In some series, 
that estimated incidence to be as high as 50% and is thought 
to be a result of the trophic effects of the various hormones 
and peptides secreted by the carcinoid primary including 
bombesin, gastrin, and cholecystokinin.1

Pathology

Grossly, these tumors have a very typical appearance that 
includes a rounded, well-circumscribed submucosal lesion 
that are yellow in color on sectioning because of the high 
lipid content of the tumor. They are often multicentric and 
<2 cm in size.
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Microscopically, carcinoid tumors are composed of small 
round uniform cells that contain very dense neurosecretory 
granules that are packed with various secretory peptides. 
They generally have benign cytoplasmic features and only 
rare mitotic figures are seen. They have five histologic pat-
terns that include insular, trabecular, glandular, undifferen-
tiated, and mixed. Pathologic analysis alone is rarely able 
to distinguish a benign from a malignant carcinoid tumor, 
although increased cellular atypia, high mitotic activity, or 
necrosis are suggestive of more aggressive tumors and are 
termed atypical/anaplastic carcinoid tumors.

Traditionally, silver staining has been used to confirm 
the diagnosis of carcinoid tumors as serotonin is capable 
of reducing silver salts to metallic silver following carci-
noid cell uptake – so-called argentaffin positivity. Tumors 
capable of uptaking silver salts but not capable of reducing 
silver unless an external reducing agent is added are termed 
argyrophilic. Two distinct type of neurosecretory granules 
have been observed by electron microscopy (EM), a smaller 
granule associated with argyrophil carcinoids and a larger 
one with argentaffin tumors although EM is not routinely 
needed to confirm the diagnosis. Midgut carcinoids are 
mostly argentaffin positive while hindgut carcinoids are usu-
ally mixed with 60–70% being argyrophil and 8–16% being 
argentaffin positive.

Currently, immunohistochemistry techniques are utilized 
to diagnose carcinoid tumors and involve antibodies that 
target various cytoplasmic proteins including chromogranin, 
synaptophysin, and neuron-specific enolase.3

Clinical Presentation

Carcinoid tumors were initially considered indolent tumors 
with limited metastatic potential when initially described 
over 100 years ago. However, it is clear that these tumors 
can lead to significant morbidity and mortality due to local 
tumor growth, distant metastatic spread or through the pro-
duction of various bioactive substances acting both locally 
and distally. Although the carcinoid syndrome is classically 
described as the hallmark of carcinoid tumors, it occurs in 
only 10–18% of all patients with carcinoid tumors and in 
only 50% of individuals with advanced disease. Most patients 
will be symptomatic for a median duration of 2 years prior to 
diagnosis. Up to 90% of symptomatic patients will have an 
advanced tumor often with metastasis.2

Approximately 50% of all gastrointestinal carcinoid 
tumors will be diagnosed following appendectomy. Less than 
1% will have the carcinoid syndrome as the initial clinical 
manifestation. The commonest presentation in patients with 
midgut carcinoid tumors is abdominal pain and occurs in up 
to 40% of individuals while hindgut carcinoids are nonsecre-
tory and almost always asymptomatic and discovered inci-
dentally by the pathologist following polypectomy during 
routine colonic surveillance. Occasionally, larger tumors will 
present with bleeding, obstructive symptoms, and tenesmus.

The clinical manifestations of the carcinoid syndrome 
include episodic flushing, wheezing, nonbloody watery diar-
rhea, abdominal pain, and right-sided heart failure. This can 
be precipitated by several factors including stress and partic-
ular foods including caffeine and alcohol. Serotonin appears 
to be responsible for many of the gastrointestinal symptoms 
including abdominal cramping and intestinal hypermotility 
manifesting as diarrhea and occurs in 80% of patients with 
the carcinoid syndrome. Kallikrein secretion is thought to 
account for wheezing and flushing, the latter occurring in 
85% of affected patients.4 Intestinal obstruction leading to 
possible arterial insufficiency often results from mesenteric 
fibrosis, although the exact mechanism leading to mesenteric 
and retroperitoneal fibrosis has yet to be elucidated. Other 
retroperitoneal structures can be involved including the ure-
ters and Peyronie’s disease has been reported (inflammation 
and scarring of the tunical albuginea). Right-sided heart 
failure due to severe damage to the tricuspid and pulmonary 
valves accounts for 50% of the deaths from the carcinoid 
syndrome. Serotonin and other vasoactive substances have 
been suspected to be responsible as patients with higher 
5-hydroxyindolacetic acid (5-HIAA) levels, a by-product of 
serotonin metabolism, which correlates with increased val-
vular damage.2 The right side of the heart is most commonly 
affected as the lung will inactivate the humoral substances 
prior to exposure to the left side of the heart. Attempts at sur-
gical valvular replacement have been associated with high 
perioperative morbidity and mortality.

Most of the peptide hormones produced and secreted by 
the carcinoid tumor are metabolized by the liver. Therefore, 
a patient with the classic carcinoid syndrome must have a 
tumor with venous drainage into the systemic rather than 
the portal circulation. Patients often have diarrhea or unex-
plained abdominal pain with or without the other classic 
signs of the carcinoid tumor. They are often diagnosed with 
tumors located in the bronchus (with or without metastasis), 
primary gastrointestinal tumor with metastasis to the lymph 
nodes or invasion into the retroperitoneum.5–7 In contrast, 
the diagnosis of asymptomatic carcinoid tumors is usually 
established after the excision of a gastric or colonic polyp 
that is diagnosed pathologically as a carcinoid tumor, or inci-
dentally at the time of appendectomy or laparotomy.

Midgut tumors are most commonly associated with the car-
cinoid syndrome as these tumors produce high levels of sero-
tonin.8 Almost 90% of individuals with the carcinoid syndrome 
will have a midgut carcinoid tumor. Foregut tumors typically 
lack the enzyme needed to convert the precursor compound 
5-hydroxytryptophan into serotonin. Hindgut tumors rarely 
produce 5-hydroxytryptophan or serotonin. Therefore, tumors 
arising from these regions cannot produce the classic carci-
noid syndrome even if metastatic lesions are present.

Atypical or variant carcinoid syndrome can occur in 
patients with gastric carcinoid tumors. Patience will expe-
rience patchy cutaneous flushing and pruritis. Diarrhea, 
bronchospasm, and cardiac lesions are rare. It is thought 
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that the syndrome results from histamine rather than  
serotonin release.2

A life-threatening carcinoid crisis characterized by flush-
ing, severe abdominal pain, diarrhea, hypotension, or hyper-
tension can be precipitated by severe stress including surgery, 
anesthesia, and adrenergic agents. It is recommended that all 
patients with carcinoid tumor wear a medical alert bracelet 
indicating their diagnosis in the event of an accident or the 
need for emergency surgery. This crisis can often be managed 
with short-acting octreotide agents.1

Diagnostic Tests

Biochemical Tests

The most useful and widely used biochemical test for diag-
nosing carcinoid tumors in the symptomatic patient is the 
24-h urine 5-HIAA measurement with a sensitivity and spec-
ificity of 73 and 100%, respectively.2 5-HIAA is excreted 
in the urine after serotonin metabolism and is measured 
more reliably than serotonin levels, which can vary between 
persons. Urinary 5-HIAA levels can be falsely elevated if a 
patient has consumed certain serotonin-rich foods such as 
bananas, pineapples, nuts, and kiwi fruits or following the 
ingestion of various medicines affecting urinary 5-HIAA 
levels. Chromogranin A is a sensitive serum marker but is 
nonspecific for carcinoid tumors and can be elevated in other 
types of neuroendocrine tumors. Platelet serotonin levels 
may be more sensitive than urine or blood tests but is not 
readily available at many institutions.

Imaging Tests

Computerized tomography (CT) scan of the thorax and abdo-
men/pelvis should be performed in symptomatic patients to 
identify the primary tumor and extent of disease. Somatosta-
tin receptor scintigraphy (SRS) scan should be considered in 
most patients to identify occult metastasis in patients being 
considered for curative resection and to determine if the 
patient is likely to respond to octreotide. Approximately 88% 
of carcinoid tumors express receptors (SSTR 1–3) that pos-
sess moderate-to-high affinity for somatostatin and its ana-
logs.5 The ability of SRS to obtain whole body images, along 
with its high sensitivity, makes it the imaging modality of 
choice in patients with carcinoid tumors. However, SRS can 
fail to detect tumor in approximately 10% of patients who do 
not express the somatostatin receptor. Whole body positron 
emission tomography (PET) relies on differential metabolic 
uptake and is used increasingly but no studies have directly 
compared SRS and PET scans. 18F-Dopa-PET imaging is 
more sensitive in identifying the primary tumor and local 
lymph node involvement, while CT and MRI are more sensi-
tive for identifying distant metastasis. Esophagogastroscopy 
and colonoscopy should be considered in patients with meta-
static disease with an unknown primary. Electrocardiography 
and echocardiography should be performed in symptomatic  

and asymptomatic patients to rule out right-sided valvular 
disease and should be performed prior to elective surgical 
resection.

Treatment

Small intestinal carcinoids are often multicentric and located 
in the distal ileum, and associated with the carcinoid syn-
drome.9 Most patients will have metastasized to the regional 
lymph nodes or liver. Size of the tumor correlates poorly 
with predicting distant metastatic disease as tumors less than 
0.5 cm in diameter has been shown to metastasize to the liver. 
Carcinoid tumors greater than 2 cm diameter and are usu-
ally malignant in most locations except in the ileum where 
nearly all tumors will have metastasized. Small bowel resec-
tion including a resection of the mesenteric lymph nodes is 
indicated even in patients with known metastatic disease to 
reduce the likelihood of developing small bowel obstruction 
or mesenteric fibrosis and ischemia. The entire small intes-
tine should be carefully examined at the time of laparotomy 
to exclude the possibility of a synchronous tumor.

Appendiceal carcinoid tumors represent the most common 
tumor of the appendix. Approximately 95% of these tumors 
are less than 2 cm in diameter; nearly 75% of these tumors are 
located in the distal third of the appendix.10 These tumors 
are rarely multicentric and tumor size is the best prognostic 
indicator, with most tumors less than 2 cm rarely metastasiz-
ing to regional lymph nodes or distally. Patients with tumors 
under 1 cm are usually treated by simple appendectomy, as 
long as there is no evidence of local tumor spread. In con-
trast, 30–60% of lesions greater than 2 cm in diameter are 
associated with nodal or distant metastases and will require 
formal right hemicolectomy. The treatment of patients with 
tumor diameter between 1 and 1.9 cm must be individualized 
based on the risk of recurrence vs. the risk of surgery. The 
presence of lymphovascular invasion, involvement of the 
mesoappendix (lymph node involvement or by direct exten-
sion), or a positive margin are poor prognostic indicators and 
usually warrant right hemicolectomy.11

Approximately two-thirds of colonic tumors arise in the 
ascending colon (most in the cecum), and remain asymptom-
atic until they develop into large tumors with nodal spread or 
distant metastasis. Most of these patients will require colonic 
resection and the extent is usually determined by the location 
of the disease.12

Rectal carcinoids are usually asymptomatic and identified 
at the time of routine endoscopy in approximately 50% of 
patients. Symptomatic patients usually have rectal bleed-
ing, tenesmus, pain, constipation, and rarely the carcinoid 
syndrome. Tumor size correlates well with the likelihood of 
metastasis – tumors less than 1 cm in diameter metastasize in 
fewer than 5% of patients. Most tumors greater than 2 cm will 
have metastasized at the time of diagnosis.13 The majority of 
rectal carcinoid tumors are smaller than 1 cm and can usually 
be treated with local endoscopic excision. The  management 
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of tumors 1–2 cm in diameter remains controversial. Some 
authors advocate for more extensive resection in the presence 
of muscular invasion, symptoms at diagnosis, or ulceration. 
Tumors with a diameter greater than 2 cm have traditionally 
been treated by proctectomy.14,15 This approach has recently 
been challenged by several retrospective studies that did not 
demonstrate improved survival beyond that observed with 
local excision. The correct surgical approach to large rectal 
carcinoids must be individualized and must consider factors 
such as patient age and morbid illnesses.

Metastatic Disease

Treatment of liver metastasis is effective in providing long-
term palliation of the hormone-related symptoms in patients 
who do not respond to or tolerate the somatostatin analogs. 
Tumor debulking can involve hepatic resection, cryotherapy, 
radiofrequency ablation, hepatic artery embolization, or 
chemoembolization. Hepatic artery occlusion or chemoem-
bolization can be considered in select patients who are not 
surgical candidates for hepatic resection. Carcinoid tumors 
that have metastasized to the liver are extremely vascular and 
obtain a large proportion of its blood supply from the hepatic 
artery. Occlusion of the hepatic artery results in less com-
promise to the hepatocyte which will continue to receive its 
blood supply from the portal vein. Patients with large tumors 
or tumors refractory to somatostatin usually experience 
marked transient symptom improvement. This procedure can 
be repeated up to four times every 2–3 months in selected 
patients. Attempts at liver transplantation in patients with 
metastatic carcinoid tumor have been associated with high 
perioperative mortality rates and local recurrences, although 
more recent reports suggest improved survival rates. Carci-
noid tumors are slow growing and patients exhibit favorable 
5- and 10-year survival rates despite extensive metastasis.

Systemic Therapy

One of the most important advances in the treatment of 
 carcinoid syndrome has been the development of various 
somatostatin analogs for the diagnosis and treatment of met-
astatic disease.16 More than 80% of carcinoid tumors express 
one of the five subtypes of somatostatin receptors. Although 
five somatostatin receptors have been identified, the benefi-
cial effects of these somatostatin analogs seems to be medi-
ated by the somatostatin receptor subtype 2.17 Activation of 
this receptor results in reduced hormone synthesis and secre-
tion. The 14 amino acid peptide somatostatin has a half-life 
in the order of minutes, making pharmacological dosing dif-
ficult. The somatostatin analog octreotide is an eight-amino 
acid peptide with a longer half-life and retained specificity for 
the somatostatin receptor. Octreotide is effective at control-
ling the hormonal manifestations of the carcinoid syndrome 
and may halt progression of some of the fibrosing effects, 
namely cardiac and mesenteric fibrosis. Initial studies using 
octreotide administered at a dose of 150 mg three times daily 
improved symptoms in 88% of patients and reduced 5 HIAA 

urinary excretion in 72%. Some reports in the literature have 
described a temporary stabilization of tumor growth in as 
many as 85% of patients, suggesting a role of these analogs 
in decreasing tumor progression, but no overall improvement 
in survival rate has been demonstrated.

Long-acting somatostatin analogs, octreotide long-acting 
repeatable (LAR) and lanreotide prolonged release (PR) 
are currently available and can be administered as a depot 
injection.18 Octreotide LAR can be administered at a dose 
of 20 mg intramuscularly (IM) monthly and lanreotide PR 
at a dose of 30 mg IM every 10 days. The most commonly 
reported adverse effects of these analogs include cholelithia-
sis in approximately 50% of patients and tachyphylaxis. The 
effects of these various somatostatin analogs on survival 
rates in patients with metastatic carcinoid syndrome have not 
been reported in a large patient series.19

Cytotoxic chemotherapy has been ineffective in the treat-
ment of metastatic carcinoid tumors.20–24 In a trial by the 
Eastern Cooperative Oncology Group, 118 patients with 
metastatic carcinoid tumor received streptozocin and cyclo-
phosphamide or streptozocin and 5-fluorouracil (%-FU).22 
Response rates, based on reduced urinary 5-HIAA levels and 
tumor regression were 26 and 33%, respectively, but were 
associated with considerable toxicity. The best response to 
chemotherapy have been in patients with aggressive carci-
noid tumors that have been treated in a similar way to small 
cell lung cancer with cisplatin-based chemotherapeutic 
regimens. Combined cisplatin and etoposide therapy led to 
67% response rate in patients with neuroendocrine tumors 
but was less effective in the setting of the less aggressive 
variants of carcinoid tumors.25 Interferon-alpha has been 
shown to provide symptom relief in one-third of patients 
refractory to octreotide treatment. A trial examining the use 
of interferon-alpha in 111 patients with the carcinoid syn-
drome demonstrated reduced urinary 5-HIAA levels in 42% 
and tumor regression in 15% of patients.25 The routine use of 
interferon has been limited by the side effect profile which 
includes fever, weight loss, fatigue, and anorexia.

External beam radiation therapy has not been used exten-
sively in patients with carcinoid tumor, although it has 
proven to be effective in palliative treatment of bone and 
central nervous system metastasis.26,27 However, targeted 
therapy with radiolabeled somatostatin analogs remains a 
very exciting development in the treatment of patients with 
metastatic or inoperable carcinoid tumors. This involves the 
use of radiolabeled somatostatin analogs for SRS scan posi-
tive tumors. Initial results are very encouraging and in the 
phase IIa MAURITIUS study, 90-yttrium-DOTA-lanreotide 
in 70 patients with SRS scan positive tumors resulted in 
 stable disease in 35% and regression in 10%.28

Neuroendocrine Carcinoma

The neuroendocrine (NE) system is comprised of endocrine 
cells found throughout the body including the pancreas, 
thyroid, lung, adrenal gland, as well as the gastrointestinal 
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 system amongst other areas. NE tumors occur most commonly 
in the lung in the form of small cell carcinoma but have been 
reported less commonly in the colon and rectum. In compari-
son with carcinoid tumors that are usually slow growing and 
indolent neuroendocrine tumors, NE tumors of the colon and 
rectum tend to be poorly differentiated high grade tumors, 
highly aggressive, and associated with a poor prognosis. In 
fact, many poorly differentiated adenocarcinomas are prob-
ably NE tumors when stained appropriately for the various 
enteroendocrine cell markers such as chromogranin and 
synaptophysin. It is important to differentiate these tumors 
from other small cell cancers such as lymphoma. An exten-
sive metastatic workup is critical to determine an appropri-
ate treatment plan as up to two-third of patients will have 
metastasis at the time of diagnosis. Multimodality treatment 
is indicated and involves surgical resection when possible 
for curative intent, with adjuvant chemotherapy and radia-
tion treatment being utilized. Chemotherapeutic agents used 
to treat small cell cancer of the lung are often effective in 
treating these tumors.29

Melanoma

Melanomas of the gastrointestinal tract can be divided into 
(1) metastatic melanoma usually from a cutaneous neoplasm 
or more rarely (2) a primary GI melanoma.

Metastatic Melanoma

Melanoma is one of the most common cancers to metasta-
size to the GI tract and studies have documented that the 
majority of these are to the small intestine (up to 67%), fol-
lowed by the colon (up to 15%) and stomach (5–7%).30–34 
Although there is a high rate of metastases, less than 5% of 
patients with melanoma are diagnosed with a GI metastasis, 
but based on autopsy studies the GI system may be second 
only to lung in terms of site of spread.35 Once a melanoma 
metastasizes, it carries a poor prognosis with usually less 
than 6 months survival; however, gastrointestinal metastases 
may be symptomatic and present with bleeding, obstruction, 
or most commonly pain.33–35

Evaluation of a patient with a history of melanoma who 
presents with obstructive symptoms or anemia may include 
colonoscopy, upper endoscopy, upper GI series with a small 
bowel follow through. CT scanning can be useful but sensi-
tivity has been estimated at around 60% – one study identi-
fied four patterns of small bowel involvement based on CT 
including (1) intraluminal mass, (2) mesenteric implants caus-
ing compression of the lumen, (3) ulcerating lesions, and (4) 
diffuse infiltration.36 PET scanning can also be used to help 
identify metastatic disease.37 One study found that only 6% 
of patients had evidence of GI metastases when CT scanning 
for staging was routinely used and all of these were thought to 
be liver metastases.38 In patients who have already developed 
metastatic disease, if a patient is not symptomatic, looking for 
these lesions in the GI tract is likely not going to alter manage-
ment and therefore probably should not routinely be done.

When patients present with symptoms, intervention in 
selected patients is likely beneficial even though it will be 
done for palliative purposes. Studies from various institu-
tions have found that the majority of patients selected for 
an operation benefit from a surgical intervention with an 
acceptable morbidity and mortality rate.33,39–41 Symptom 
improvement varies between 79 and 97% in published stud-
ies. The most common procedure is usually a small bowel 
resection. The mortality rates in these studies ranged from 
1.5 to 3%.33,39–41 In a multivariate analysis in one study com-
plete resection of all disease as well as a low preoperative 
serum LDH was predictive of long-term survival – 38% of 
patients  survived to 5 years.41

In summary, in terms of lesions metastatic to the GI tract, 
melanoma is common. However, it is not common to oper-
ate on patients with metastatic melanoma to the GI tract. If 
a patient is symptomatic, even though the resection may be 
considered palliative, there is improvement in symptoms in 
the majority of patients who are selected to go to the operat-
ing room.

Primary Melanoma

A primary melanoma of the gastrointestinal tract is rare but 
can occur in the esophagus, small intestine, rectum, and 
anus.35,42 Of these, the anus is the most common location. 
There are very few case reports of primary colonic mela-
noma.43,44 Compared to cutaneous melanomas, gastrointes-
tinal lesions carry a worse prognosis – this may be related 
to the fact that they are discovered at a more advanced stage 
when they become symptomatic.45

The diagnosis of a primary gastrointestinal melanoma is 
made if after a thorough search there is no cutaneous mel-
anoma identified. In addition, a solitary lesion in the gas-
trointestinal tract should be present without any metastatic 
disease to be confident in calling it a primary.

Melanoma affecting the rectum or anus is rare with an esti-
mated incidence of 1–2 cases/million per year.35,46 Although 
the rate is low, it ranks third in terms of site of primary mela-
noma (skin and ocular melanoma being first and second).46 
Cumulatively these represent less than 1% of malignancies 
discovered in the anus and rectum. In contrast to cutaneous 
melanomas, there does not appear to be a relationship to sun 
exposure; women may be at higher risk compared to males 
and individuals are usually in their seventh decade.45

The diagnosis of anorectal melanoma can be difficult – 
many patients have bleeding which is usually thought to be 
secondary to hemorrhoids. Other symptoms include pain, 
tenesmus, and change in bowel habit. Weight loss, decreased 
energy, and other systemic signs may suggest metastatic dis-
ease. Most of these lesions are pigmented; however, up to 
a third may be a amelanotic.35 Morphologically, these can 
present as ulcerated or polypoid lesions and can be mistaken 
for thrombosed external hemorrhoids. Incidental diagnosis is 
sometimes made after a routine hemorrhoidectomy is done 
underscoring the importance of a careful anorectal exam on 
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every patient who presents with issues in this area. Biopsy 
can be done of any suspicious lesion or ulceration present. 
The only chance for cure in these patients is early diagnosis 
and excision.47 Unfortunately, the prognosis for these patients 
is poor. Five-year survival is estimated to be 6% and median 
survival after diagnosis is 12–18 months.35 Approximately 
half of these patients will present with metastatic disease and 
20% will have gross inguinal lymphadenopathy.48

The surgical approach to this disease is made difficult 
because of the poor prognosis and it does not seem to be 
based on recent case series that radical excision (APR) 
results in better survival compared to local excision.49–51 If 
a patient has a tumor that is invading into the sphincters and 
causing intractable pain, then a patient like this may benefit 
from an APR. In patients who are having only local symp-
toms, a local excision is a reasonable approach. Again, based 
on retrospective reviews there does not seem to be a survival 
advantage with a radical approach.

Chemotherapy thus far has been disappointing. Most of 
the information regarding the use of chemotherapy is based 
on the experience with cutaneous melanomas. Dacarbazine, 
levamisole, and BCG have not yielded survival advantages 
and two meta-analyses examining the use of interferon-
alpha have not demonstrated a consistent advantage with 
its use.52,53 Combined use of dacarbazine, nimustine, cispl-
atin, and tamoxifen plus interferon-beta has been described 
but not surprisingly can result in significant toxicity to 
the patient.54 Molecular-based therapy targeting tyrosine 
kinase receptors may lead to better survival in the future, 
but at the present time there is not enough data to support 
its routine use.55

Overall, anorectal melanoma is a “bad actor.” It is associ-
ated with a poor prognosis and at the present time there is not 
a good treatment that provides long-term survival. Careful 
examination of all patients who present to the clinic with any 
type of anorectal complaint is important and biopsy of suspi-
cious lesions should be done early. In the case of anorectal 
melanoma, the only chance for cure is an early diagnosis.

Gastrointestinal Stromal Tumor

The concept of “GIST” (gastrointestinal stromal tumor) 
was first introduced by Mazur and Clark in 1983.56 They 
used immunostaining and electron microscopy to show that 
tumors that had previously been described as leiomyomas or 
leiomyosarcomas (using light microscopy) actually did not 
have smooth muscle or Schwann cells. The cell of origin is 
thought to be the interstitial cell of Cajal. An important arti-
cle regarding mutations in the protooncogene c-kit in GISTs 
was written by Hirota et al.57 This author along with Hei-
nrich et al. described mutations in platelet-derived growth 
factor receptor a (PDGFRa another tyrosine kinase).58 Muta-
tions of c-kit and PDGFRa are thought to be two different 
pathways to the formation of GISTs. Over 90% of GISTs 
have a mutation in c-kit and up to 10% have a mutation in 
PDGFRa.59

Microscopically, spindle cells are usually seen. CD117 
(immunohistochemical marker for KIT) is a very sensitive 
and specific marker for GISTs. CD34 is seen in approxi-
mately 70% of GISTs. If CD117 is negative but the appear-
ance microscopically is consistent with a GIST, the diagnosis 
can be made if staining for S100, SMA, and desmin are 
negative.60

GISTs represent the most common mesenchymal tumor 
of the GI tract. They tend to occur in the middle aged and 
elderly (mean age of 60) with men affected more often.61 It 
should be noted that pediatric cases have been reported.62 
The stomach is the most common site followed by the small 
intestine. GISTs can also be seen in the rectum but rarely 
in the colon. When considering small intestinal GISTs the 
jejunum is the most common location followed by the ileum. 
Duodenal lesions are usually in the second part. Tumors in 
the stomach have a lower rate of malignancy (20%) com-
pared to lesions in the small and large bowel (40%). It is 
rare to find a GIST of the esophagus and these are usually 
leiomyomas.59,60,63

Most GISTs occur sporadically but there are some 
hereditary entities to consider. Carney’s triad consists of 
(1) synchronous or metachronous GISTs, (2) extra-adrenal 
paraganglionomas, and (3) pulmonary chondromas.60,63 It 
is usually seen in women before age 30 and interestingly 
no mutation in KIT or PDGFRa have been identified.64,65 
Patients affected with neurofibromatosis type I more com-
monly are affected with GISTs and also present at a younger 
age than the sporadic cases. These usually present as multi-
ple small intestinal tumors.66,67 In these patients as well there 
has been no KIT/PDGFR mutation identified.60,63

A recent autopsy series found that one in four patients 
over the age of 50 had small GISTS located near the gastroe-
sophageal junction. These have been termed “GIST tumor-
lets” and are thought to be clinically insignificant lesions that 
would need some additional stimulus to evolve into some-
thing that would be clinically significant.68

Clinical presentation will depend on the location and size 
of the tumor.63,69,70 Symptoms are usually nonspecific and 
can include dyspepsia, bleeding, and pain. Advanced lesions 
can present as a palpable mass. Not surprisingly, increased 
symptoms are associated with increased size. In a study from 
Sweden, the median size was 8.9 cm in symptomatic patients 
compared to 2.7 cm in asymptomatic individuals.63

Lesions are usually submucosal – as a result imaging is 
the most important tool in making the presumptive diagno-
sis. Final diagnosis is usually made once the pathologist has 
the specimen. Imaging modalities that can be used include 
CT, MRI, PET, and endoscopic ultrasound. CT and MRI 
(low intensity on T1, high intensity on T2) scanning are often 
used.71 GISTs usually involve the muscularis propria and an 
intramural mass that is well circumscribed is the characteris-
tic appearance. In tumors that are larger, there can be areas of 
central necrosis. Percutaneous biopsy with fine or core nee-
dle aspiration is not recommended since  neovascularisation 
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is associated with these tumors and hemorrhage can occur 
if they are biopsied. In addition, there is the possibility of 
tumor rupture and spread.63 If the tumor is large and extend-
ing into the mesentery or other adjacent structures it can be 
difficult to discern if it is a lymphoma or sarcoma that is the 
underlying problem. Metastases are most commonly seen in 
the liver and peritoneum. Lymphatic spread is not common 
and therefore lymphadenopathy is not usually seen.72 Lung 
and bone metastases have seen in advanced cases. CT scan is 
usually best for staging and for determining if there is poten-
tial for surgical resection.73 PET is not normally required for 
diagnosis or determining resectability but can be used to see 
if there has been a response to treatment.73 Endoscopy as well 
as endoscopic ultrasound for lesions that are within reach of 
a scope is likely a good idea to visualize the mass for opera-
tive planning as well as biopsy the tumor if possible – this 
can potentially change treatment if biopsies return with lym-
phoma. Endoscopic ultrasound-guided fine needle aspira-
tions have a higher rate of diagnosis compared to endoscopy 
alone but fine needle aspiration with endoscopic ultrasound 
is controversial because it still carries similar risks to percu-
taneous biopsy described earlier.74,75

The treatment of GIST can be divided into (1) surgical 
resection and (2) imatinib and sunitinib. Ideal surgical man-
agement involves resection of the tumor en bloc with any 
other associated contiguous involvement with microscopi-
cally negative margins.76,77 In order to attain a microscopi-
cally negative margin a gross margin of at least 1 cm is 
suggested. Even after a complete resection there is a high 
recurrence rate,78 and therefore adjuvant therapy with ima-
tinib should be considered.

When rectal GISTs specifically are considered, the symp-
toms associated are bleeding, pain (abdominal or rectal), 
or mass found on DRE or with endoscopy. Consistent with 
other GISTs at other sites, the larger the size, the more symp-
tomatic a patient is. Complete excision is the best treatment 
including any pseudocapsule that is present. High local 
recurrence rates exist and are higher with wide local excision 
when compared to abdominoperineal resection or anterior 
resection.79 Another modality that could be used is transanal 
endoscopic microsurgery as long as the surgeon is confident 
in being able to perform a complete excision. GISTs do not 
typically spread lymphatically and therefore a wide excision 
of the mesentery is not necessary; however, an en bloc resec-
tion of the tumor with microscopically negative margins is 
important.

If a complete resection is not possible due to the size of the 
tumor there are multiple reports involving the neoadjuvant 
use of imatinib which have decreased the size of the tumor to 
a point where surgical resection becomes feasible – at least 
50% of patients will have tumor shrinkage.80–82 CT scan can 
be used to follow these patients and judge the response to 
treatment. A trial being done by the RTOG (Radiation Ther-
apy Oncology Group) is looking at this question and patients 
are given neoadjuvant imatinib therapy for 2–6 months in 

patients who present with large tumors that would likely 
require additional organ resection.82 One additional ben-
efit that is being considered with this neoadjuvant therapy 
is whether it will decrease the vascularity of the tumor and 
make the operation safer. It should be remembered that up to 
15% of GISTs will be resistant to imatinib, and therefore the 
lesion could theoretically grow bigger and become unresect-
able while neoadjuvant therapy is being done. Also, a tissue 
biopsy in the form of fine needle aspiration usually needs to 
be done prior to an oncologist agreeing to give neoadjuvant 
treatment and this can lead to some of the issues that were 
mentioned earlier in this section.

With respect to prognosis, tumor size and mitotic rate are the 
most important parameters. A tumor with less than 5 mitoses 
per 50 high-powered fields is usually benign acting although 
there are a small number that may metastasize. Lesions with a 
diameter of less than 2 cm are almost always benign.60

When GISTs recur or are metastatic the treatment algo-
rithm is similar. Usually, Imatinib will be used first and 
then the response to this treatment evaluated radiologically. 
If patients respond, then lifelong treatment can be used. In 
patients presenting with metastases, 45% will have a partial 
response and 30% will have stable disease. Imatinib has had 
a big impact with respect to survival as median survival with 
metastatic disease is 5 years; it used to be 15 months after 
resection of recurrent GIST when imatinib was not available. 
Imatinib does not offer a cure, and therefore surgery can be 
attempted. In addition, by utilizing surgery there may be a 
delay in resistance of the tumor to Imatinib.59,60,63

In patients that do not respond to Imatinib one option can 
be to increase the dose from 400 to 800 mg per day if the 
patient is only receiving the 400 mg dose. Sunitinib can be 
used as a second line treatment. In a prospective random-
ized trial that compared sunitinib to a placebo in patients 
with imatinib resistance, there was a longer time to tumor 
progression in the Sunitinib group.63 These patients also had 
longer overall survival. With respect to other options, GISTs 
are considered to be resistant to radiation. Palliative treat-
ment could be considered for rectal GIST. Radiofrequency 
ablation for lesions in the liver can be attempted. Hepatic 
artery embolization can also be done for unresectable liver 
metastases. Other chemotherapy regimens have not been as 
successful as Imatinib and Sunitinib. Vatalanib and Dasatanib 
are other tyrosine kinase inhibitors that are being studied.63

Leukemia and Neutropenic Enterocolitis

All forms of leukemia can lead to infiltration of the gastro-
intestinal tract. Most commonly, the ileum, appendix, and 
colon are affected due to their higher concentrations of lym-
phatic tissue.83,84 Involvement can result in diarrhea, pain, 
obstruction, colitis, or watermelon colon.83,85 The infiltration 
can lead to lesions ranging from ulcers to polypoid lesions 
which can cause obstruction not only from the mass itself but 
also from intussusception.86 Anorectal complications include 
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plaques, fistulas, ulcers, fissures, and abscesses.87 Since there 
is a high risk of creating infectious complications in patients 
with leukemia and receiving chemotherapy, instrumentation 
of the rectum should be avoided if possible.87

Neutropenic enterocolitis is a complication that is most fre-
quently seen after the chemotherapy for leukemia. It has been 
seen in a variety of malignancies – solid and hematologic –  
secondary to the chemotherapy regimens.88–93 Numerous 
agents have been implicated although cytotoxic agents are 
mainly involved. The small bowel, appendix, and colon can 
be involved,94,95 and the organisms involved include Staphy-
lococcus Aureus, Acinetobacter, Enterobacter, Aspergillus, 
Pseudomonas, Candida, Klebsiella, and Morganella.96,97 The 
overall pathogenesis involves a combination of mucosal 
injury, neutropenia, and decreased defense against gastroin-
testinal bacteria.96,97 There has been one systematic review 
which reported a 5.3% pooled incidence rate in patients who 
were hospitalized for the treatment of hematologic/solid 
malignancies or aplastic anemia.98

Fever and abdominal pain in the setting of neutropenia 
(absolute neutrophil count less than 1,500/mm3) is the triad 
of findings associated with this diagnosis.96,97 Other findings 
can include nausea and vomiting, diarrhea, and distention. 
Abdominal pain and tenderness can be diffuse but is often 
localized to the right lower quadrant. CT scanning can show 
bowel wall thickening, edema/hemorrhage, pneumatosis, 
free fluid, and free air. Imaging can help decrease the use of 
nontherapeutic laparotomies and help identify other etiolo-
gies for the pain.96,97 Ultrasound can be used and there are 
characteristic patterns associated with neutropenic entero-
colitis such as “doughnut like hypoechoic, fluid-filled intes-
tinal lumen separated from a thickened bowel wall by a thin 
mucosal layer.”98 One study demonstrated that using high 
resolution ultrasonography systematically decreased the 
time between fever and the diagnosis of neutropenic entero-
colitis (3 days vs. 9 days, p = 0.01).99 Further, with the use 
of systematic ultrasound, mortality appeared to be reduced. 
Ultrasound studies have also shown that bowel wall thicken-
ing appears to be related to a longer duration of symptoms 
and a higher mortality rate compared to patients without this 
sonographic finding.99

There is no high level evidence to guide the treatment 
of neutropenic enterocolitis.98 In patients that do not have 
peritonitis or perforation can likely be managed medically 
initially. Conservative management consists of hydration, 
bowel rest, a nasogastric tube if there is a significant ileus, 
TPN, and broad spectrum antibiotics. Granulocyte colony 
stimulating factor may be a consideration.97,98

If a patient requires exploration, treatment usually con-
sists of a bowel resection and an ostomy since complications 
have been reported if primary anastomosis is performed on 
leucopenic patients.100, 101 In addition, there may be mucosal 
necrosis even though the serosa may only appear edematous. 
Based on the systematic review, there is no good evidence to 
determine the optimal surgical approach.98

Overall, there is not good evidence to guide management 
as a systematic review has shown. In patients who present 
with fever, abdominal pain, and neutropenia a CT scan or 
ultrasound should be done as soon as possible. Further treat-
ment depends on the clinical scenario, but broad spectrum 
antibiotics should be initiated.

Lymphoma

The gastrointestinal tract is the most common site of extra-
nodal lymphoma.102 Primary colorectal lymphoma is rare 
accounting for 15–20% of GI lymphomas (stomach 50–60%, 
small bowel 20–30%).103 Diffuse large B-cell lymphoma is 
the most common histologic type seen in the colon with 
the second most common type being MALT-associated 
low-grade B-cell lymphoma.103,104 It should be noted that 
colorectal lymphomas do not have the association with H. 
Pylori like their gastric counterpart. As a result, they cannot 
be treated with H. Pylori eradication therapy.102 In terms of 
staging, the modified Ann Arbor staging system is usually 
used. HIV, EBV, prolonged steroid therapy, and inflamma-
tory bowel disease have been suggested as possible risk fac-
tors.105 Dawson’s criteria has been used for the diagnosis of 
primary colorectal lymphoma.106

Patients are usually between the ages of 50 and 70 with a 
slight male predominance (1.5:1). Weight loss and abdomi-
nal pain are the most common symptoms at presentation and 
many patients present with a palpable mass as these tumors 
often progress without symptoms until reaching a large size. 
Interestingly, although reaching a large size, they rarely 
cause obstruction or perforate. Gastrointestinal bleeding can 
also be seen in 20–30% of cases.102,107,108

Most colonic lesions are found in the cecum and ascending 
colon with 70% of colorectal lymphomas occurring proxi-
mal to the hepatic flexure likely because of the increased 
lymphoid tissue in this area of the bowel.104, 109–111 Treatment 
involves a multidisciplinary approach using surgery and che-
motherapy. Surgical excision still appears to the main treat-
ment for this disease as it provides staging information as 
well as the chance for cure (with or without chemotherapy). 
It also helps avoid possible complications such as bleeding 
or obstruction.104,112,113

The role of chemotherapy as the initial treatment has not 
been studied except for some series in which there have been 
patients included in whom surgery was contraindicated.104,112,113 
In these patients, there was no benefit shown compared to 
the patients in groups receiving surgical therapy or combined 
therapy. Radiation therapy is used in selected cases. Five-year 
survival rates range between 27 and 55%.100–102,104 While one 
study suggested that patients with tumors larger than 5 cm or 
are lymph node positive have the worst prognosis.114
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Pediatric Colorectal Disorders
Marc A. Levitt and Alberto Peña

Hirschsprung’s Disease

Hirschsprung’s disease (congenital megacolon) is an anom-
aly characterized by functional partial colonic obstruction 
due to the absence of ganglion cells. It occurs in approxi-
mately 1 in 5,000 births. Boys are more frequently affected 
than girls and it is more common in caucasians.1 The func-
tional disturbances in this condition are attributed to the 
absence of ganglion cells from the Auerbach’s myenteric 
plexus (located between the circular and longitudinal lay-
ers of smooth muscle of the intestine), the Henle’s plexus 
(located in the submucosa), and the Meissner’s plexus (in 
the superficial submucosa). The absence of these cells most 
probably produces uncoordinated contractions of the affected 
colon, which translates into a lack of relaxation of the colon 
that result in partial colonic obstruction.

The length of the aganglionic colonic segment varies. In 
the most common type, it includes the rectum and most of 
the sigmoid colon. Nearly 80% of all patients suffer from 
this type. In approximately 10% of the patients, the agan-
glionosis extends to the area of the splenic flexure or the 
upper descending colon. Total colonic aganglionosis occurs 
in another 8–10% of the patients. In those cases, the absent 
ganglion cells sometimes extend to the distal terminal ileum. 
In the rather controversial condition of “ultrashort” agangli-
onosis, the ganglion cells supposedly are lacking for only a 
few centimeters above the pectinate line. Very rarely, one 
can see patients who suffer from universal aganglionosis, 
meaning that ganglion cells are absent in the entire gastroin-
testinal tract, which is a lethal condition, unless the patient 
undergoes intestinal transplantation.

The clinical manifestations are those of a partial colonic 
obstruction. In addition, these patients suffer from a poorly 
characterized immunologic mucosal defect that may explain 
why they can get an inflammatory process called enterocoli-
tis, which is the main cause of death. In addition, fecal stasis 
seems to promote the proliferation of abnormal colonic flora 
as well as production of endotoxins that contribute to the 
aggravation of the clinical condition.

Usually the patient becomes symptomatic during the first 
24–48 h of life. Delayed passage of meconium (more than 
24 h), abdominal distention, and vomiting are the most com-
mon symptoms. A rectal examination may produce explo-
sive passage of liquid bowel movements and gas, which 
dramatically improves the baby’s condition. This clinical 
improvement only lasts for a few hours, following which, the 
symptoms recur. If the colon is not decompressed, the infant 
usually suffers from sepsis, hypovolemia, and endotoxic 
shock. Cecal perforation may occur. About 25–30% of these 
babies die when unrecognized or not treated. Patients that 
do survive unrecognized and without treatment, ultimately 
develop the classic clinical picture initially described for 
this condition. They suffer from severe constipation, a huge 
megacolon, and an enormously distended abdomen, a clini-
cal situation that is extremely rare nowadays in developed 
countries. Occasionally, these patients are misdiagnosed as 
suffering from idiopathic chronic constipation. In the latter 
condition, the patients are not seriously ill, and it is very com-
mon for them to suffer from overflow pseudoincontinence 
(encopresis). A rectal examination discloses a rectum full of 
fecal matter. Patients with Hirschsprung’s disease on the other 
hand usually suffer from malnutrition, and a lack of normal 
development. They usually have an empty, aganglionic, and 
narrow rectum, and they do not suffer from soiling.

The presence of distention, vomiting, and delayed pas-
sage of meconium in a newborn must alert the clinician to 
the diagnosis of Hirschsprung’s disease. An abdominal film 
shows massive dilatation of small bowel and colon. A con-
trast enema is used to clarify the diagnosis. The catheter for 
the study should be introduced only a few centimeters into 
the rectum in order to be able to visualize the nondilated 
aganglionic segment of the rectosigmoid, followed by a tran-
sitional zone and then a proximal dilatation. These typical 
changes are often not obvious during the neonatal period. 
The older the patient, the more obvious the size difference 
between normal and aganglionic segment. In patients with 
total colonic aganglionosis, the entire colon is not distended; 
the dilatation affects the small bowel only.
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The definitive diagnosis by a rectal biopsy is based on both 
the histological absence of ganglion cells, and the presence 
of hypertrophic nerves. Acetylcholinesterase staining used 
by some centers is also abnormal. The biopsy can be taken 
full-thickness under direct vision, or a suction biopsy can 
be performed. The specimen, however, must include mucosa 
and submucosa.

Medical Management

Colonic decompression and irrigation with saline solution 
is the most valuable tool for the emergency management of 
newborns. This maneuver may dramatically improve a very 
ill neonate. Irrigations should not be confused with enemas. 
An enema is a procedure in which an amount of fluid is 
instilled into the colon. In a normal patient, it is expected that 
this fluid will be spontaneously expelled. However, patients 
with Hirschsprung’s disease are incapable of expelling this 
fluid and, therefore, enemas are contraindicated. A colonic 
irrigation, on the other hand, promotes the expelling of the 
rectocolonic contents through the lumen of a large rubber 
tube, which is cleared with small amounts of saline solu-
tion. Rectocolonic irrigations may save the baby’s life but of 
course are not the ideal long-term form of treatment. Once 
the histologic diagnosis has been established, the irrigations 
must continue in preparation for the surgical treatment.

Surgical Treatment

The basis of the surgical treatment consists in the resection 
of the aganglionic segment and pull-through of a normogan-
glionic segment to be anastomosed just above the anal canal, 
immediately above the pectinate line. This should guarantee 
the preservation of bowel control as the anal canal and sphinc-
ters are preserved. There are several ways to achieve these 
basic goals. The surgical treatment has evolved significantly 
since 1948 when the first surgical technique was described.1

Originally, these patients were subjected to a staged 
approach. The first stage consisted in the opening of a divert-
ing colostomy, usually in the transverse colon. The second 
stage included the resection of the aganglionic segment and 
pull-through of the normoganglionic bowel, and the third 
stage was the colostomy closure. Subsequently, surgeons 
adopted a two-stage modality that included the opening of 
the colostomy during the newborn period at the level of 
the ganglion cells. The second stage consisted in the pull-
through, leaving the patient without a colostomy.

More recently, the treatment most commonly used consists 
in a neonatal primary procedure without a protective colos-
tomy.2,3 This approach is less invasive and avoids the mor-
bidity of a stoma and multiple surgeries. This can be done 
with a transanal approach alone (Figure 50-1).4,5 or with the 
addition of laparoscopy to the transanal approach.6 However, 
approaches may vary from country-to-country and with the 
surgeon’s experience. In addition, a primary procedure, with-
out a protective colostomy requires the presence of an expe-
rienced clinical pathologist, familiar with the interpretation 
of frozen sections. Also, in the case of a very ill, low-birth 
weight newborn, or a very sick baby, with enterocolitis unre-
sponsive to the irrigations, a colostomy is still the optimal way 
to protect the patient. If a two-stage approach is chosen, in the 
presence of an experienced pathologist, the colostomy must 
be opened in a normoganglionic portion of the colon. In the 
absence of an experienced pathologist, the surgeon must open 
the colostomy, proximal to the transition zone in the right 
transverse colon or with an ileostomy. In the event of a colon 
that is not dilated, the patient should receive an ileostomy.

The definitive procedure (resection of the aganglionic seg-
ment and pull-through of the normal ganglionic colon) can 
be done in different ways. Swenson and Bill1 described their 
operation consisting in an intra-abdominal resection of the 
aganglionic segment including a part of the normoganglionic 
dilated colon, and pull-through of a normoganglionic bowel, 
with a coloanal anastomosis of the normoganglionic bowel 
to the rectum, above the pectinate line. Nowadays, this can 
be done transanally.

Figure 50-1. Transanal procedure.
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Duhamel7 described an operation designed to avoid pelvic 
dissection and potential nerve damage. He proposed to pre-
serve the aganglionic rectum, dividing the colon at the peri-
toneal reflection. The normoganglionic colon is then pulled 
through a presacral space, created by blunt dissection and 
anastomosed to the rectal wall above the pectinate line.

Soave8 designed a procedure consisting in an endorectal 
(submucosal) dissection of the aganglionic colon, leaving 
a seromuscular cuff. He carried this dissection down to the 
rectum above the pectinate line. The normally innervated 
colon is passed through the muscular cuff and anastomosed 
to the rectum. The purpose of this operation, again, was 
to avoid the perirectal dissection and its potential negative 
effects due to denervation of pelvic organs. This is now 
done transanally4,5 sometimes with laparoscopy6 and is the 
most commonly chosen technique worldwide.

The original Soave procedure was performed in two 
stages. During the first stage, the colon was pulled down 
but was not anastomosed to the rectum. It was left protrud-
ing outside the rectum. In the second stage, a week later, 
the protruded bowel was resected and the anastomosis 
was performed. Subsequently, Boley9 proposed a primary 
anastomosis.

The abdominal portion of all of these operations can be 
done laparoscopically.6,10,11 The technique of a seromuscu-
lar biopsy done laparoscopically has an important limitation 
in that it may avoid sampling the submucosa. We advocate 
for a full-thickness biopsy which includes submucosa.12 It 
is possible to have ganglion cells in the muscularis but have 
hypertrophic nerves in the submucosa. Thus the wrong posi-
tion for the pull-through could be selected.

In 1998, de la Torre and Ortega4 and subsequently in 1999 
Langer et al.5 reported the novel transanal approach for the 
management of this condition. They demonstrated that the 
whole procedure can be done transanally provided the transi-
tion zone is in the sigmoid. If not, laparoscopy can be added 
for splenic flexure mobilization. A special retractor (Lone Star 
Retractor, Lone Star Medical Products®, Stafford, TX, USA) 
is very helpful to expose the dentate line and anal canal.

We recommend the use of multiple fine sutures taking the 
rectal mucosa 1 cm above the pectinate line, taking great 
care to preserve it. These allow the surgeon to exert a uni-
form traction on the rectal mucosa (Figure 50-2). Periph-
eral to this series of silk stitches, an incision is performed 
with cautery and a circumferential dissection of the rectum 
is performed applying uniform traction (Figure 50-3). The 
dissection can be performed submucosally (Soave-like) or 
full-thickness (Swenson-like) and is carried up through the 
peritoneal reflection. As the surgeon progresses in the dis-
section, full-thickness biopsies are taken to determine the 
place where the normoganglionic portion of the colon is 
reached. If laparoscopy was used to start the case, the gan-
glionic level is already known. The peritoneal reflection is 
soon found. The normoganglionic bowel is transanally anas-
tomosed to the anal canal, 1 cm above the pectinate line. 

Since the majority of patients have a transition zone in the 
sigmoid colon, it is possible to repair the entire defect using 
this technique, without a laparotomy or laparoscopy.4,5 When 
the transition zone is located higher, the surgeon determines 
when he or she needs a laparoscopic-assisted procedure or a 
laparotomy. We specifically recommend resecting not only 
the aganglionic segment of the colon but also the very dilated 
part of the colon since a very dilated colon also has very poor 
peristalsis.

Complications and postoperative sequelae can be divided 
into two categories: preventable and nonpreventable. An algo-
rithm to the approach to post pull-through Hirschsprung’s 
patients with problems is shown in Figure 50-4. Preventable 
complication should not occur since they are due to technical 
errors. A feared preventable sequela is fecal incontinence. 
This is most likely related to injury to the continence mecha-
nism.13 All these procedures were originally designed to 
prevent this from happening, providing they are performed 
correctly. The key factors are preservation of the dentate line 
and not overstretching the sphincters. Dehiscence, retraction, 
stricture, abscess, and fistula are all considered preventable 
since they are usually due to technical errors (Table 50-1).14 
During the pull-through, the surgeon must be familiar with 
the manipulation of the blood supply and the arcades of 
the colon in order to guarantee a good blood supply in the 

Figure 50-2. Multiple fine sutures taking the rectal mucosa 1 cm 
above the pectinate line, allowing the surgeon to apply uniform 
traction on the rectal mucosa.
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pulled-through colon. The anastomosis should be done with-
out tension.

A relatively nonpreventable complication is enterocolitis 
unless there is an anatomic explanation, such as a stricture 
causing stasis. This is also an unpredictable, and a rather 
mysterious condition. Despite receiving a technically ade-
quate operation, patients may suffer from enterocolitis. 
The frequency of this condition varies15 and its etiology is 
unknown. Fecal stasis is the most important predisposing 
factor. If this occurs in the colon in a normal individual it 
produces constipation; in patients with Hirschsprung’s dis-
ease, stasis frequently results in proliferation of abnormal 
bacteria, ulcerations of the colon, absorption of endotoxins, 
shock, and sometimes perforation. These patients respond 
to colonic irrigations, and on rare occasion require a colos-
tomy. In a patient with recurrent episodes of enterocolitis 
there may be an anatomic cause and a secondary pull-
through may be curative.12

Constipation may also occur after these procedures. It 
is more common in patients in whom the aganglionic seg-
ment was resected, but a dilated portion of the colon was 
pulled down.12 This is a partially preventable condition. 
Most cases of constipation can be avoided by resecting not 
only the aganglionic segment but also the dilated portion 
of the colon. In addition, a Duhamel pouch that is too large 
can compress the ganglionic pull-through causing obstruc-
tive symptoms. Many of the issues can present years after 
the pull-through, even in adulthood, and the adult surgeon 
caring for a Hirschsprung’s patient must understand these 
anatomic issues.

Figure 50-4. Algorithm for post-pull-through Hirschpsrung’s disease who is not doing well.

Figure 50-3. Peripheral to this series of silk stitches, an incision 
is performed with cautery and a circumferential dissection of the 
rectum is performed applying uniform traction.
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Each one of the techniques described has its own advocates. 
The analysis of different series shows that the most impor-
tant factor that affects the clinical results is the experience 
and familiarity of the surgeon with their chosen  procedure. 
Some surgeons claim that the Swenson operation exposes 
the patient to nerve damage that may provoke urinary and 
sexual disturbances. We as well as Dr. Swenson have not 
found this to be true. The Duhamel procedure is commonly 
followed by severe problems of constipation and dilatation 
of the aganglionic piece of colon left in place.16 In the Soave 
operation, patients may suffer from fecal incontinence,13 as 
well as perianal fistulas and abscesses due to the presence of 
islets of mucosa left behind during the endorectal dissection, 
much like the known complication of this sort following a 
mucosectomy for ulcerative colitis.

Advocates of a transanal approach site the decreased mor-
bidity and enhanced recovery as a consequence of a proce-
dure without the intra-abdominal dissection.17–19 In addition, 
this approach permits early postoperative feeding, shorter 
length of stay, faster recovery, and possibly less chance for 
postoperative adhesions.

Surgical Management of Total Colonic 
Aganglionosis

The current treatment of this condition consists in a newborn 
ileostomy and then at age 1–3 years resection of the entire 
aganglionic colon and pull-through of the normal ganglionic 
terminal ileum that is anastomosed just above the anal canal. 
In order to avoid fluid losses and in an attempt to decrease the 
number of bowel movements per day, as well as to promote 
water absorption, Martin20 proposed to leave a part of the rec-
tosigmoid and descending aganglionic segment in place, and 
anastomose the normoganglionic terminal ileum to this colon 
and connect it to the posterior aspect of the rectum like in the 
Duhamel procedure. Kimura et al.21 proposed the use of a right 
colon patch with the hope of creating a reservoir for water 
absorption. The use of a pouch can cause stasis of stool in 

the small bowel which is why many surgeons choose an ileo-
Duhamel22; however, this stasis can produce bacterial prolifer-
ation and enterocolitis. Rather than absorbing water, very often 
the intestine secretes fluid into the lumen, producing a secre-
tory diarrhea. It is therefore our opinion, as well as others,23 
that a straight ileorectal anastomosis is the preferred option.

They, as all patients with a surgically resected colon, suf-
fer from multiple stools. Treatment of this with loperamide, 
pectin, and a constipating diet helps. We also like to wait 
until the child can sit on a potty and is toilet trained for urine 
as the avoidance of stool in a diaper dramatically reduces the 
problem of a perineal rash.

Surgical Treatment of Ultrashort 
Hirschsprung’s

The surgical treatment of the ultrashort-segment agangli-
onosis is as controversial as the existence of this condition. 
Normal individuals have an area of aganglionosis above the 
pectinate line, but the length of this aganglionic area has 
not been accurately or scientifically determined. This is the 
reason why the diagnosis of ultrashort Hirschsprung is so 
controversial. Some surgeons propose an operation called a 
myectomy, consisting in the resection of a strip of smooth 
muscle from the anal verge up to the area where ganglion 
cells are found. The results of this procedure, again, are 
highly controversial and there is no scientific basis to explain 
why this may improve the condition. More scientifically 
conducted studies are required to clarify this issue.

Most cases of Hirschsprung’s disease are diagnosed early 
in life, but a few patients reach their late teens and even adult-
hood before a diagnosis is made. Hirschsprung’s disease 
in adults must be distinguished from other causes of mega 
colon such as Chagas disease, sigmoid volvulus, colonic 
inertia, Oglvie’s syndrome, and other disorders of the cen-
tral nervous system. Typically, Hirschsprung’s in adults is of 
the short segment variety. Many such patients are confused 
with Hirschsprung’s and in fact have idiopathic constipation 
which responds to laxative therapy.

Neuronal Intestinal Dysplasia

Neuronal intestinal dysplasia (NID) refers to a histologic 
condition that includes hypertrophy of ganglion cells, imma-
ture ganglia, hypoganglionosis, hyperplasia of the submucosal 
and myenteric plexus, giant ganglion cells as well as hypoplasia 
or aplasia of the sympathetic innervations of the myenteric 
plexus. These histologic abnormalities have been described 
as occurring in a localized or disseminated manner,24 but 
even the existence of this condition can be questioned.25 
We suspect that most cases described as NID are in fact a 
sampled areas of colon that is actually transition zone bowel 
in a Hirschsprung’s patient.

Table 50-1. Indications for Hirschsprung’s disease reoperations

Reoperations for Hirschsprung’s disease (75 patientsa,b)

Mechanical indications
 Stricture 29
 Megarectal pouch (post-Duhamel) 22
 Obstructing Soave cuff 11
 Dilated segment  5
Pathological indications
 Aganglionosis 15
 Transition zone  8
Other indications 
 Fistulae (rectocutaneous, rectourethral, rectovaginal) 12
 Recurrent pelvic abscess  7

a Several patients may have more than one indication for surgery.
b The first 51 patients have been reported in Peña, Elicevik, Levitt.[14]



830 M.A. Levitt and A. Peña

Anorectal Malformations (Imperforate 
Anus)

Anorectal malformations represent a spectrum of defects 
characterized by the absence of an external anal orifice. The 
overwhelming majority of the patients have an abnormal com-
munication between the rectum and the perineum (perineal 
fistula), the vestibule (vestibular fistula), or the vagina (vagi-
nal fistula), in the female. In some female patients, rectum, 
vagina, and urethra are fused together forming a common 
channel (cloacal malformation) and open into a single exter-
nal orifice. In the male, the communication is with the ure-
thra (rectourethral fistula), or the bladder (rectobladder neck 
fistula). Only 5% of the entire spectrum of patients are born 
with no fistula and the rectum is blind-ending. Anorectal 
malformations occur in about one in every 5,000 newborns. 
Males seem to suffer from this condition slightly more fre-
quently than females. The most common type of defects seen 
in boys is a rectourethral fistula and the most common type 
in girls is vestibular fistula. Table 50-2 shows the anatomic 
classification.

Associated Anomalies

Urogenital abnormalities occur in about 50% of all patients 
with anorectal malformations. The higher and more com-
plex the anorectal malformation, the higher the incidence 
of associated urologic defects. Urologic malformations are 
a common source of morbidity in these patients. About 90% 
of patients with a rectobladder neck fistula in males as well 
as in cases of cloacas with a common channel longer than 
3 cm, have an associated urological problem. Unilateral 
renal agenesis is the most common urologic anomaly, fol-
lowed by vesicoureteral reflux. Other important abnormali-
ties include cryptorchidism, hypospadias, renal ectopia, and 
hydronephrosis.

Sacral and spinal abnormalities are also very common 
in patients with anorectal malformations. The sacrum is 
 frequently abnormal. The sacral abnormalities also represent 
a spectrum that varies from a completely absent sacrum to 
a completely normal one, including different degrees of 
hypo development. There seems to be a direct relationship 
between the degree of sacral abnormality and the final func-
tional prognosis. These patients also suffer from hemiver-
tebrae and as a consequence different degrees of scoliosis. 
The presence of hemivertebrae also seems to be related to a 
poorer functional prognosis.

Twenty-five percent of patients with anorectal malforma-
tions suffer from a defect called tethered cord.26 In this condi-
tion, the cord is abnormally attached (tethered) to the spine. 
During the baby’s natural growth, it is believed that the spine 
grows faster than the cord, producing traction on the nerve 
fibers that may produce functional disturbances in the motion 
of the lower extremities and may contribute to sphincter prob-
lems particularly impacting bladder emptying.

Hemi sacrum is sometimes associated with an anorectal 
malformation and there can be a mass located in the area of 
the sacral defect. An anorectal malformation with hemisa-
crum and a presacral mass is known as the Currarino triad. 
The most common sacral masses in these patients are a der-
moid, teratoma, lipoma, anterior meningocele, or a combina-
tion of all these. These patients also have a poor functional 
prognosis.

Approximately 8% of all patients with anorectal mal-
formations suffer from esophageal atresia. About 30% 
have some sort of cardiovascular congenital anomaly. 
Most commonly seen are patent ductus arteriosus, atrial 
septal defect, ventricular septal defect, tetralogy of Fallot, 
as well as other more complex malformations. Only 10% 
of patients have a cardiovascular malformation with sig-
nificant hemodynamic repercussions that requires surgical 
treatment.

The main concern in a patient with anorectal malforma-
tion is whether or not the child will have bowel control, uri-
nary control, and sexual function in the future. The higher 
the malformation, the worse the functional prognosis will 
be. The higher the anorectal defect, the more likely the child 
will suffer from fecal incontinence, but the less the chance of 
suffering from constipation. Conversely, the lower the mal-
formation, the higher the incidence of constipation but the 
lower the incidence of fecal incontinence.

Description of Specific Defects

Males

Perineal Fistula

This is the simplest of all defects. The rectum opens anterior 
to the center of the sphincter mechanism in the perineum. 
The rectal orifice is usually too narrow to allow normal passage 
of stool. Sometimes, the end of the rectum lies immediately 

Table 50-2. Current classification of anorectal malformations

Male
 Perineal fistula
 Rectourethral fistula
  Bulbar
  Prostatic
 Rectobladder neck fistula
 Imperforate anus without fistula
 Rectal atresia and stenosis
Female
 Perineal fistula
 Vestibular fistula
 Imperforate anus without fistula
 Rectal atresia and stenosis
 Cloaca
Complex malformations
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below a very thin layer of epithelium with an external opening 
located at the base of the scrotum or sometimes at the base of 
the penis. The meconium or mucous sometimes can be seen 
below that very thin layer of epithelium giving an impres-
sion of a black or white ribbon. The overwhelming majority 
of these patients have a normal sacrum, less than 10% of 
them have associated defects. The final functional prognosis 
is excellent,27 provided these patients receive adequate treat-
ment. These patients can be operated on during the newborn 
period, with an operation that consists in moving the anal 
orifice back to the center of the sphincter creating a normal-
sized anus.

Rectouretheral Fistula

In this group of malformations, the rectum connects to the 
urethra. In the most common subtype, the rectum opens into 
the lower part of the posterior urethra known as the bulbar 
urethra, and, therefore, the defect is called rectourethral bul-
bar fistula (Figure 50-5A). The rectum passes through a fun-
nel-like striated sphincter mechanism to reach the lowest part 
of the posterior urethra. Eighty-five percent of these patients 
achieve bowel control when treated properly.27 Approxi-
mately 30% of them have other associated defects.27

In the second subtype, the rectum opens into the upper 
part of the posterior urethra (prostatic), and, therefore, it 
is called rectoprostatic fistula (Figure 50-5B). Only 60% 
of these patients achieve bowel control later in life. Sixty 
percent of them have significant associated defects.27 Most 
of these patients (rectourethral fistula) require a colostomy 
at birth and subsequently (usually 1–2 months later) they 
receive the definitive repair of the malformation.

The perineum of patients with anorectal malformations, 
have characteristic features that must be recognized. The 
higher the malformation, the more likely the patient will 
have a flat bottom, meaning that the natural midline groove 
is absent and there is no distinguishable anal dimple. The 
lower the malformation, the more prominent the midline 
groove and the anal dimple. In patients with rectourethral 
bulbar fistula, there is a recognizable midline groove as well 
as an anal dimple and in patients with rectoprostatic fistula, 
there is a tendency for the perineum to be flat. Also, the anal 
dimple tends to be closer to the scrotum the higher the mal-
formation. One can also frequently see a bifid scrotum in 
cases of prostatic fistula.

Rectobladder Neck Fistula

This is the highest of all defects in male patients (Figure 50-5C). 
The rectum is connected to the bladder neck. Ninety percent 
of these patients have significant associated defects. The 
perineum is frequently flat. These patients are the only ones 
that require a laparotomy or laparoscopy in addition to the 
posterior sagittal approach to be repaired. Only 15% of these 
patients achieve bowel control later in life.27

Figure 50-5. A Bulbar fistula, B Prostatic fistula, C Bladderneck fistula. 
(Reprinted with permission from Pena A. Atlas of surgical management 
of anorectal malformations. New York: Springer Verlag; 1989).
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Imperforate Anus Without Fistula

This is a rather unusual anomaly that occurs in 5% of all 
children with anorectal malformations. Half of them also 
suffer from Down’s syndrome. More than 90% of all patients 
with Down’s syndrome who suffer from an anorectal mal-
formation have this specific type of defect, clearly pointing 
to a genetic influence.28 Eighty percent of the babies with 
Down’s syndrome and this malformation will eventually 
have bowel control when they receive an adequate operation. 
Approximately 90% of patients with this defect and without 
Down’s syndrome have bowel control,29 and patients usually 
have a good sphincter mechanism and a good sacrum.

Rectal Atresia or Stenosis

This malformation occurs in only 1% of all cases. It con-
sists of a complete or partial interruption of the rectal lumen 
located between the anal canal and the rectum. The external 
appearance of the perineum is normal and the anal canal is 
normal or appears like a funnel with a long skin lined canal. 
The malformation is usually discovered when a nurse tries to 
take the newborn’s rectal temperature. The sacrum is normal 
as is the sphincter mechanism. Some patients have a hemisa-
crum and a presacral mass which must be screened for. All 
of these patients (100%) will have bowel control after a cor-
rectly performed operation.27

Female Defects

Perineal Fistula

In these female newborns, the rectum opens in what is called 
the perineal body between the normal location of the anus and 
the female genitalia. All that was described about this defect 
in males is true for females. These patients can be repaired at 
birth without a colostomy. The prognosis is excellent.27

Vestibular Fistula

This is by far the most common defect seen in female 
patients (Figure 50-6). The rectum opens in the vestibule 
of the female genitalia just outside the hymen. The rectum 
and vagina share a very thin common wall. About 30% of 
these babies have associated defects; 95% of these babies 
will have bowel control when properly treated.27 The 
sacrum is usually normal. Vestibular fistula is frequently 
misdiagnosed as a rectovaginal fistula.30 Vaginal fistula is 
an extremely unusual defect, representing less than 1% of 
all the female defects. In those unusual cases of vaginal 
fistula, the rectum opens into the posterior vaginal wall 
deeper to the hymen.

Most of the vestibular fistula cases are successfully operated 
on at birth without a colostomy. However, those undiverted 
patients can suffer from dehiscence and retraction, when the 
surgical technique employed is not adequate so diversion is 
a safe approach. A secondary operation in these cases does 

not render the same good result as in cases of a well-done 
primary procedure.

Imperforate Anus Without Fistula

It is uncommon to see this type of defect in females. All that 
was mentioned about this defect in males is true about this 
defect in females, except of course that the distal rectum is 
adjacent to the posterior vagina rather than to the urethra.

Rectal Atresia or Stenosis

This condition does not differ from the defect described in 
males. Again, the patient must be screened for a presacral 
mass.

Cloaca

A cloaca is defined as a malformation in which the rectum, 
vagina, and urinary tract are fused together forming a com-
mon channel (Figure 50-7). This single channel opens where 
the normal urethra is located in females. Externally, these 
babies have rather small-looking genitalia. Separation of the 
small labia allows the observer to see a single orifice, which 
confirms the clinical diagnosis of a cloaca. Cloacas repre-
sents another spectrum of defects. The length of the common 
channel varies from 1 to 7 or even 10 cm, and is directly 
related to the final functional prognosis for bowel and urinary 
control. Patients with a common channel shorter than 3 cm 
can be repaired posterior sagittally without opening the abdo-
men and the prognosis for bowel and urinary control is good. 

Figure 50-6. Vestibular fistula. (Reprinted with permission from 
Pena A. Atlas of surgical management of anorectal malformations. 
New York: Springer Verlag; 1989).
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On the other hand, cloacas with a common channel longer 
than 3 cm represent a serious technical challenge, whereby 
the operation frequently requires not only a posterior sagittal 
approach but also a laparotomy and a creative vaginoplasty 
or a vaginal replacement. The repair of these complex defects 
requires experience with pediatric urology. The final func-
tional prognosis is not very good in cases with a long com-
mon channel.27 Associated defects occur in about 90% of all 
patients with a common channel longer than 3 cm.

About 40% of patient with cloaca suffer from hydrocol-
pos (a very dilated vagina full of fluid). The dilated vagina 
compresses the trigone and may produce ureterovesical 
obstruction, megaureters, and hydronephrosis (Figure 50-8). 

Approximately 40% of the patients with cloaca also have 
different degrees of septation of the vagina and the uterus 
(Figure 50-9) which have important future implications, 
impacting menses as well as obstetric potential.31

Initial Management

Male Newborns

Perineal inspection and urinalysis allows the clinician to 
determine the type of malformation that the baby has in 
about 90% of cases.

The presence of a perineal orifice, by definition makes 
the diagnosis of a perineal fistula. This is also true when the 
baby has an external defect called a “bucket-handle” malfor-
mation that is a skin bridge in the midline in the area of the 
anal dimple. If a patient has a good midline groove, an anal 
dimple, and meconium in the urine, that is consistent with 
a prostatic or rectourethral fistula. A flat bottom and bifid 
scrotum are signs of a very high malformation, high prostatic 
or bladderneck fistula.

Diagnostic studies should be done after 24 h of life, but 
not later than 36 h. The reason for this is that is necessary to 
wait until the most distal part of the rectum is distended in 
order for it to be seen by any diagnostic modalities. An MRI, 
ultrasound, CAT scan, or simple X-ray film done prior to 
24 h will not show the most distal part of the rectum, because 
it is collapsed by compression of the sphincteric funnel. In 
order for meconium to be forced through a tiny distal fis-
tula, it is necessary to wait until the intraluminal pressure 
is high enough to overcome the tone of the striated muscle 

Figure 50-7. Cloaca. (Reprinted with permission from Pena A. 
Atlas of surgical management of anorectal malformations. New York: 
Springer Verlag; 1989).

Figure 50-8. Hydrocolpos in cloaca. (Reprinted with permission 
from Pena A. Atlas of surgical management of anorectal malforma-
tions. New York: Springer Verlag; 1989).

Figure 50-9. Cloaca with double uterus and double vagina. (Reprinted 
with permission from Pena A. Atlas of surgical management of ano-
rectal malformations. New York: Springer Verlag; 1989).
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that  surrounds the distal rectum, which usually happens after 
24 h. During the first 24 h, the clinician must try to answer 
two very important questions:

1. Does the baby have an associated defect that threatens his/
her life?

2. Does the baby need a primary repair or a colostomy?

The baby should be examined to rule out the presence of 
cardiovascular defects. The patient will remain with noth-
ing by mouth, and insertion of a nasogastric tube is recom-
mended to avoid vomiting and potential risk of aspiration. 
Passage of this tube also rules out an associated esophageal 
atresia. An ultrasound of the abdomen is indicated to rule out 
the presence of hydronephrosis. An ultrasound of the spine is 
also useful to evaluate for the presence of tethered cord. An 
X-ray film of the lumbar spine and the sacrum will assess for 
the presence of hemi vertebrae and sacral abnormalities. A 
very abnormal sacrum is usually associated with a very high 
defect. If after 24 h, the surgeon is still not sure as to the type 
of defect that the baby has, a cross-table lateral film with the 
baby in prone position and the pelvis elevated should be per-
formed. This will show the location of gas inside a distended 
rectum (Figure 50-10). If the rectum is visualized below the 
coccyx and the surgeons have experience with the neonatal 
repair of this malformation, the patient can be approached 
primarily. Conversely, if the rectum is located higher than the 
coccyx, or the surgeons have no experience with these neo-
natal operations, it is better to perform a diverting colostomy 
and to postpone the main repair for a later date.

Female Newborns

It is also true in females that simple inspection of the perineum 
will allow for a correct diagnosis during the neonatal period in 
most cases. The presence of a small opening in the perineum 
anterior to the sphincter mechanism makes the diagnosis of 
perineal fistula. Sometimes, it is difficult to see the opening 

of the rectum in the vestibule because the female genitalia are 
swollen at birth due to the effect of the maternal hormones. 
The presence of a fistula in the vestibule establishes the diag-
nosis of a rectovestibular fistula (Figure 50-6). In order to 
make the diagnosis of a rectovaginal fistula (extremely unusual 
defect) one would have to see meconium coming from inside 
the vagina, deeper than the hymen. The presence of a single 
perineal orifice makes the diagnosis of a cloaca (Figure 50-7).

If none of these signs are present after 24 h, the baby 
should have a cross-table lateral film in prone position (Fig-
ure 50-10). Most likely the baby has an imperforated anus 
with no fistula – which represent 5% of all cases.

During the first 24 h of life, the baby should be subjected to 
the same tests described for the male patient. If the baby has 
a cloaca, an ultrasound of the abdomen should be performed 
not only in the upper abdomen to rule out hydronephrosis 
but also in the lower abdomen to rule out the presence of 
hydrocolpos (Figure 50-8). Most babies with a cloaca need a 
diverting colostomy. These babies should not be taken to the 
operating room unless the surgeon has already ruled out the 
presence of hydrocolpos. The hydrocolpos must be drained 
at birth, usually with a tube at the time of colostomy open-
ing, particularly when the baby suffers from hydronephrosis. 
Prior to trying other procedures for the treatment of a hydro-
nephrosis and megaureter, the hydrocolpos must be drained, 
which most of the time will decompress the urinary system.

Colostomy

Colostomies in babies with anorectal malformation should 
be totally diverting. Loop colostomies are contraindicated as 
they may allow the passing of stool from the proximal into 
the distal colon, producing direct fecal contamination of the 
urinary tract. The ideal colostomy should be created in the 
descending colon, with separated stomas (Figure 50-11). Both 
stomas should be separated enough as to allow the placement 
of a stoma bag over the proximal stoma. Distal to the mucus 
fistula, the baby should have enough length of colon to allow 
a comfortable pull-through at the time of the main repair.

In cases of cloaca, the surgeon must also drain the hydro-
colpos through the abdomen. When the vagina is so dis-
tended that it reaches the upper abdomen, it can be drained 
with a vaginostomy, suturing the vaginal wall directly to the 
abdominal wall. When the vagina is not that large, it can be 
drained with a tube that is exteriorized through a separate 
hole in the abdominal wall.

Two to four weeks after the colostomy, a high-pressure dis-
tal colostogram should be performed. This involves injection 
of hydrosoluble contrast material through the distal limb of 
the colostomy to delineate the anatomy of the distal colon and 
to establish an accurate anatomic diagnosis (Figure 50-12).  
This is, by far, the most important diagnostic study in anorectal 
malformations. Trying to repair these malformations without 
a good distal colostogram exposes the babies to serious inju-

Figure 50-10. Cross-table lateral X-ray. (Reprinted with permis-
sion from Levitt MA, Peña A. Imperforate anus and claocal mal-
formations. In: Ashcraft’s pediatric surgery. 5th ed.; 2010 with 
permission from Elsevier).
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ries of the urinary tract, particularly in males.32 For cloacas, a 
constrast study should be done to delineate all three systems; 
urologic, gynecologic, and colorectal (Figure 50-13). We do 
not do contrast studies for perineal or vestibular fistulas as 
their anatomy is known by clinical inspection alone.

Main Repair

Males

Perineal fistulas can be repaired performing a minimal pos-
terior sagittal anoplasty. The baby is placed in prone posi-
tion with the pelvis elevated. Multiple stitches are placed at 
the mucocutaneous junction of the fistula orifice. An incision 
dividing the sphincter mechanism, posterior to the anal orifice, 
is performed, and the rectum is carefully dissected to be moved 
back and relocated within the limits of the sphincter. During the 
dissection of the anterior rectal wall, special care must be taken 
to avoid injury to the posterior urethra, which is the most com-
mon and feared complication in these operations.32 The babies 
must have a Foley catheter in the urethra. A useful alternative 
in a very sick baby or when the surgeon does not have enough 
experience is simply to subject the patient to dilatations of the 
fistula, with a plan for a future definitive repair.

In cases of rectourethral fistulas, after their newborn colos-
tomy, the patients undergo a posterior sagittal anorectoplasty 
(PSARP). The baby is placed in prone position with the pel-
vis elevated and with a Foley catheter in place. A posterior 
sagittal incision is performed between both buttocks running 
from the lower portion of the sacrum to the base of the scro-
tum. The entire sphincter mechanism is divided exactly in 
the midline, making sure to leave an equal amount of sphinc-
ter muscle on both sides.

The posterior rectal wall is identified and is opened in 
the midline. The fistula is visualized and multiple fine silk 
stitches are placed taking the rectal mucosa immediately 
above the fistula in order to exert uniform traction to facili-
tate the dissection and separation of the rectum from the ure-
thra. A submucosal plane is established in the anterior rectal 
wall to avoid damage to the urinary tract. About 1 cm above 
the fistula site, the dissection is continued full-thickness until 

Figure 50-11. Ideal colostomy. (Reprinted from Pena A. Atlas of 
surgical management of anorectal malformations with permission 
from Springer; 1986).

Figure 50-12. A Colostogram showing bulbar fistula. (Reprinted from Levitt MA, Peña A. Imperforate anus and claocal malformations 
In: Ashcraft’s pediatric surgery. 5th ed.; 2010 with permission from Elsevier.) B Colostogram showing prostatic fistula. C Colostogram 
showing Bladderneck fistula.
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the rectum is completely separated from the urinary tract. 
It is in this plane that one must be extremely meticulous to 
avoid injuries to the vas deferens, seminal vesicles, and an 
occasional ectopic ureter. After this, a circumferential dis-
section with division of extrinsic vessels of the rectum is 
performed until enough length has been gained to bring the 
rectum down to the perineum to anastomose it without ten-
sion to the skin in the area of the anal sphincter. At this point, 
the fistula on the posterior urethra is closed with absorbable 
suture. On rare occasion the rectum is very dilated and cannot 
be accommodated within the available space of the sphincter 
mechanism. Under those circumstances, the posterior rectal 
wall must be tapered. It must be the posterior rectal wall that 
is tapered, rather than the anterior wall so that a suture line is 
not opposed to the urethral fistula that was closed. The limits 
of the sphincter are electrically determined and the rectum is 
placed within the sphincteric complex. The only difference 
in the surgical treatment between the rectourethral bulbar fis-
tula and the retroprostatic fistula is that the latter requires a 
more significant dissection to bring the rectum down.

Rectobladder Neck Fistula

This malformation occurs in only 10% of male patients.27 This 
is the only defect that requires a laparotomy or laparoscopic 
assistance in addition to the posterior sagittal operation. This 
is because the rectum is located too high to be reached from 
below. The posterior sagittal incision is performed to create 
the path through which the rectum should be pulled down 
and to tack the pull through to the muscle complex. The 
operation begins with a midline laparotomy or laparoscopy. 
The rectum is dissected above the peritoneal reflexion. The 
surgeon must create a plane of dissection as close as possible 
to the bowel wall but without injuring the rectal wall. One 
must keep in mind that the ureters and vas deferens run in 

the same direction toward the bladder neck, and, therefore, 
those structures must be kept under direct vision during the 
dissection of the rectum. The bladder neck is located about 
2 cm below the peritoneal reflexion, and, therefore, it is very 
easy to find the end of the rectum and to divide and suture the 
fistula site. The rectum then must be mobilized to be pulled 
down through the tract established through the posterior sag-
ittal incision. In such a case, this incistion can be opened with 
the patient in supine position and the legs lifted up.

Imperforate Anus Without Fistula

In cases of imperforate anus without fistula, the operation is 
not necessarily easier than in patients with a fistula because 
the rectum is still intimately attached to the posterior urethra. 
These patients are approached posterior sagittally, the poste-
rior rectal wall is opened in the midline, and multiple stitches 
are placed in the edge of the rectal wall to exert uniform trac-
tion and to facilitate the separation of the rectum from the 
urinary tract. Special care must be taken during the dissec-
tion of the anterior wall to separate it from the urinary tract.

Rectal Atresia or Stenosis

These patients also require a posterior sagittal approach. 
The entire sphincter mechanism is divided posterior sagit-
tally. Both rectum and anal canal are opened posteriorly. The 
dilated proximal rectum is anastomosed to the anal canal and 
then the sphincter mechanism is meticulously reconstructed 
in the midline. If a presacral mass is present this is removed 
through the same posterior sagittal incision.

Female Defects

Perineal Fistulas

The repair of this malformation is the same as that described 
for male patients, except that the rectum is usually separate 
from the vagina so there is minimal risk of vaginal injury.

Vestibular Fistulas

The complexity of this malformation should not be underes-
timated. The patient is placed in prone position with the pel-
vis elevated. Multiple fine silk stitches are placed at the rectal 
vestibular orifice. A posterior sagittal incision is performed, 
dividing the sphincter mechanism to find the posterior rectal 
wall, which is easy to recognize. The main technical chal-
lenge in the repair of this defect is represented by the com-
mon wall that exists between the rectum and vagina. There is 
no plane of separation between these two structures and one 
must make two walls out of one. This is achieved by a metic-
ulous dissection applying uniform traction with multiple silk 
stitches into the rectal lumen. The dissection must continue 
until the rectum has been completely separated from the 
vagina. Usually the rectum requires very little mobilization 
because it is located quite low. The limits of the sphincter are 

Figure 50-13. 3D cloaca imaging.
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electrically determined, the perineal body is reconstructed, 
and the rectum is placed within the limits of the sphincter.

Rectovaginal Fistula

This is an extremely unusual defect. These malformations 
can be repaired posterior sagittally. The repair is the same as 
that described for vestibular fistula, except that these patients 
require much more mobilization of the rectum in order to 
move it down and relocate it in the center of the sphincter.

Cloaca

The cloaca repair represents a significant technical challenge, 
particularly in patients with a long common channel.33

Repair of Cloaca with a Common Channel  
Shorter than 3 cm

These patients are approached posterior sagittally. The 
entire sphincter mechanism is divided in the midline and 
the posterior sagittal incision is extended down to the single 
perineal opening. The common channel is also opened in 
the midline to expose the anatomy of the defect. The entire 
defect can be repaired through this incision without open-
ing the abdomen. Once the anatomy has been exposed, the 
first step is to separate the rectum from the vagina, which is 
performed in the same manner as was described for a rec-
tovestibular fistula. Once the rectum is separated, it should 
be mobilized to gain length so that it can be placed within 
the sphincter mechanism. The next step consists in mobiliz-
ing both vagina and urethra together, following a specific 
technical maneuver called “total urogenital mobilization.”34 
Multiple 6-0 silk stitches are placed in the edge of the open 
common channel as well as the edges of the vagina. These 
stitches allow the surgeon to exert uniform traction on the 
entire urogenital structure. The urogenital channel is divided 
full-thickness approximately 5 mm proximal to the clitoris, 
creating a plane of dissection, which is very easy to find, 
between the common channel and the posterior aspect of 
the pubis. In short order, one can reach the upper portion of 
the pubis. Conspicuous fascial attachments exist between 
the vagina, the genitourinary structures and the upper part 
of the pubis. These fascial attachments are avascular and are 
known as suspensory ligaments of the vagina and urethra. 
These are divided and the retropubic fat is identified. By 
dividing these suspensory ligaments, one can gain approxi-
mately 2 cm of mobilization of the urogenital structures. 
Some extra dissection of the lateral and dorsal walls of the 
vagina gains another centimeter, and by doing that, one can 
repair the urethra and the vagina. Over 50% of the patients 
with cloacas have a common channel shorter than 3 cm, 
and, therefore, it is possible to repair most of these defects 
with this reproducible technique.33,34 The blood supply after 
this mobilization is excellent. The urethra and vagina are 
then sutured to the labia in their new position.

The limits of the sphincter are electrically determined and 
marked with temporary silk stitches. The perineal body is 
reconstructed with long-term absorbable sutures, the rectum 
is placed within the limits of the sphincter, and the anoplasty 
is performed.

Patients with a common channel of less than 3 cm and 
a good sacrum have over an 80% chance of having bowel 
control and an 80% chance of having urinary control without 
bladder intermittent catheterization.33 After the urethra and 
vagina have been repaired, the urethral meatus is now located 
5 mm deep to the clitoris in a position that makes it perfectly 
visible which is important if the child needs catheterization. 
Twenty percent will require intermittent catheterization post-
operatively in order to empty the bladder.

Surgical Repair of Patients with Cloaca with a Common 
Channel Longer than 3 cm

We specifically recommend these patients be referred to spe-
cialized centers dedicated to the treatment of complex mal-
formations. The repair of these defects usually requires not 
only a posterior sagittal approach but also a laparotomy and 
a series of decision-making steps that require experience and 
special training in gynecology and urology. The first part of 
the operation consists in performing a total body preparation 
so that the patient can be approached through the perineum 
(posterior sagittally) and through a laparotomy. The posterior 
sagittal approach and total urogenital mobilization is attempted 
because occasionally one can achieve a total repair in patients 
with a common channel up to 4 cm. If this maneuver is not 
enough to make the vagina comfortably reach the skin of  
the perineum, one has to go into the abdomen and continue 
the dissection of the vagina as well as its separation from the 
urinary tract. This is a difficult and tedious maneuver. The 
bladder must be opened and the ureters must be catheterized 
because they run through the common wall that separates the 
bladder and the vagina. Often the mobilized urogenital com-
plex can be delivered up into the abdomen and further dis-
sected to gain length. If this is inadequate, the vagina must 
be entirely separated from the urinary tract. At that point, the 
surgeon evaluates whether or not the vagina will reach the 
perineum. If that is not possible, then he or she has to make 
an important decision as to the best way to repair the mal-
formation. In very specific cases, with bilateral hydrocolpos, 
the surgeon can perform a maneuver called “vaginal switch,” 
consisting in resecting one of the hemiuteri, resecting the 
vaginal septum, tubularizing both hemivaginas to create a 
single one and switching down what used to be the dome of 
one hemivagina to the perineum, taking advantage of the fact 
that the distance between both hemiuteri is longer than the 
vertical length of both hemivaginas. This maneuver is only 
feasible if the patient has two large hydrocolpos.

If this maneuver (vaginal switch) is not feasible, then the 
surgeon must replace the vagina. The alternatives are first, 
to replace it with rectum. The distal part of the rectum can 
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be used to replace the vagina, which can be done in two 
 different ways. If the patient has enough length of rectum, 
one can use the most distal part (preserving its blood supply) 
to be separated from the fecal stream, mobilized forward, 
and replacing the distal part of the vagina.

In other cases, if the rectum is very dilated, one can 
divide it longitudinally. The anterior portion is tubular-
ized and moved forward to form the neovagina preserv-
ing the necessary vessels from the inferior mesenteric 
branches. The posterior aspect will serve as a rectum. 
The blood supply of the posterior aspect will be provided 
intramurally from the branches of the inferior mesenteric 
vessels. This depends on the fact that the rectum has an 
excellent intramural blood supply. If these maneuvers 
are not feasible, the next choice is sigmoid or left colon. 
Sometimes the colostomy site is a useful location for the 
neovagina. If these maneuvers are not possible, then one 
can use small bowel.

In cases of extremely high malformations, one may find 
two little hemivaginas attached to the bladder neck. The 
rectum also may open in the bladder neck. The separa-
tion of these structures is performed through the abdomen. 
Occasionally the common channel can be left untouched to 
become the neourethra. The bladder neck needs to be recon-
structed. Under those circumstances, the surgeon must have 
enough experience to decide whether or not the bladder neck 
can be repaired or whether it is better to permanently close 
the whole distal part of the bladder and open a vesicostomy, 
with a plan for a continent diversion later in life. Since these 
patients have the highest incidence of vesicoureteral reflux, 
leaving a vesicostomy in such a high cloaca is a safe maneu-
ver with a future ureteral reimplantation and urologic recon-
struction performed later in life if necessary.

All patients after cloacal repair are left with a Foley cath-
eter, which stays in place for 2 or 3 weeks. Patients with 
a common channel longer than 3 cm sometimes require a 
suprapubic cystostomy or vesicostomy at the end of the 
operation. Then, 1 month after surgery, a cystogram is per-
formed, the suprapubic tube is clamped, and the patient is 
observed to see if she is capable of emptying her bladder 
spontaneously or if she requires intermittent catheterization. 
Several months after cloacal repair the clinician must be sure 
that the bladder empties well, checking with a pre- and post-
void or cath ultrasound.

The most common sequela from the urinary point of view 
in babies with cloaca is the incapacity to empty the bladder. 
These babies do not suffer from the type of neurogenic blad-
der that is seen in patients suffering from spina bifida and 
myelomeningocele, but rather have a floppy large bladder 
that does not empty. Most of the cloaca patients have a com-
petent bladder neck. The combination of a competent blad-
der neck with a floppy hypotonic bladder, makes them ideal 
candidates for intermittent catheterization, which allows 
them to remain completely dry.

Results of Treatment of Anorectal  
Malformations

About 75% of all patients with anorectal malformations 
(when subjected to a good operation) have bowel control.27 
The bowel control is not perfect. This becomes evident when 
the patients suffer from severe constipation, which may 
produce overflow pseudoincontinence, and soiling. Also, a 
severe episode of diarrhea may show that the bowel control 
is not normal. Twenty-five percent of all patients suffer from 
fecal incontinence and require some form of medical man-
agement (Table 50-3).35

Since anorectal malformations cover a wide spectrum of 
defects, the clinical and functional results vary depending 
on the specific type of malformation. Patients with a clo-
aca with a common channel longer than 3 cm usually suffer 
from fecal incontinence and require intermittent catheteriza-
tion to empty the bladder. Patients with a common channel 
shorter than 3 cm and a normal sacrum have bowel control 
80% of the time and only 20% of them require intermittent 
catheterization to empty the bladder and remain completely 
dry. Ninety-five percent of patients with rectovestibular fis-
tulas have bowel control. Babies with perineal fistulas have 
bowel control 100% of the time. Rectobladder neck fistula 
patients only have bowel control 15% of the time, with rec-
toprostatic fistula patients at 60%, and rectourethral bulbar 
fistula patients at 85%.27 Patients with imperforate anus with 
no fistula will have bowel control between 80 and 90% of the 
time depending on whether or not they suffer from Down’s 
Syndrome.29

Constipation is a problem in most patients with anorec-
tal malformations in whom the rectum was preserved during 
the main repair and should not be underestimated. When not 
treated properly, the patients develop megacolon and chronic 
fecal impaction, which may end up producing overflow 
pseudoincontinence.

Table 50-3. Voluntary bowel movement and type of defect

Defect Cases

Patients with VBMs

n %

Atresia or stenosis  11 11 100
Perineal fistula  58 56 97
Vestibular fistula 146 131 90
Imperforate anus without fistula  40 31 78
Bulbar fistula 112 89 79
Cloaca common channel <3 cm  99 65 66
Prostatic fistula 109 71 65
Vaginal fistula   5 3 60
Cloaca common channel >3 cm  69 24 35
Bladderneck fistula  49 10 20
Total 698 491 70
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Management of Fecal Incontinence

For the group of patients with anorectal malformations, 
who suffer from fecal incontinence (25% of cases), a bowel 
management program that aims to keep those patients com-
pletely clean of stool and to make them socially accepted is 
vital. The basis of this treatment is to teach the family or the 
patient to clean the colon every day with an enema. Since 
most patients suffer from constipation, the cleaning of the 
colon with an enema will prevent the patient from passing 
stool for 24 or 48 h.35,36

Occasionally, however, we find patients who had a differ-
ent type of repair and lost the rectosigmoid during the main 
repair or suffer from intractable diarrhea or malabsorption. 
In those cases, the bowel management is technically more 
demanding, because it includes not only the cleaning the 
colon with an enema but also the use of a constipating diet or 
medications to decrease the colonic motility in order to keep 
the patient from passing stool for 24 h between the enemas.

The bowel management program is implemented over a 
period of 1 week by trial and error. Every patient needs a dif-
ferent kind of enema to clean the colon. The cleaning of the 
colon is monitored, taking X-ray films of the abdomen every 
day, and adjusting the volume and concentration of the enema 
by trial and error. The goal is to find the enema that is well 
tolerated by the patient, is easy to administer, and keeps the 
patient completely clean. When the patient complains about 
the rectal enema and feels embarrassed about their parents 
giving the enema, an operation called the Malone procedure 
(continent appendicostomy) is an option.37,38 This consists of 
creating a connection between the tip of the appendix and the 
umbilicus. The cecum is plicated around the appendix to cre-
ate a one-way valve that allows the introduction of a catheter 
through the umbilicus into the colon and prevents stool from 
passing through the orifice. The patient is able to sit on the 
toilet, pass a feeding tube through the umbilicus, administer 
the enema himself/herself, evacuate the colon, and remain 
clean the following 24 or 48 h. This allows the patient to 
become independent. A significant number of patients do not 
have an appendix. In that case, one can be created with a vas-
cularized flap of the colon (continent neoappendicostomy). 
Then again, the colon is plicated around the new appendix to 
make it continent.38

Relevant Aspects for Adult Colorectal 
Surgeons

A large number of adolescent and adult patients may still 
suffer from fecal incontinence despite successful repair 
in infancy. Other patients these having undergone surgery 
for Hirschsprung and patient with spinal anomalies or pel-
vic trauma may suffer from incontinence. Workup of these 
patients should include a detailed history and physical exam 

which includes the type of defect the patient was born with, 
bowel movement and voiding  pattern, type of perineum, 
location of rectal opening, presence of an anal dimple, and 
strength of sphincter contraction. A water-soluble enema or 
defecography, voiding cystourethrogram, sacral films, and 
an MRI with a rectal coil to assess the location of the rectum 
are essential. We then classify patients into four groups, as 
follows.39

1. Patients with a poor sacrum, flat perineum, poor muscles, 
no sensation, and poor bowel movement pattern who are 
usually incontinent for both urine and stool. These patients 
are good candidates for a bowel management program.36 
Alternative techniques such as an artificial bowel sphinc-
ter or stimulated gracilis muscle flap have been tried with 
limited success.40 A permanent stoma is rarely indicated 
as a properly administered enema program works 95% of 
the time.35

2. Patients with clinical and MRI evidence of a mislocated 
rectum with a good sacrum and well-developed muscles. 
These patients may benefit from a secondary pull-through 
procedure.41

3. Patients who suffers from severe constipation but have 
good potential for bowel control and a contrast enema 
which shows a severely dilated mega rectosigmoid. These 
patients need aggressive laxative therapy and possibly a 
sigmoid resection.36

4. Patients who are born with a good prognostic type of mal-
formation and have a well-located rectum, good sacrum, 
and good muscles but are still incontinent. They may ben-
efit from biofeedback or other behavior modification pro-
grams to help them evacuate the rectum at controlled and 
predictable times.

Some children develop an IBS syndrome as they mature 
after a successful repair and then have difficulty later in life. 
They may benefit from regulation of colonic motility with 
diet, medication or possibly an intestinal pacemaker. We pre-
dict that control of rectosigmoid motility and coordination 
will be easier in the future as techniques develop in improv-
ing such patients than any artificial anal sphincter.

Other Pediatric Colorectal Disorders

Idiopathic Constipation

Constipation of unknown origin represents a serious problem 
in the pediatric population. At least 6% of pediatric consul-
tations are related to this particular problem.42 We consider 
this condition to be the result of a colonic hypomotility dis-
order with different degrees of severity, affecting mainly the 
rectosigmoid and sometimes the entire colon. The spectrum 
of colonic hypomotility or colonic inertia varies from mild 
constipation that can be controlled by dietary measures to 
severe hypomotility disorders that may fall into the realm 
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of what is called “intestinal pseudoobstruction” and may 
require  intestinal transplantation.43

Constipation means an incapacity to empty the colon on 
a daily basis or the incapacity to empty it completely. As a 
consequence, the colon stores a large amount of stool and 
becomes very dilated (megacolon). Megacolon produces con-
stipation and constipation produces more megacolon, creat-
ing a vicious cycle. The final result is chronic fecal impaction, 
which provokes overflow pseudoincontinence (encopresis).

The cause of this condition is unknown. Many authors 
claim that the origin is a behavior problem, while others 
believe that it is a consequence of a dietary problem. There 
are those who think that it is a consequence of a lack of relax-
ation of the internal sphincter or a consequence of ultrashort 
segment aganglionosis. None of these theories have been 
scientifically documented, and that is why we call this condi-
tion idiopathic.43

The treatments we use for this condition consist in trying 
to find the amount of laxatives that is capable of producing 
a bowel movement that empties the colon completely every 
day.36 The amount is different in every individual and has to 
be determined by trial and error. When the laxative require-
ment is so high that it creates a problem in terms of quality of 
life, we offer the patient a surgical treatment consisting in the 
resection of the most dilated portion of the colon (usually the 
rectosigmoid).44,45 By doing that, even when we know that 
we do not cure this mysterious condition, we make the prob-
lem more manageable and reduce significantly the amount of 
laxatives that the patient needs.

Rectal Prolapse

Rectal prolapse occurs in children due to conditions such as 
myelomeningocele, spina bifida, and malnutrition. The lack 
of sphincter tone explains the severe prolapse from which 
these patients may suffer. Also, patients with cystic fibrosis 
or some patients with inflammatory bowel disease or intesti-
nal parasites may suffer from rectal prolapse. Severe consti-
pation can also cause rectal prolapse.

Most pediatric patients afflicted with this condition are of 
the idiopathic type. The surgeon must try to identify one of 
the predisposing conditions already mentioned. If this is not 
possible, one must try to avoid those factors that exacerbate 
the problem, such as to treat constipation, and any irritating 
conditions of the colon, such as milk allergy. If all this fails, 
the surgeon can offer a surgical treatment.

An old operation designed to treat rectal prolapse includes 
placement of a nonabsorbable suture around the anus to 
restrict its caliber. The long-term results of these procedures 
are not good because eventually the patients develop mega-
colon and an anal stricture. Other surgeons have tried the 
injection of sclerosing substances such as hypertonic saline 
in the perirectal space. This has been followed by severe 
complications including nerve damage and bowel and urinary 

incontinence. A posterior sagittal approach has also been 
used that allows the surgeon to anchor the posterior rectal 
wall to the cartilage of the  coccyx and the sacrum. Some  
perform an abdominal approach with fixation of the rectum 
to the presacral fascia, usually with a sigmoid resection.  
A transanal rectosigmoidectomy (modified Altmier proce-
dure) has emerged as a treatment option in these children 
mimicking a one-stage pull-through for Hirschsprung’s dis-
ease, and is our preferred approach.

Perianal Fistula

Perianal abscess and fistula in pediatrics seems to be a com-
pletely different condition to that seen in adults. During the 
first year of life, many babies suffer from perianal abscesses 
that may be associated with a perianal fistula. The orifice 
seen externally next to the anus communicates with one of 
the crypts of the pectinate line. Traditionally, these patients 
have been subjected to a fistulotomy, consisting in identify-
ing the fistula tract and cutting all the tissue, and mucosa, 
from inside the rectal lumen leaving the wound open for 
granulation.

Our experience has been that this is a benign condition 
that does not require any treatment. If the babies have a 
perianal abscess, they do not require antibiotics. Very soon, 
the abscess drains by itself and if not, with a minimal inci-
sion and drainage. Following that, for a period of months, it 
drains intermittently without any discomfort to the patient. 
The vast majority of fistulas disappear after 1 year of age.46

Occasionally, one can see a school-age child with a perianal 
fistula. This is extremely unusual. In such a case, the surgeon 
should investigate for inflammatory bowel disease before trying 
any of the current available surgical techniques used in adults.

Juvenile Polyps

Around the age of 4 years, patients may suffer from polyps 
in the rectum and in the colon. These polyps are benign. 
They grow and eventually amputate and disappear. The 
polyps are mostly located in the posterior rectal wall. A 
rectal examination makes the diagnosis in most cases. 
These polyps have a long pedicle. The symptoms in these 
patients are the presence of blood surrounding the fecal 
matter. They do not produce any pain. Occasionally, the 
parents describe the presence of a polyp that prolapses 
through the anus. The polyps can be easily resected under 
general anesthesia. Histologically, these are almost always 
benign inflammatory polyps.

Anal Fissure

Anal fissures in pediatric patients are usually a consequence and 
not a cause of constipation. The fissure represents a laceration 
that was produced with the passage of a large hard piece of fecal 
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matter. The patient suffers from painful bowel movements and 
that contributes to the constipation, and the patient becomes a 
stool retainer. Stool retention may provoke more constipation 
and more constipation will make the fissure worse.

The main treatment for this condition is to give enough 
laxatives as to guarantee that the patient will have soft stool 
passing through the rectum for several weeks until the fis-
sure heals. No surgical treatment is necessary.

Recently, 0.2% NTG ointment has been used for intrac-
table cases to cause a reversible chemical sphincterotomy.47 
This is a simple alternative treatment since the long-term 
sequelae of a internal lateral sphincterotomy in children is 
not known and may be associated with incontinence.

Acknowledgment. This chapter was co-authored by Marc E. 
Sher in the previous version of this textbook.
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51
Health Care Economics
David A. Margolin and Lester Rosen

“It was the best of times it was the worst of times.” How 
prophetic was Charles Dickens when applied to health care 
in America today.1 We are currently experiencing unprece-
dented technologic and therapeutic advancements; however, 
these come at a tremendous price. Health care expenditures 
have increased by double digits for the past decade, physi-
cian reimbursement has decreased by over the past 10-years, 
and hospitals have closed and health care systems have filed 
for bankruptcy.2 Furthermore, in 2009, national health care 
expenditures are projected to have reached $2.5 trillion, an 
increase of 5.7%, up from the 4.4% increase seen in 2008, 
while the overall economy, as measured by gross domestic 
product (GDP) is still in recession, and anticipated to have 
fallen 1.1% (Table 51-1). From 2009 to 2019 the average 
annual health care spending growth is projected to grow at 
a rate of 6.0%, well outpacing the expected average annual 
growth in the overall economy (4.4%). By 2019, national 
health spending is expected to reach $4.5 trillion and com-
prise 19.3% of GDP3 (Figure 51-1).4 It is in this environ-
ment that President Barak Obama has attempted potentially 
sweeping changes in the health care landscape. At the time 
of writing this book, health care reform has passed the demo-
cratically controlled congress. However with the republicans 
regaining control in the 2010 midterm elections renewed 
partisan opposition to health care reform has occurred.

Multiple interrelated events have led to the current state 
of health care finance. With the advent of the resource-based 
relative value scale (RBRVS) physicians have shifted from 
price setters to price takers. Technology costs, while providing 
an improvement in patient care, have skyrocketed. While the 
life expectancy of the population has not increased dramati-
cally over the past decades, the “Baby Boomers” are here and 
continue to shift the average age of the American popula-
tion to one that requires increased utilization of health care 
resources. In 2009, the US census bureau estimated that 46.3 
million Americans were without health insurance which was 
an increase from 45.7 in 2007, leaving 15.4% of Americans 
with no health insurance, and millions more underinsured, 
putting a strain on state and federal budgets to provide care.5 

Last but not least is the current professional liability crisis, 
resulting in increased malpractice rates and driving specialists 
from specific locations. Despite this, physicians still are able 
to provide quality care for their patients and receive reason-
able compensation. Nonetheless, in the ever-changing face of 
the socioeconomic landscape, physicians need a solid basis 
that allows them to function in today’s practice environment.

This chapter covers the RBVRS and Medicare reimburse-
ment, the types of contractual agreement between insur-
ers and practitioners and insurers and patients, and what to 
expect in the future.

The Reimbursement Process

Medicare

The key to begin to understand the business of medicine is 
to understand the basics of Medicare. While private payors 
vary in their reimbursement rates and policies, most are tied 
in some form to the Medicare system. Medicare was created 
in 1965 by the Federal government as a social insurance pro-
gram designed to provide all adults over the age of 65 with 
comprehensive health care coverage at an affordable cost. 
Medicare is administrated by the Center for Medicare and 
Medicaid Services (CMS), formerly known as the Health 
Care Financing Administration (HCFA). When the program 
began in 1966, 19.1 million persons were enrolled; in 2004 
Medicare had over 41 million enrollees and is forecasted to 
include almost 80 million people by 2030 (Figure 51-2).6 
Medicare is divided into two parts.

Medicare Part A, also known as hospital insurance, helps 
pay for inpatient hospitalizations, skilled nursing facility 
(SNF) care, home health and hospice care. Part A is financed 
primarily through federal payroll taxes (FICA) paid by both 
employees and employers. In 2010, the current FICA tax was 
7.65% of earned income, of which 1.45% went toward Medi-
care Part A. The maximum tax employees and employers 
will each pay in 2010 is $6,621.60. Individuals who receive 
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Figure 51-1. Health care expenditures (adapted from The  Centers for Medicare & Medicaid Services http://www.cms.hhs.gov/Reports 
TrustFunds/downloads/projectionmethodology.pdf. Accessed 29 Jan 2010.4) The green line shows the percentage of the gross national 
product going to national health expenditure. The scale on the left axis measures it. The purple line, for gross domestic product (GDP), 
and the blue line, for national health expenditure (NHE), in billions of dollars, measured by the right axis scale. http://hspm.sph.sc.edu/
Courses/Econ/Classes/nhe00/.

Figure 51-2. Expected number of Medicare beneficiaries. (Adapted from The Centers for Medicare & Medicaid Services http://www.cms.
hhs.gov/charts/series/sec3-b1-9.pdf. Accessed 5 Jan 2005 6).

http://www.cms.hhs.gov/ReportsTrustFunds/downloads/projectionmethodology.pdf
http://www.cms.hhs.gov/ReportsTrustFunds/downloads/projectionmethodology.pdf
http://hspm.sph.sc.edu/Courses/Econ/Classes/nhe00/
http://hspm.sph.sc.edu/Courses/Econ/Classes/nhe00/
http://www.cms.hhs.gov/charts/series/sec3-b1-9.pdf
http://www.cms.hhs.gov/charts/series/sec3-b1-9.pdf
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Social Security benefits or Railroad Retirement benefits are 
automatically enrolled in Part A. Individuals under 65 who 
receive Social Security disability or those with end-stage 
renal disease for over 24 months are also eligible for Part A. 
Despite current misconceptions, Medicare Part A is not free. 
Although there is no monthly Part A premium for Medicare 
recipients who have worked 40 quarters of Medicare- 
covered employment, those who have fewer than 30 quarters 
of coverage may obtain Part A coverage by paying a monthly 
premium of $461 per month for 2010. Individuals with 30 
to 39 quarters of coverage, will pay a premium of $254 per 
month in 2010. Medicare enrollees are also responsible for 
copayments associated with the services provided. In 2010 
there is an $1,112 copay for the first hospital stay of the year. 
For each subsequent hospital stay there is no out-of-pocket 
expenses for 1–60 days. For any and all hospital stays of 
61–90 days there is a cost of $275 per day and after 150 
days of inpatient hospitalization all costs were the patient’s 
responsibility. Part A covers the first 20 days of SNF care 
and costs $139/day for days 21–100. Like the limits for inpa-
tient hospitalization, there was no coverage for SNF after 
100 days. It is worth noting that Medicare Part B, also known 
as Medical Insurance, provides coverage for payments to 
physicians for services provided. This includes outpatient 
medical and surgical services, supplies, diagnostic testing 
and some home health care. Part B is funded by a combi-
nation of the federal government’s general revenues (75%) 
and individual monthly premiums (25%). In 2004, Part B did 
not cover routine physical examinations. However, the fed-
eral government has responded to citizens’ urging and has 
instituted a physical examination when one enters into Medi-
care and covers screening for some specific diseases. Part B 
covers screening for breast cancer, cervical cancer, prostate 
cancer, and colorectal cancer. Medicare covers fecal occult 
blood testing every 24 months, flexible sigmoidoscopy every 
48 months, colonoscopy for high-risk individuals once every 
24 months or for average-risk individuals every 10 years. 
Medicare also covers barium enemas (BE) every 24 or 48 
months depending on your risk stratification.

Unlike Part A, Medicare Part B has monthly premiums. 
In 2010, the premium for those who enrolled at the onset of 
eligibility is between 96.40 and $243.10 per month based on 
income. If one enrolls at eligibility, this premium is deducted 
from your Social Security or Railroad Retirement check. You 
can opt out of Part B. Similar to Part A, Part B enrollees are 
responsible for copayments and deductibles. For physician ser-
vices deductible was $155 per calendar year and a 20% copay-
ment of Medicare-approved rates. Copayments for outpatient 
procedures were charged at a different rate than office services, 
and the copayment varied based on the procedure performed.

While Part A and B are considered traditional Medicare, 
Medicare Part C or Medicare Advantage is the government’s 
plan to shift the cost and risks of Medicare patients to the pri-
vate sector. In Medicare Advantage, private payers receive a 
monthly payment per covered individual (capitated amount) 

to provide all of Part A and B services. Private  payors then 
tailor these plans to cover anticipated needs. These plans 
often provide benefits not seen in traditional Medicare, 
such as wider prescription drug benefits, routine physicals, 
preventative care, eyeglasses, and hearing aids. Since these 
plans are privately administered, individual choice is often 
severely limited with regards to physicians and hospitals. 
Nonetheless, these plans are extremely attractive with the 
Congressional Budget Office (CBO) projecting that, enroll-
ment in Medicare Advantage will grow at an annual average 
rate of about 7 % over the next 10 years, compared with a 
growth rate of about 2.5 % for Medicare overall – reaching 
21% of total enrollment in 2008 and 26% by 2017. How-
ever, according to the CBO the average payment to Medicare 
Advantage plans is 12% above traditional FFS costs. As such, 
Reimbursements to private insurers that administer Medicare 
Advantage plans would fall by as much as 4–4.5% in 2010.7

In late 2003, the Federal government instituted another 
new category of Medicare. Medicare Part D, prescription 
drug coverage, was signed into law in December 2003. In 
response to the cost of prescription drugs for seniors the 
government instituted a program that started in 2006. This 
program provides for prescription drugs with an initial 
deductible of $250 and a monthly premium of $35. There 
is a 75% subsidy for drug cost between $251 and $2,250. 
The federal government pays for all drugs after a recipient 
pays $3,600 or $5,100 in total cost. Special assistance will 
be provided for low-income seniors as well. New to Part D 
is the institution of means testing. Individuals with incomes 
$160,000 and above will be subjected to higher Part B and 
Part D premiums.

Medicare Resources

According to the Office of Management and Budget (OMB), 
Medicare in 2004 had a budget of $302 billion that increased 
to $503 billion in 2010.8 The Medicare budget is determined 
by legislation and is formula based. It involves the Medicare 
Economic Index (MEI), a weighted index, and the sustainable 
growth rate (SGR). The SGR rate compares the cumulative 
actual spending for physicians’ services since 1997 to a cumu-
lative target amount of spending over the same time period. 
The initial idea was to keep Medicare costs from spiraling 
out of control. As described by Jacob Goldstein in the Wall 
Street Journal, “The SGR says essentially that the amount 
Medicare pays doctors for an average Medicare patient can’t 
grow faster than the economy as a whole. It’s fine if total 
payments to doctors go up because the number of Medicare 
beneficiaries rises. And it’s fine if the average payment per 
beneficiary rises along with the economy. But if growth in 
payments per beneficiary grows more than the economy 
as a whole, the SGR says you have to lower payments to  
doctors across the board to keep costs under  control.” 9 With-
out new federal spending legislation,  Medicare spending is 
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not allowed to grow by more than $20 million/year (budget 
neutrality). However, the government has made exceptions 
to increases in Medicare spending for new technologies and 
pilot programs. For more details, the complete Medicare 
fee schedule can be found in the Federal Register on line at 
http://www.gpoaccess.gov/fr/index.html.

Hospital (Part A) Reimbursment

Until the mid-1980s the federal government and most private 
payers reimbursed hospitals retrospectively for all reason-
able costs involved in the care of a covered individual. With 
this form of reimbursement, to compete and remain solvent, 
hospitals invested in the latest, most-advanced technology. 
This allowed hospitals to increase patient care volume and 
expand services; however, it was done without regard to cost 
or efficiency. Although this methodology had its advantage, 
it led to a continuing upward spiral in health care costs and a 
significant duplication of services.

In response to sharply rising hospital costs, the Federal 
government instituted a prospective payment system. This 
was modeled after a system developed by Fetter and asso-
ciates at Yale University that categorized patients based on 
primary and secondary diagnosis, primary and secondary 
procedures, age and length of stay, and then set a uniform 
cost for each category.10 These diagnostic-related groups 
(DRGs) set a maximum amount that would be paid for the 
hospital care of Medicare patients for a specific problem. 
In 2010, there are 745 DRGs. Each DRG contains a list 
of specific diagnoses and procedures based on the Inter-
national Classification of Diseases, Ninth Revision, Clini-
cal Modification (ICD-9-CM).11 ICD-9 is a coding system 
that lists specific diseases, diagnosis, and medical acuity. 
By using this system, Medicare has grouped related ICD-9 
codes that utilize similar hospital recourses in specific 
DRGs.

Private payers have followed Medicare’s lead and began 
utilizing a prospective payment system. It was felt that by uti-
lizing a prospective payment system hospitals would have 
a true incentive to improve efficiency and keep cost low. 
While this may have initially slowed the growth of hospital 
costs and forced improved efficiency in health care deliv-
ery, it has not been the panacea that was expected. Hospi-
tal costs, while initially controlled, returned to double-digit 
increases by 2002.12 Although the reasons for the continued 
rise in hospital cost are multifactorial, the failure of DRGS 
to truly control cost can best be summed up: “Hospitals pre-
fer management strategies that are designed to enhance rev-
enues over cost control measures that may be resisted by the 
physician staff.”13

Despite the reluctance of physicians to change practice 
patterns, hospitals have tried to increase their efficiency, and 
with technologic advances it has been possible to shift pro-
cedures from the inpatient setting to outpatient/ambulatory 

center. While this had some minimal impact in physician 
reimbursement, it has helped decrease resource utilization. 
In response to this, to account for this shift in location, Medi-
care has developed a prospective payment system called the 
ambulatory payment classification (APC). APCs, like DRGs, 
are specific reimbursement groupings that Medicare pays to 
facilities. For these outpatient services Medicare pays a spe-
cific rate per procedure determined by the APC in which the 
procedure is grouped. Specific medical devices and drugs 
are exempt from this and are reimbursed in addition to the 
APC fee. These are called pass throughs. Other devices that 
do not receive pass through are often charged to the patient 
by private payors. In 2004, 4 APC classifications covered 
the majority of outpatient anorectal procedures. APCs reim-
burse facilities between $209 (APC 148, lateral internal anal 
sphincterotomy) and $1210 (APC 150, hemorrhoidectomy) 
with a patient copayment between $41 and $437.

With changes in location of services in a constant state of 
flux, Medicare needed to develop an appropriate and timely 
methodology to respond to this shift. To add some stabil-
ity to APC payments and achieve these goals, the Secretary 
of Health and Human Services (head of CMS) appointed an 
Advisory Panel on APC Groups. This panel of physicians 
deals with issues concerning resource use, assigning new 
current procedural terminology (CPT®) codes to APCs, and 
reassigning codes to different APCs.

Physician Reimbursement

Currently, physician reimbursement from Medicare is a three-
step process: (1) appropriate coding of the service provided 
by utilizing current procedural terminology (CPT®); (2) the 
appropriate coding of the diagnosis using ICD-9 code; and 
(3) CMS determination of the appropriate fee based on the 
resources-based relative value scale (RBRVS).

CPT® is a uniform coding system that was developed by 
the American Medical Association (AMA). CPT® originated 
in 1966 and has undergone yearly updates based on changes 
in medical and surgical procedures and the development of 
new technology. CPT® is a proprietary product of the AMA. 
The CPT® editorial panel is comprised of 16 members in 
multiple specialties as well as the insurance industry. Advi-
sors from over 90 medical and surgical specialties advise 
them. They meet four times a year to consider additions and 
deletions to the code list. A service may be brought before 
the CPT® editorial panel by any specialty, private physician, 
insurer, or device manufacture. To receive consideration for 
a new code, a procedure must meet certain requirements: it 
must be done by a reasonable number of the specialty that 
presents the code, be performed at reasonable frequency, be 
done throughout the country and have peer-reviewed litera-
ture supporting its efficacy. The editorial panel allows advi-
sors from other specialties to comment on any proposal. The 
editorial panel then reviews the clinical description of the 

http://www.gpoaccess.gov/fr/index.html
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procedure or service that describes the typical patient. After 
assuring that it meets all of the above requirements and that 
the service should not be coded with a preexisting code, the 
committee will give the service a unique CPT® code. The 
code then moves to the Relative Value Update Commit-
tee (RUC) where it receives a value relative to other codes 
(RVU). CPT® also uses a series of modifiers in addition to 
the original code to better describe the service provided. This 
allows not only for better data collection regarding the fre-
quency and complexity of services but also for appropriate 
reimbursement by Medicare.

Medicare implemented the RBRVS in 1992. Previously 
physicians were reimbursed based on “usual, customary 
and reasonable charges” (UCR). UCRs were based on the 
physician’s most frequent charge for the service (usual), 
the average charge for that service in the area (customary), 
and the actual charge for the service (reasonable).14 Indi-
viduals within the federal government, private insurers, and 
nonprocedure-based medical specialties felt that this system 
perpetuated rising health care costs and inequities in medical 
care. These individuals believed that this system served as 
an incentive for physicians to inflate charges even in those 
instances where actual costs were decreasing and to continue 
the inequities in fees between proceduralists and nonproc-
eduralists. In response to this the federal government insti-
tuted the Medicare fee schedule.

The Medicare fee schedule was based on the work of a 
research team led by William Hsiao, a Harvard economist 
under contract to CMS.15–17 The Harvard study ranked proce-
dures and services relative to each other based on the amount 
of physician work necessary to perform the procedure or ser-
vice. Work was defined as a combination of the time used to 
perform the service and the complexity of service (mental 
effort, knowledge, judgment and diagnostic acumen, techni-
cal skill, physical skill, psychological stress, and potential 
iatrogenic risk).18 Work was then broken down into three 
time periods, pre-, intra-, and postservice.

Preservice work for surgical procedures has come to be 
defined as the physician work provided from the day before, 
until the time of the operative procedure (i.e., skin inci-
sion). This may involve any or all of the following: hospital 
admission workup; the preoperative evaluation including the 
procedural workup, review of records, communicating with 
other professionals, patient and family, and obtaining con-
sent; dressing, scrubbing, and waiting before the operative 
procedure; preparing patient and needed equipment for the 
operative procedure; positioning the patient; and other non 
“skin-to-skin” work done in the operating room prior to inci-
sion. Preservice work does not include the consultation or 
evaluation at which the decision to provide the procedure 
was made.

Intraservice work includes all “skin-to-skin” work that is 
a necessary part of the procedure. The time measurement for 
the intraservice work is from the start of the skin incision 
until the incision is closed.

Unlike preservice work, postservice work varies depending 
on the magnitude of the procedure. In an effort to accurately 
assign the amount of postprocedure work, specific CPT® 
codes have been assigned specific global periods. There are 
currently three postprocedural global periods; 0, 10, and 90 
days. Routine postprocedure care includes physician work 
following skin closure that is done on the day of the pro-
cedure, including non-“skin-to-skin” work in the OR. This 
includes patient stabilization in the recovery room, commu-
nicating with the patient and other professionals (including 
written and telephone reports and orders), and patient visits 
on the day of the procedure. For a surgical service with a 
global period of 10 or 90 days, the postservice work includes 
all of the above and, in addition, postoperative hospital care, 
including the intensive care unit if needed; other in-hospital 
visits; discharge day management services; and office visits 
within the assigned global period of 10 or 90 days.19

For nonsurgical services such as office evaluation and 
management (E/M) services, the preservice work includes 
preparing to see the patient, reviewing records, and com-
municating with other professionals. The intraservice work 
includes the work provided while the physician is with the 
patient and/or family. This includes the time in which the 
physician obtains the history, performs a physical evalua-
tion and counsels the patient. The postservice work for non-
procedural services includes arranging for further services, 
reviewing results of studies, and communicating further with 
the patient, family, and other professionals, including written 
and telephone reports as well as calls to the patient.

While the study by Hsiao and colleagues16 initially val-
ued only 200 codes and ranked them according to physician 
work, the RUC subsequently valued and ranked each CPT® 
code relative to other codes. New codes were valued using 
provider surveys to obtain an appropriate work value. These 
surveys allow for individuals who perform the procedures 
to value pre-, intra-, and postservice work relative to estab-
lished codes. According to federal law the relative value of 
codes is reviewed every 5 years by the RUC allowing for 
corrections in the relativity of the codes. Currently, physi-
cian work is not the only value used to calculate an RVU. 
While the work RVUs (wRVU) makes up the majority of 
the total RVUs (tRVU) for a specific CPT® code, RVUs are 
also calculated for practice expense (peRVU) and malprac-
tice (mRVU) for each code. Similar to wRVUs, peRVUs are 
calculated based on the amount of resources used in the pre-, 
intra- and postservice time. This includes not only the nurs-
ing and ancillary staff key to the procedure or service but 
also supplies used during the pre- and postprocedure period. 
If the procedure is performed in the office, intraservice per-
sonnel and supplies are included. For procedures done in a 
facility, usually a hospital, these costs are reimbursed based 
on the DRG (Part A) and paid to the health care facility and 
not to the physician. Malpractice RVUs are calculated from 
actual malpractice premium data obtained throughout the 
country. Using previous CMS claims, a value for each CPT® 
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code is determined based on a risk factor for the dominant 
specialty that provides service.20

Final physician reimbursement by CMS is then multi-
plied by a geographic practice cost index (GPCI), which 
is supposed to adjust payments for differences in physi-
cian practice costs across geographic areas. For a given 
service, multiplying the service-specific Physician Work, 
Practice Expense, and Malpractice Expense RVUs by 
their respective GPCIs determines the payment amount 
in a given geographic area. Next, these three products are 
summed, yielding a geographically adjusted RVU total for 
the service. This number is then converted to dollars by a 
conversion factor, which in 2009 was $36.0666 per RVU. 
Without congressional intervention, adjusting the SGR 
formula, it could drop as much as 21% in 2010–2011. As 
an example, in 2009 for CPT® code 44140 (Colectomy, 
partial; with anastamosis) [(wRVU × wGPCI) + (peRVU ×  
peGPCI) + (mRVU × mGPCI)] × 36.0666 = $CMS reimburse-
ment. As seen the amount paid varies per region:

San Francisco, CA
(22.46 wRVU × 1.059 wGPCI) + (8.69 peRVU × 1.441  
peGPCI) + (2.71 mRVU × 0.414 mGPCI) × 36.0666 = $1,349.94.

Boston, MA
(22.46 wRVU × 1.029 wGPCI) + (8.69 peRVU × 1.291 
 peGPCI) + (2.58 mRVU × 0.764 mGPCI) × 36.0666 = $1,309.29.

New Orleans, LA
(22.46 wRVU × 1.0 wGPCI) + (8.69 peRVU × 1.044  
peGPCI) + (2.58 mRVU × 0.956 mGPCI) × 36.0666 = $1,226.22.

Little Rock, AK
(22.46 wRVU × 1.000 wGPCI) + (8.69 peRVU × 0.846 peG-
PCI) + (2.58 mRVU × 0.446 mGPCI) × 36.0666 = $1,116.70.

While Medicare is an extremely large and at times an 
unwieldy way to manage health care and health care-related 
costs, understanding it is key to understanding both hospital 
and physician reimbursement by private payers. Most private 
payers today use CPT® codes to identify physician services. 
While private payer do not have to follow the rules set forth 
by the Federal government (for instance, they often do not 
recognize surgical modifiers), they find that CPT® is a well-
established and familiar system allowing for correct physi-
cian coding. Private payers in noncapitated contracts often 
set reimbursement based on a percentage of the Medicare 
fee schedule. The percentage reimbursement will often vary 
by region. The larger payers have taken this one step further 
using Medicare to develop their own fee schedule. Again 
using CPT® terminology, companies will adjust payment 
based on the individual service provided; for example, pay-
ing E&M codes 105% of Medicare, office-based procedures 
110% of Medicare and surgical procedures 115%. This is 
often modified regionally based on the rules of supply and 
demand. In areas with a paucity of a specific specialty, reim-
bursement is high as opposed to a saturated market where the 
insurance company can play one physician or group against 

another to obtain a favorable contract. Hospital  payments 
are similar. Private payers reimburse hospitals either as a 
 percentage of the DRG or on a per-diem based on the  service 
provided. For outpatient procedures, hospitals are often 
reimbursed as a percentage of the APC.

Private Payers

While the impact of Medicare on the economic landscape 
of medicine is clear, the role and type of private payers is 
more cloudy. Health insurance comes in many forms and has 
different relations with its customer and its physician provid-
ers. Traditionally, there were two types of nongovernmental 
insurance, individual insurance and group insurance. Indi-
vidual insurance allows a person to buy health insurance for 
themselves and their family. However, due to the inability of 
the insurer to spread the financial risk among many people, 
individual insurance is becoming prohibitively expensive. 
The majority of people obtain health insurance through 
some type of group. This allows for cheaper individual pay-
ments as group purchasing allows the insurer to spreads the 
risk over a larger number of people. Group insurance can 
be obtained through employers, professional societies (ACS, 
etc.) or other organizations (AAPR, etc.).

Regardless of how insurance is purchased, the types of 
insurance plans are distinctly different. The most costly is 
the fee-for service plan, also known as an indemnity plan in 
which individuals are free to seek care from any physician or 
hospital they choose. No preapproval is required. Individuals 
submit the bills to their carrier and if the deductible has been 
met, if there is one, the insurance company pays for medical 
services at the UCR. These plans are often structured so that 
there is a copayment for all services. The use of copayments 
and deductibles by insurers is a method of risk sharing. Not 
only do these costs help defray the cost of providing care 
for the insurers, but they are designed to make individuals 
think twice before seeking unnecessary care. In traditional 
fee-for-service plans, an individual may be responsible for 
20% of the bill. Also, they may be responsible for the differ-
ence between the UCR and the billed charges.

To help control rising health care costs and stimulate a 
more efficient use of health care resources, managed care 
organizations were developed. Since the early 1990s they 
have evolved into a variety of complex organizational struc-
tures. They utilize a variety of tools to manage preauthoriza-
tion functions, control health care costs, and share the risks 
associated with group coverage.

Health maintenance organizations (HMOs) were designed 
to meet these ends. While the HMO model undergoes constant 
change, they characteristically represent the most restrictive 
type of health plan. In this model, the HMO restricts patient 
access in nonemergency incidents to HMO-contracted phy-
sicians and hospitals. Out-of-pocket costs for individuals are 
traditionally low for HMO physicians; however, individuals 
are responsible for all costs for non-HMO physicians.
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Most HMOs initially utilized a “gatekeeper” or primary 
care physician for specialist referral. Subsequently, HMOs 
have loosened gatekeeper requirements for specialist refer-
ral. This model has propagated the development of health 
care systems, multispecialty groups that are either owned by 
or contract with the HMO to provide complete patient care. 
In these instances, the physicians function as employees of 
the system. The physician group is then paid a capitated fee 
(amount per patient per month to provide total care) which 
is divided among the medical care providers at a rate deter-
mined by the medical group administration.

The next iteration of managed care organizations is the 
preferred provider organization (PPO). Similar to HMOs, 
PPOs enter into contracts with health care providers and hos-
pitals to provide member care. Often more choice and flexi-
bility are available to the patient than in the traditional HMO 
model but at the cost of higher beneficiary premiums. Unlike 
HMOs, PPOs do not own physician practices. To have access 
to the PPO’s beneficiaries and be listed in the “network,” 
physicians often agree to reduce their normal fees. PPOs tra-
ditionally do not use a “gatekeeper,” thus allowing patients 
increased access to self-referred specialty care.

The most recent variation in managed care organizations 
is the development of “Point of Service” plans, a mixture 
of traditional HMO and PPO plans. In this type of plan, if 
a patient first sees their primary care physician to receive 
a referral, much like an HMO the copay, if present, is neg-
ligible. Patients are also able to see “network” physicians 
with minimal financial responsibility. Patients may seek care 
from someone outside the “network” without a referral. In 
these instances, the physician is paid a rate less than is char-
acteristically billed, usually the same rate as in network phy-
sicians, and the patient is responsible for the difference. This 
provides increased patient flexibility but at increased cost.

The Future

Despite hopes that managed care would provide cost stabil-
ity to health care in America, after costs initially slowed they 
have continued to rise at a rate higher than the consumer 
price index and personal income (Table 51-1).21 Is this a fail-
ure of managed care or has managed care reached its capacity 
with regards to improving efficiency and cost containment? 
The answer is unclear; however, experts now tout a “con-
sumer-centric” or “consumer-driven” health care model as 
the future of health care delivery. Harvard Professor Regina 
Herzlinger initially described a system that allows users to 
become active consumers.19 Similar to making any large pur-
chases, individuals are given the opportunity to chose from 
specific benefit packages that will fit their particular need. 
Aside from having choice, individuals are given informa-
tion allowing them to make educated and informed choices. 
Herzlinger and others envision a health care market place 
similar to a successful industry where individuals are given 

control, choice, and information. With the rising number of 
consumers in need of health care resources, these experts see 
the Internet as a way of rapid dissemination of health care 
information.22–25

While consumer-centric health care and Health Reim-
bursement Arrangements (HRA) appear to be recreating the 
way health care is funded, there are potential problems. This 
model assumes that consumers are sophisticated enough to 
make sound health care choices, not just those based on cost. 
As Abramowitz notes, “Choosing based on price is impos-
sible for consumers to do intelligently. The bottom line is 
that consumers lack the information necessary to use the 
money wisely. So consumer-driven health care, as it is being 
discussed today will be a market failure.”26 Another potential 
problem is that individuals will feel obligated to use all of 
their HRA or employer contributions, especially as the year-
end approaches and individuals run the risk of losing their 
contributions.

The initial manifestation of a hope to address some of 
the potential pitfalls of consumer-centric health care is the 
development of defined contribution plans in which employ-
ers provide a set amount to individuals for health care, along 
with information regarding employer-approved health care 
choices. Often these are tied to a safety net for catastrophic 
cost. The idea is to empower individuals and to give them 
the necessary information to make good choices. Further 
development of consumer-driven health care is the creation 
of “health reimbursement arrangements” (HRAs). This IRS 
plan gives a tax advantage to employers who contribute 
defined contributions to employee-controlled accounts for 
health care spending. Any monies not spent during the year 
are rolled over to help fund the following year’s plan. The 
thought was that this combined with a high deductible plan 
would lower health care costs. These types of plans also raise 
some questions: is the unused portion of the plan eligible 
to be rolled over in an IRA/401K? Can these funds be used 
for nontraditional health care? What about domestic part-
ners? Are these funds portable? These questions will only 
be answered by time and possibly federal legislation. Will 
this next generation of changes significantly help to control 
health care costs? The answer is unclear; however, one cur-
rent benefit is the increasing individual awareness and edu-
cation that these plans foster.

Despite the many and varied attempts to control health 
care costs, an unacceptably large number of Americans are 
still unable to obtain adequate health care coverage. This has 
led to the call in some quarters for the development of uni-
versal coverage. The late Senator Edward Kennedy put it best 
in a 2003 editorial: “Health care is not just another commod-
ity. It is not a gift based on the ability to pay.”27 Proponents 
of universal coverage envision a system that provides access 
to quality care when needed and effective preventative care 
in a cost-effective manner that is delivered and paid for in 
an equitable way. While these are laudable goals, practical 
application remains a long way off. As seen from above, the 
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increasing role and complexity of Medicare and Medicaid 
has not even incrementally achieved these objectives. The 
current acrimonious debate in Washington shows that these 
goals are even further than initially thought. Will the govern-
ment be willing to push forward any health care reform real-
izing that universal health care will result in the subsequent 
development of a two-tiered health care system, one for the 
wealthy and one for the remainder of Americans? Only time 
will tell.
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52
Ethical and Legal Considerations
Ira J. Kodner, Mark Siegler, Daniel M. Freeman, and William T. Choctaw

Considerations for Surgeons

General Concepts

Defining the Problem

Professional responsibilities have been a concern of surgeons 
since antiquity; however, the last 25 years have displayed a 
dramatic growth of both professional and societal attention 
to moral and ethical issues involved in the delivery of health 
care. This increased interest in medical ethics has occurred 
because of factors such as the greater technological power of 
modern medicine, the assigning of social ills to the respon-
sibility of medicine, the growing sophistication of patients 
and the information available to them, the efforts to protect 
the civil rights of the increasing disadvantaged groups in our 
society, and the continued rapidly escalating cost of health 
care including medical malpractice costs. All of these factors 
contribute to the urgency of dealing with ethical and moral 
issues involved in the delivery of modern surgical care.1

The terms ethics and morals are often used interchange-
ably to refer to standards regarding right and wrong  behavior. 
Morals refer to conduct that conforms to the accepted cus-
toms or standards of a people. They vary with time and with 
the nature of society at that time. Ethics is the branch of phi-
losophy that deals with human conduct and can be described 
as applied morals. Medical ethics refers to the ethics of 
the practice of medicine. Clinical ethics refers to the eth-
ics of delivering patient care. The term bioethics includes 
the ethics of all biomedical endeavors and encompasses both 
medical and clinical ethics.2 The law serves to delineate the 
formal rules of society. It expresses a kind of minimal soci-
etal ethical consensus, which society is willing to enforce 
through civil judgments or criminal sanctions. The law does 
not always prohibit behavior deemed unethical; however, it 
usually sets a minimal standard for conduct. Those of us who 
practice clinical surgery often have trouble  differentiating 
ethical issues from legal issues. It is the purpose of this 
chapter to clarify this dichotomy. It should be stated from 

the outset that it is more important to understand the process 
of dealing with these issues than to assume that anyone can 
clearly state what is ethically right or wrong in a complex 
medical/surgical dilemma. The law, on the other hand, can 
be very explicit and can vary from state to state.

Surgeons live and practice an intense form of applied 
 ethics. We deliver bad news; we guide patients and their 
families through complicated decisions to arrive at appropri-
ate informed consent; we live a code of truth and trust among 
ourselves, our patients, and our trainees; we must deal with 
the end-of-life issues; and we make plans for extended, pal-
liative, and hospice care. Finally, as only we surgeons know, 
we must go to bed at night knowing that in the morning we 
will spend hours with someone’s life literally in our hands.

In recent decades, although we can technically and scien-
tifically do more for our patients than ever before, our per-
sonal, trusting relationship with them has deteriorated to the 
point where it is sometimes adversarial. We have allowed 
medicine to become a business, guided in many cases by the 
financial bottom line, rather than by the uncompromising 
concern for a sick person. Within this fast-moving corporate 
system, we see too many patients, do too many surgeries, 
and do not have time to develop a close mentoring relation-
ship with our chosen role models or with our  trainees.3 The 
cherished patient–physician relationship has been under-
mined by our own successful advances. Many of the opera-
tions that we do on a routine, daily basis were not even 
imagined as possible only a few decades ago. Not only can 
we do more but our patients also have come to expect perfec-
tion from us. Our society seems willing to accept flaws from 
many sources, but not from physicians and medical delivery 
system. This situation is made even more complicated by a 
system in which individuals purchase their health-care cov-
erage when they are well and willing to buy the cheapest 
plan possible but utilize their coverage, especially for surgi-
cal problems, when they are sick and want the maximum 
that the system can deliver, without regard to time and cost. 
No individual has ever admitted that he purchased a cheaper 
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plan and,  therefore, understood that only limited care should 
be provided to a loved one who is ill.

Despite these difficulties, we surgeons cannot abandon 
the needs of our patients and their families. To help them 
make informed choices, we must communicate completely 
and compassionately the requisite information about the 
disease, treatment options, and long-range plans. To do so, 
we must learn and apply the ethical principle of truth telling 
and the doctrine of informed consent for the effective care, 
which has taken us so long to master. We must also take into 
account that high-speed communication via the Internet will 
necessitate reevaluation of issues such as patient’s rights and 
confidentiality. Surgeons must lead in forging this new era 
rather than leaving it to bureaucrats, politicians, lawyers, and 
others who are not intimately involved in patient care.

We cannot rely on intuition or on our own personal value 
system. Learning the ethical aspects of delivering patient 
care must become an integral part of the surgical training 
program, and we must be held accountable for mastering 
the skillful application of these bioethical principles. After 
all, the concept of good clinical medicine and surgery 
implies the best use of scientific, technical, and ethical con-
siderations. Just as with medicine and science, bioethics 
and legal underpinnings of bioethical decision making are 
evolving all the time. In this chapter, we do not discuss all 
possible bioethical issues but limit ourselves to those that 
may be of concern to colon and rectal surgeons and to sur-
gery in general. Important issues relating to matters such as 
professionalism, research ethics, family, business and finan-
cial pressures, genetics, and reproductive considerations are 
discussed as well.

What Makes the Surgeon Special?

Undergoing major surgery is an extreme experience that 
changes people’s lives. Surgeons are repeatedly involved in 
these extreme experiences of others. This makes surgeons 
uniquely placed among health-care professionals to under-
stand the experiences of their patients.

Miles Little explains that there are special ethical con-
siderations for surgeons.4 These include Rescue, Proximity, 
Ordeal, Aftermath, and Presence. These terms help to define 
the ethical relationship between the surgeon and his or her 
patients. Rescue, he describes as the first pillar of surgical 
ethics. It deals with the fact that surgery conveys power and 
that power is socially endorsed and may be reinforced by the 
surgeon’s individual charisma; but as with all power, it must 
be constantly renewed and re-validated. Patients have no 
choice but to acknowledge surgical power when they consult 
a surgeon. Surgeons, themselves, sometimes need help and 
rescue from colleagues when they have trouble with com-
plicated diagnosis, management, or operative procedures. 
Proximity occurs in surgery as in no other act. To operate on 
persons involves entering their bodies and becoming privy 
to secrets even denied to the owner of the body. Little states, 
“To get to my body, my doctor has to get to my character. He 

has to go to my soul. He doesn’t only have to go through my 
anus.” This proximity to the patient can make special ethical 
demands on the surgeon. This proximity carries with it the 
penalties of closeness, and particularly the pains of failure. 
Some surgeons find that distancing themselves from their 
patients makes failure easier to bear. Understanding the priv-
ileges and risks of proximity is critical for the compassionate 
surgeon. Ordeals are periods of extreme experience, capable 
of disrupting our lives. The author, Little, explains that all 
medical encounters are ordeals. Patients yield autonomy, 
acknowledge dependence, place trust, face risk, confront 
embodiment and mortality, lose control over time and space, 
experience alienation, pain, fear, discomfort, suffering, and 
boredom. Surgeons observe and participate in the lives of 
patients with serious illnesses. A surgeon, who understands 
the ordeal of the surgical episode, can better help his or her 
patient through such extreme experiences. Aftermath deals 
with the reality that surgery leaves physical and psycho-
logical scars that may persist for life. It is very difficult to 
communicate the concept of suffering to someone who has 
not suffered himself. Little describes surgeons as being in a 
unique position to understand the existential threats that their 
patients experience, the sense of mortality and bodily frailty 
they live with, and the difficulty of explaining extreme experi-
ence to others. When death approaches our patients, we must 
remember, not deny, our own mortality. Such an approach 
takes courage and a sense of personal security, and this does 
not suit everyone, neither the patient nor the surgeon. Pres-
ence, as a virtue and a duty, is what the patient desires of 
the surgeon during all phases of the surgical encounter. Most 
surgeons have the stamina and cognitive ability to be present 
for their patients, but not all of us process the personal attri-
butes of charisma, confidence, energy, and empathy, which 
are necessary to engender trust from our patients and our 
staff. Sometimes, amazingly, our mere presence means more 
to our patients than defects in the manner with which we 
deal with them. Even if we cannot teach sensitivity, we can 
emphasize the importance of surgical presence.

Thus, surgeons are privileged to lead lives of great com-
plexity and moral richness. We can acquire a profound 
understanding and recognition of patient experience and 
suffering. Our proximity to patients seeking rescue, facing 
ordeals, and experiencing the aftermath of surgery presents 
us with a great challenge.

Unique Problems of Surgery

Surgeons, unlike other members of the health-care team, 
take on a different level of responsibility as they encounter 
patients. For the surgeon, the initial contact may just be the 
beginning of a longer-term relationship. With no previously 
established doctor–patient relationship, the surgeon and the 
patient may well be heading to the operating room for some-
times massive and sometimes potentially “futile” surgery. 
The surgeon and the surgical team take on the continued  
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responsibility of the operative procedure itself, the 
 postoperative care, and usually the long-term follow-up and 
management of any complications and dilemmas that may 
result from the initial encounter. This intense relationship is 
often established very quickly and under frequently adverse 
circumstances. The family and religion may not be known, 
and the patient may be unconscious, and certainly will be 
once the procedure starts.

Arthur R. Derse nicely delineates the array of ethical issues 
that arise in delivering surgical care. These include informed 
consent, refusal of treatment, determination of decision-making 
capacity, treating patients despite their refusal, maintaining 
confidentiality while respecting the duty to warn others, lim-
iting treatment over issues of “futility,” treating pain at the 
end of life, and acting as a Good Samaritan. Unlike surgeons, 
people in most professions have the luxury of time, and the 
opportunity to redo their work to remedy any mistakes. Attor-
neys can appeal their cases. Accountants can file an amended 
return. Movie directors can yell “Cut! Take two!” and reshoot 
the scene. All doctors understand that they will probably be 
second-guessed. As everyone who has ever watched a televi-
sion police drama knows, the first thing a police officer must 
say to an arrested person is the famous Miranda warning. 
What most people do not realize is that the requirement for 
those warnings is the result of a Supreme Court decision ren-
dered in June 1966. As a practical matter, the court is telling 
the arresting police officer, in the heat of making an arrest, 
that he should have known something, which took the court 
system 3 years to contemplate and research. The bottom line 
for surgeons who work under the same kind of time pressures 
is to do what you think is best. You must use your judgment, 
based on your medical knowledge and your experience. You 
are on the front line and you do not have the luxury of waiting 
for 3 years for the Supreme Court to tell you how to handle 
a potential situation. However, you also want to be as scru-
pulous as possible in making sure that bioethical and legal 
guidelines are followed, both for the benefit of the patient, 
and, frankly, as protection for yourself.

While it is crucial for the practice of medicine in all 
fields to be familiar with bioethical concepts, it is unreal-
istic to be expected to be knowledgeable about the nuances 
requiring detailed understanding of controversial bioethical 
dilemmas. However, it is important for surgeons to have a 
working knowledge of general medical ethical principles 
and how these principles affect decisions involved with treat-
ing patients. Our goal is to distill these general bioethical 
concepts and their underlying applications to specific situa-
tions, which you may face, into a cogent and concise tool for 
surgeons to use routinely, to include as part of their training, 
and to have as a reference resource. For specific dilemmas, 
time permitting, surgeons should obtain an opinion from 
the hospital ethics consultation service and/or from hospi-
tal counsel. By doing so, one can gain the experience and 
imprimatur of opinions from those who have dealt with such 
issues and whose training gives them the experience to deal 

with the issues in a knowledgeable way. It also serves as a 
cushion of knowledge for the physician when discussing the 
matter with the patient or the family. Surgeons should do all 
they can for the patient while at the same time doing what 
they need to do to protect themselves from personal risk and 
possibly from negative legal ramifications.

Similarly, doctors have a duty to themselves to avoid situ-
ations that violate their own personal beliefs, whether reli-
gious or medical. This includes thinking a step or two ahead 
of the current situation to know what the ramifications of a 
course of treatment may be. If the anticipated actions may 
violate a doctor’s own personal tenants, he or she should 
refer the patient to another physician. The most obvious of 
these situations comes up with regard to religious beliefs. If, 
for example, a doctor has religious beliefs which would pre-
clude withdrawal of life support, the doctor should be very 
careful about getting into a situation with a patient which 
might later dictate putting someone on life support. It may, 
down the line, become bioethically or medically appropri-
ate to withdraw life support. If a physician cannot do that, 
she needs to know that up front and be prepared to with-
draw from the case. A similar situation involves doctors who 
do not believe in abortion. They should not get themselves 
into medical situations where an emergency termination of 
a pregnancy may become the best medically viable option. 
You must always be prepared to protect yourself and your 
patients and must recognize your duties, both legal and ethi-
cal. You need to be aware of these duties and to avoid situa-
tions where they may come into conflict. This may be very 
difficult at times.

Principles of Bioethics

General Concepts

Philosophical Principles

Two major fundamental theoretical philosophical concepts 
exist for constructing a theory of ethics: deontologic and 
consequentialist. A deontologic theory relies on rules, while 
a consequentialist theory relies on outcomes.2 From these 
theories are derived principles of ethics, such as those delin-
eated by Beauchamp and Childress: respect for autonomy 
(patient self-determination), beneficence (“doing good”), 
nonmaleficence (“do no harm”), and justice (fairness).5

Respect for Autonomy

Adult patients with decision-making capacity have a right to 
their preferences regarding their own health care. This right 
is grounded on the legal doctrine of informed consent. This 
means that patients must give their voluntary consent to treat-
ment after receiving all appropriate and relevant information 
about the nature of their problem, the expected consequences 
of the recommended treatment, and treatment alternatives.
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This is probably the most crucial legal concept in bioethics. 
It simply means that you as a physician cannot touch a per-
son without first getting permission and without telling the 
individual of the possible ramifications of that “touching.” 
Touching someone without his or her consent is, in legal 
terms, a “battery,” which could result in a lawsuit for dam-
ages. Therefore, the principle is that medical treatment 
without consent is a battery. The first major case in this 
area said “Every human being of adult years and sound 
mind has a right to determine what shall be done with his 
own body; and a surgeon who performs an operation with-
out his patient’s consent commits an assault, for which 
he is liable for damages… This is true except in cases of 
emergency where the patient is unconscious and where it 
is necessary to operate before consent can be obtained.”6 
This case was decided before the concept of living wills 
and durable powers of attorney came into being. These 
documents both facilitate and complicate the consent pro-
cess because consent must be obtained, if time permits, 
through these documents or via surrogate decision mak-
ing. Subsequent cases refined the requirements of consent 
to add to the concept of informed consent. The courts now 
require not only that the patients give consent to the pro-
cedure, either themselves or through a proper surrogate, 
but also that sufficient information be given to the patients 
to help them make an informed decision. The courts have 
held that the quality and quantity of information given to 
the patient must be sufficient for the reasonable patient 
to understand, not for the doctor. The law has established 
the doctrine of the reasonable man to be used in deciding 
what is acceptable in many areas of delivering emergency 
surgical care.

Doctors are duty-bound to respect the autonomy of each 
competent patient. The patient is the ultimate decision maker 
about what he or she wants. The doctor may differ, even 
vehemently, with the patient’s decision; however, the patient 
has the final say. There are exceptions to this rule also, such 
as that in the case when a patient demands a certain kind of 
treatment that the doctor knows will not be efficacious. Per-
mitting autonomy to trump nonmaleficence poses a serious 
problem. A simple example of this is a patient who demands 
antibiotics to treat a viral infection. Giving the requested 
antibiotic complies with the autonomy principle; however, 
in the long run, it is conceivable that giving an antibiotic in 
such a case would violate the principle of nonmaleficence, 
would impose the concept of futility, and in the long run 
might enhance the capacity of bacteria to become resistant to 
certain antibiotics, thus even bringing into play the concept 
of justice. Even this simple example illustrates how medical 
ethical conundrums are frequently the result of conflicting 
duties.

If the patient is unable to make his or her own decision, the 
treating surgeon must respect the decision made by a surro-
gate decision maker, such as one designated in a health-care 
durable power of attorney.

Beneficence

The principle of beneficence, simply stated, involves the 
duty of the physician to act in the best interest of his or her 
patients. Beneficence is doing good and is the reason most of 
us chose to become doctors. Beneficence, or doing good, is 
probably the universal tenet of the medical profession.

Nonmaleficence

Nonmaleficence is essentially the old philosophical princi-
ple, “first, do no harm.” It derives from knowing that patient 
encounters with surgeons can prove harmful as well as help-
ful. This principle includes not doing harm, preventing harm, 
and removing harmful conditions. For physicians caring for 
patients in an emergency environment, it also includes the 
concept of security, protecting oneself and one’s team, as 
well as the patient, from harm.7

This concept also incorporates the principle of avoiding 
killing. This seems very obvious on its face value; however, 
what is a doctor to do when confronted with a situation 
where the administration of sufficient medication to allevi-
ate the pain of a patient might have the secondary effect of 
diminishing respiration, and actually hastening the patient’s 
death? This is, of course, the crux of the major debate that is 
ongoing over physician-assisted suicide, if not actual eutha-
nasia. There are other situations where avoiding killing must 
be taken into account. Abortion presents another situation 
which, depending on your personal beliefs, might fall into 
that same category. This could create a conflict between the 
duty to respect the autonomy of the patient and the personal 
religious beliefs of the treating physician. This same conflict 
has recently, and intensely, come into play over the issue of 
research and therapeutic utilization of embryonic stem cells.

Justice

Justice is fairness. It is required to ensure that medical 
decisions are made with reason and honesty. Selfish or 
biased influences must be recognized and avoided.8 For 
many, the term justice includes the concept of distributive 
justice. This form of justice includes the surgeon’s obliga-
tion not only to an individual patient but also to fairness 
in the allocation of resources for the good of the broader 
society. It is this concept of justice that becomes the basis 
for society-wide health-care policy determination. Distrib-
utive justice implies that all individuals and groups should 
share in society’s benefits and burdens. This presents an 
ethical challenge for the surgeon, dealing with an individ-
ual patient, who mistakenly believes that he or she should 
limit or terminate care based on a need to limit health-care 
resource expenditures for the good of society.7 It was this 
temptation to place the good of society before the good of 
an individual that led the physicians of Europe to fall prey 
to the fallacious doctrines being promulgated by the Nazi 
government.9
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Surgeons should be prepared to respect and seek to 
 understand people from many cultures and from diverse 
socioeconomic groups. In USA, emergency facilities are 
obligated to provide necessary care to all patients, regardless 
of ability to pay. Our current business-based medical deliv-
ery system makes it difficult to abide by the principle of hav-
ing access to appropriate inpatient and follow-up medical 
care dictated by the patient’s financial situation. Provision 
of emergency, and most elective, surgical treatment should 
not be based on gender, age, race, socioeconomic status, 
or cultural background. No patient should ever be abused, 
demeaned, or given substandard care.1

Religion and Medical Ethics

In many societies, religion has been looked upon as the 
determinant of ethical norms. In our American society, 
we are multicultural with no single religion holding domi-
nance over the entire population. Therefore, a value-based 
approach to ethical issues depends on the individual patient’s 
values. However, religion still influences bioethical concepts 
and decisions. Clinical bioethics, in fact, uses many deci-
sion-making methods, arguments, and ideals that originated 
from religion. It is also important for the individual clinician 
to understand his or her own personal spirituality to relate 
better to patients and families, representing a broad diver-
sity of religious and ethnic backgrounds. Although religions 
may appear dissimilar, most are based on some form of the 
Golden Rule, which holds “do unto others as you would have 
them do unto you.” Problems frequently arise when trying to 
apply religion-based rules to specific clinical, ethical situa-
tions. In so-called modern times, USA began turning away 
from a reliance on religious principles, relying instead for 
answers based on more generic secular principles, and the 
medical/surgical community was no exception. As previ-
ously described, we have come to rely instead on the four 
ethical principles of autonomy, beneficence, nonmaleficence, 
and fairness. These are the principles that have guided medi-
cal ethical thinking and have become instrumental in form-
ing health-care policies in USA and other Western countries 
over the past 3 decades.7

In a recent survey of physicians’ attitudes toward spiri-
tuality in clinical practice, 85% said that physicians should 
be aware of the patients’ religious and spiritual beliefs. 
The survey went on to show that although many physicians 
believe that they should inquire about their patients’ beliefs, 
fewer than 10% of doctors actually do so, even for their 
dying patients. There is no hard data to support the benefits 
of taking a spiritual history, but there is some indirect evi-
dence in support of the practice. It is known that religion is 
one of the most common ways by which patients cope with 
medical illness. Religious beliefs are known to be significant 
influences on medical decisions, especially those made by 
patients with serious illnesses. In addition, the faith com-
munity is a primary source of support for many medically  
ill patients, and such social support is associated with 

better adherence to therapy and improved medical outcomes. 
 Several surveys have revealed that from the patient’s point of 
view, satisfaction with the emotional and spiritual aspects of 
care had one of the lowest ratings among all clinical care 
indicators and was one of the highest areas in need of quality 
improvement.10

The purpose for taking even a brief spiritual or religious 
history is to learn how patients cope with their illnesses, the 
kinds of support systems available to them in the community, 
and to learn of any strongly held beliefs that might influ-
ence the delivery of medical care. Venturing into this deli-
cate area is obviously fraught with some hazards. We must 
be extremely cautious about prescribing religion to nonre-
ligious patients, forcing a spiritual history on patients who 
are not religious, causing patients to believe our practice 
and specific ways, attempting to provide spiritual counsel to 
patients, and arguing with patients over religious matters.10 
It is also imperative for us as surgeons to be comfortable 
enough with our own beliefs to allow our patients to pray 
for us, according to the faith of their own religion. No com-
ment more than a simple and sincere “thank you” is usually 
indicated.

Legal Principles

General Concepts

Types of Law

In USA, law is created in one of two systems: Federal or 
State, and is made by judges (common law), legislatures 
(statutory law), and executive agencies empowered by leg-
islatures (regulatory law). The fundamental document that 
creates and delineates these powers is the Constitution. Civil 
law, including malpractice, is usually enforced by monetary 
judgments. Criminal law, including physician-assisted sui-
cide, is usually enforced by fines and/or imprisonment.2

There are three kinds of law, which affect the practice 
of surgery: statutes, regulations promulgated by an admin-
istrative agency, pursuant to a statute, and case law. The 
legislatures are the designated policy-making entities in 
our system; regulations are written to comply with legisla-
tive directives, and the courts are charged with resolving 
disputes between parties, usually as directed by statute, if 
there is a relevant one. Courts issue written opinions when 
there is a conflict that results in a lawsuit, especially when 
the interpretation of a statute or a regulation is in question. 
The most difficult situations are those where the court is 
faced with a matter of “first impression,” which the legis-
lature has not specifically addressed. The courts, and their 
written opinions, on this type of case, frequently ask the 
legislature for guidance in future situations. Until the leg-
islature acts, the written opinion of the court is the only 
guidance physicians have, and hospital counsel sometimes 
must interpret this.
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Doctors should be generally familiar with state law. There 
are different state laws on many bioethical matters, such as 
definition of death, competency, organ donation, and now 
the use of embryonic stem cells, even for research only. 
Many doctors move from state to state during their careers, 
and general understanding of state laws governing situations 
which may confront them in surgical situations is crucial. 
However, most important legal principles that apply to ethi-
cal dilemmas in delivering surgical care are widely accepted 
among several states. There are some glaring discrepancies 
in these commonalities, including the neurologic criteria for 
death (a person may be legally dead in one state and not in 
another) and the legality of physician-assisted suicide (pun-
ishable as a crime in all states except Oregon, Washington, 
and Montana).

Statutory Law

Statutory law is made by legislatures and includes such issues 
as the statute of limitations, which defines how long after an 
adverse event a patient is able to sue a physician for malprac-
tice, and, in some states, statutes on informed consent.

The Emergency Medical Treatment and Labor Act 
(EMTALA) is another example of a federal statutory law. 
It was originally enacted as part of the Consolidated Omni-
bus Budget Reconciliation Act of 1986. Congress enacted 
EMTALA as a remedy for “patient dumping.” The legislature 
was particularly concerned about hospitals refusing to render 
emergency care because of lack of insurance or the economic 
ability to pay, but it soon came to realize that care was also 
being refused on the basis of race or other discriminatory 
criteria. The Act requires that a basic screening examination 
be provided to all patients seeking care. It therefore became 
illegal, as well as unethical, to withhold therapy from the 
poor just because they do not have the ability to pay.11

Compilation of statistics from major county hospi-
tals across the country concluded that as many as 650,000 
patients were “dumped” annually, and the resulting transfer 
led to substandard care and/or life-threatening situations in 
25–33% of that number. The economic impact of EMTALA 
on hospitals and physicians has been enormous. Patients 
without the means to pay for medical care know that they 
cannot be turned away from the emergency room. Therefore, 
they use it as their primary care facility. That means that 
hospitals, physicians, and surgeons are carrying the burden 
of the nation’s uninsured, often without adequate compensa-
tion. For many health-care facilities, this money lost in the 
emergency room can mean the difference between bank-
ruptcy and solvency.12

Regulatory Law

These administrative laws are created by regulatory agencies 
including State Medical Boards. Recent examples of regu-
latory law include not only EMTALA but also the recently 
implemented Health Insurance Portability and Accountability 

Act of 1996 (HIPAA). HIPAA, like EMTALA, was intended 
to protect patients’ rights of privacy and to guarantee them 
continuation of health insurance coverage should they 
change employers. Also, like EMTALA, HIPAA has taken 
on many ramifications threatening a huge economic impact 
on the escalating costs of delivering medical care. Although 
the good aspects of it are necessary and noble, the burdens 
of increased costs will cripple some health-care facilities 
and will probably significantly curtail many clinical research 
endeavors.

Malpractice

The public and the legal community do not seem to accept 
that there is an element of uncertainty and unpredictability 
in a biological system. They seem to understand that eleven 
men on a playing field cannot score a touchdown on every 
play, but a surgeon is held to a standard of achieving perfec-
tion on every operation. An ethical, as well as legal, con-
sideration is as follows: what to do when we fall short of 
perfection or, worse, make a blatant error while trying to 
do the best we can. Several factors come into play. Who is 
responsible if you did not actually do the damage yourself? 
What to tell the patient and the family? How to comply with 
the policies of legal counsel and risk management within 
your own institution?

Many successful legal actions against surgeons have been 
based on inadequate information about risks, complications, 
or adverse outcomes. A surgeon must be able to admit to 
unwanted events in an honest and compassionate manner. It 
is clearly possible to accept responsibility without admitting 
negligence. It never hurts to admit that you are sorry things 
had not gone exactly as planned, but that you must go for-
ward, as efficiently as possible, to correct the situation. At 
this point, a surgeon should never hesitate to seek consulta-
tive assistance whenever it might seem helpful. It is never 
helpful to shift blame to a resident, an assistant, a nurse, a 
referring physician, or the institution itself. If anyone is to be 
sued, everyone will be sued, and divisiveness usually dam-
ages everyone. Unfortunately, it is also of little help to blame 
the patient and to invoke the existence of adequate informed 
consent. How nice it would be to tell the morbidly obese per-
son that his postoperative complications should be blamed 
on his own indiscretions. Even informed consent, including 
risks based on the patients known status of precarious health, 
is of little help. A surgeon is not absolved of responsibility 
and concern by claiming “I told you so!”

Judges, not the legislature, establish the standards that 
constitute medical malpractice. The familiar elements of 
medical malpractice include duty, breach, causation, and 
damages. Decisions are based on the standard of care, and 
judges have developed the methods of determining the stan-
dards over many years, after the review of many cases. Thus, 
the courts rule on a specific set of facts that have already 
occurred. This is extremely frustrating for those practitioners 
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of surgery who need to know what the law would say in a 
particular situation, as it is occurring, not in retrospect.

Unfortunately, resolution of controversy over medical and 
surgical ethical issues has been the domain of law, not phi-
losophy or medicine. So far, perhaps because of legal con-
straints, medicine has been unable to “police itself.” Because 
the law has come to champion individual rights and hold 
physicians liable for malpractice, it has served to condemn 
medical paternalism as it has elevated patients’ rights. This 
has had the damaging effect of encouraging many physicians 
to become more concerned with avoiding litigation then with 
“doing the right thing.” The law has had understandable dif-
ficulty in sorting out the complicated physician–patient rela-
tionship, and thus law does not mandate ethical behavior in 
these relationships.

A Familiar Case-Management System

Physician-Based Ethics

General Principles

Mark Siegler, a physician, and his co-authors of “Clinical 
Ethics,” the fifth edition, present a technique for using case 
analysis as a practical approach to solving ethical dilem-
mas in clinical medicine. Contrary to most texts on health-
care ethics that are organized around the ethical principles 
of respect for autonomy, beneficence, nonmaleficence, and 
fairness, their publication provides a straightforward method 
for clinicians to use in sorting out the pertinent facts and val-
ues of any case into an orderly pattern that facilitates the dis-
cussion and resolution of ethical problems.13 Their technique 
corresponds to the way in which clinicians usually analyze 
actual cases. It assimilates the ethical principles and circum-
stances that comprise a method to facilitate the analysis of 
cases involving ethical issues.

The Clinical Ethics System

Siegler and his colleagues suggest that every clinical case, 
especially those raising an ethical dilemma, should be ana-
lyzed by means of the following four topics: (1) medical 
indications, (2) patient preferences, (3) quality of life, and 
(4) contextual features, defined as the social, economic, 
legal, and administrative context in which the case occurs. 
The authors emphasize that although the facts of each case 
can differ, these four topics are always relevant. The topics 
organize the various facts of the particular case and at the 
same time call attention to the ethical principles appropriate 
for each case. Their intent is to show clinicians that these 
four topics provide a systematic method of identifying and 
analyzing the ethical problems occurring in clinical medicine 
(Table 52-1).13

Examination of the table shows that the authors have clearly 
related to clinical situations the basic ethical principles  

previously described. They go on to emphasize that most 
ethical conflicts can be resolved by falling back on the medi-
cal indications that represent the medical facts of the case. 
This information, plus the second category of patient prefer-
ences, almost always will lead the clinical surgeon to a reso-
lution of the ethical problem. If the ethical dilemma results 
from conflicts among the patient, the family, the health-care 
team, or institutional policy, then adequate resolution may 
become dependent on applying analysis of the additional 
categories, quality of life, and the array of contextual fea-
tures. It is amazing how often reviewing and relying on what 
the medical facts of the situation actually are can clarify the 
intensity and emotion of even the most complex situation.

Specific Dilemmas of Colon  
and Rectal Surgery

Special Considerations for Colon  
and Rectal Surgeons

We understand that we have chosen a surgical career which 
includes resolving perplexing problems of anorectal disease, 
pelvic floor malfunction, and incontinence which cause 
daily significant discomfort for the patient and have fre-
quently been mismanaged, for a long period of time, by our 
nonspecialized colleagues. This places us, frequently, in the 
position of not only having to resolve the technical surgical 
aspect of the problem but also having to explain the previous 
misdiagnosis or mismanagement by other physicians, a chal-
lenging ethical dilemma.

In addition to the seemingly simple anorectal disease, 
most of our careers also encompass management of some 
of the most complicated inflammatory bowel disease and 
cancer. This casts us into a position of having to deal with 
multiple components of the modern health-care team daily. 
We know that no one should ever have to die from colorectal 
cancer because it can be prevented or diagnosed at an early, 
or even premalignant, stage. Thus, we become actively 
involved with screening, preventive measures, understand-
ing genetic predisposition to disease, and even the need for 
what has come to be called preemptive surgery. Because 
of the diseases that we treat, we must understand the sci-
ence of current genetics as well as the appropriate clinical 
utilization of genetic testing, including the challenges of 
respecting confidentiality and requesting genetic counsel-
ing to deal with the long-term aspects involving not only 
the patient but also the family members who may not wish 
to be included in the discovery of genetic predisposition to 
disease. All of these present an intense need for dealing with 
frequent ethical challenges, especially the need for increas-
ing preemptive surgery, subjecting a well person to major 
surgery with significant risk of complications or impact on 
lifestyle and body image. In fact, because of our experience 
and expertise in pelvic surgery and the construction and 
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Table 52-1. The four topics: case analysis in clinical ethics

Medical Indications Patient Preferences

The Principles of Beneficence and Nonmaleficence The Principle of Respect for Autonomy
1. What is the patient’s medical problem? history? diagnosis? prognosis?
2. Is the problem acute? chronic? critical? emergent? reversible?
3. What are the goals of treatment?
4. What are the probabilities of success?
5. What are the plans in case of therapeutic failure?
6. In sum, how can this patient be benefited by medical and nursing care, 

and how can harm be avoided?

1. Is the patient mentally capable and legally competent? Is there evidence 
of incapacity?

2. If competent, what is the patient stating about preferences for treat-
ment?

3. Has the patient been informed of benefits and risks, understood this 
information, and given consent?

4. If incapacitated, who is the appropriate surrogate? Is the surrogate using 
appropriate standards for decision making?

5. Has the patient expressed prior preferences, e.g., Advance Direc-
tives?

6. Is the patient unwilling or unable to cooperate with medical treatment? 
If so, why?

7. In sum, is the patient’s right to choose being respected to the extent pos-
sible in ethics and law?

Quality of Life Contextual Features

The Principles of Beneficence and Nonmaleficence and Respect  
for Autonomy

The Principles of Loyalty and Fairness

1. What are the prospects, with or without treatment, for a return  
to normal life?

2. What physical, mental, and social deficits are the patient likely  
to experience if treatment succeeds?

3. Are there biases that might prejudice the provider’s evaluation  
of the patient’s quality of life?

4. Is the patient’s present or future condition such that his  
or her continued life might be judged undesirable?

5. Is there any plan and rationale to forego treatment?
6. Are there plans for comfort and palliative care?

1. Are there family issues that might influence treatment decisions?
2. Are there provider (physicians and nurses) issues that might influence 

treatment decisions?
3. Are there financial and economic factors?
4. Are there religious or cultural factors?
5. Are there limits on confidentiality?
6. Are there problems of allocation of resources?
7. How does the law affect treatment decisions?
8. Is clinical research or teaching involved?
9. Is there any conflict of interest on the part of the providers or the 

institution?

Source: Reprinted from Jonsen et al.,13 with permission from McGraw-Hill Companies.

management of intestinal stomas, we are often confronted 
with such quality-of-life issues as body image and impair-
ment of sexual function.

Dealing with our many patients, and their families, who 
have inflammatory bowel diseases such as Crohn’s disease 
requires us to maintain long-term, perhaps for generations, 
contact with and care for our patients, much the contrary of 
our public image of being just “technicians” who do a short-
term repair job and then have no other ongoing relationship 
with our patients.

Because of the complexity of the diseases on which we 
operate, including those in areas with difficult access and 
high risk of postoperative complications and recurrence of 
malignant processes, we often find ourselves on the lead-
ing edge of surgical innovation and instrumentation. This 
creates the ethical challenges of differentiating acceptable 
surgical innovation from truly investigative ventures that 
require research protocols and institutional approval. We 
must deal with the interpretation and implementation of 
autonomy versus paternalism as we guide our patients to the 
best choices for their care. Sick patients and those suffer-
ing from advanced cancer will grasp at straws. They want 

anything on earth that might help. In such a situation, it is 
important for the surgeon-scientist to avoid exploiting this 
universal hope of sick patients by carrying out an operation 
that is inadequately tested.14 Because of these challenges of 
innovation, we are also frequently thrust into the potential 
conflict of interest between ethical surgery and the pharma-
ceutical and instrumentation industries.

Needless to say, because of the many things that we have 
to offer and the need to be concerned with our own long-term 
financial security in the face of reimbursement and legal chal-
lenges, we must walk the narrow line between providing the 
best care possible for all of our patients and complying with 
our own personal needs and those of our families. Claude 
Organ explained that “So much of our orientation today 
serves to erode our spirit as caregivers.” He goes on to say 
that surgery is under increased public surveillance, and we 
are consumed by endless paperwork, administrative hassles, 
ponderous bureaucracy, professional liability concerns, inad-
equate reimbursement for our work, limited access for our 
patients, an impersonalized system, and increasingly burden-
some documentation. He cites the increasing federal mandates 
of the Health Insurance Portability and Accountability Act, 
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the Emergency Medical Treatment and Active Labor Act, and 
the Program for Appropriate Technology in Health audits. He 
goes on to quote the highly respected surgical mentor, Haile 
Debas as saying, “professional status is not an inherent right 
but one granted by society…. This obligates surgeons to put 
their patients’ interests above their own.”15

Categories of Patient Encounters

Severe Emergency: Life in Immediate Jeopardy

An example would be a critically ill person brought in from 
a severe motor vehicle accident or one who has suffered a 
serious gunshot wound. Certainly, there is no preestablished 
doctor–patient relationship, there is little chance that there 
will be a reliable surrogate, and many ethicists have ques-
tioned if a patient in such dire straits ever has decision-mak-
ing capacity.

Urgent: Serious Problem Needing Surgery

An example would be a patient brought in with peritonitis. 
The individual may be in hypovolemic shock, is terrified, is 
in great pain, but is still cognizant of the situation and what is 
happening. There certainly is no preexisting doctor–patient 
relationship, and no one is absolutely sure of the decisional 
capacity, especially if the patient disagrees with the recom-
mendation of the surgical team. In a case such as this, where 
there is some but not much time, the presence of a surrogate 
and clearly described advance directives would be extremely 
helpful.

Semi-Elective: Will Probably Need Surgery

An example would be an elderly patient with known exten-
sive intra-abdominal cancer who presents with a significant, 
unresolving intestinal obstruction. It is clear that the obstruc-
tion can only be relieved by surgery, but it is not clear that this 
will be beneficial to the patient. In this case, determination 
of decisional capacity, the existence of advance directives, 
or the presence of a reliable surrogate is very important, and 
there is enough time to pursue the intended desires of this 
patient.

Autonomy/Decision-Making  
Capacity/Competency

General Concepts

Autonomy vs. Paternalism: Trust Is the Bridge

Individual freedom is one of the basic tenets of modern  
bioethics. This freedom is usually referred to as autonomy. 

This principle implies that a person should be free to make 
his or her own decisions. It is somewhat the antithesis of the 
medical profession’s long practiced paternalism whereby 
the physician acted on what he or she thought was good for 
the patient, whether or not the patient agreed. The concept of 
autonomy applies to many interpersonal relationships and is 
essentially a respect for each person as an individual.

It has been difficult for many physicians, perhaps espe-
cially surgeons, to accept the principle of patient autonomy. 
This is not difficult to understand because accepting this 
principle implies a change in the physician’s relationship 
with the patient. The physician must now be a partner in his 
or her patients’ care, and must become an educator, teach-
ing uninformed patients enough about their diseases to make 
rational decisions, and most distressing, to allow autonomous 
patients to make foolish choices. For physicians dedicated to 
helping their patients, allowing them to select what the phy-
sician considers a terrible treatment option, or even refusing 
treatment altogether, is a very frustrating change.7

On the other hand, experienced surgeons know that their 
patients significantly rely on them for guidance through com-
plicated choices, often where life itself is on the line. This is, 
of course, a form of paternalism which our patients request 
and to which they are entitled. The key to accomplishing this 
ethically and successfully is based on the principle of trust. 
For surgeons, establishment of this trust must begin at the 
inception of the relationship and sometimes must be very 
quickly accomplished. It is sometimes very difficult for our 
nonsurgical colleagues to understand and accept this element 
of paternalism required in the surgeon–patient relationship.

The crucial issue for the surgeon seeking autonomous 
informed consent is the decision-making capacity or compe-
tence of the patient involved. Understanding the differences 
between these terms is important, especially if the patient 
disagrees with the advice of the surgeon or refuses poten-
tially life-sustaining treatment.

The determination of decision-making capacity involves 
more than just completing a mental status examination and 
includes the ability of the patient to take in information, 
to evaluate a decision based on personal values, to make 
a decision, and to communicate the choice of decision to 
the physician. The concept of medical decision-making 
capacity is one based on the evaluation by the team pro-
viding medical and surgical care. This is distinguishable 
from a legal determination of incompetence. A patient is 
always assumed to be legally competent unless a court has 
declared otherwise. For example, patients may not have 
been declared incompetent by a court but may have lost 
the capacity to make decisions about their medical care 
because of their current medical status, including such 
conditions as intoxication, stroke, hypoxia, blood loss, 
dementia, or severe trauma. The determination of decision-
making capacity varies in stringency with the seriousness 
of the impact of the decision. For example, the more severe 
the risk posed by the patient’s decision, the more stringent 
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should be the standard of determining capacity. This provides 
an increased protection for patients of questionable capacity 
when the potential harm from their decision is greater. This 
reaches the pinnacle of importance when a patient refuses 
treatment for a potentially life-threatening condition. These 
decisions are often difficult to make in the emergency envi-
ronment, and the treating surgeon must sometimes make 
practical ethical decisions that go beyond the basic law of 
informed consent.

Refusal of Treatment

Ethical dilemmas usually occur when there is disagreement 
among the patient, the family, and the health-care team. The 
clearest example is a patient’s refusal to accept the recom-
mended treatment. This is especially critical for the patient 
who has decision-making capacity and refuses potentially 
life-sustaining treatment. The US Supreme Court, in the 
Cruzan case, upheld the right of persons to refuse lifesaving 
medical treatment, including resuscitation, ventilators, arti-
ficial nutrition and hydration, and lifesaving blood transfu-
sions. The Court based its decision on “the right of every 
individual to the possession and control of his own person, 
free from all restraint or interference of others, unless by clear 
and unquestionable authority of law under the liberty inter-
est, protected by the Due Process clause of the Fourteenth 
Amendment of the Constitution.” The courts have, however, 
identified four state interests that override the refusal or ter-
mination of medical treatment on behalf of competent and 
incompetent persons, including the preservation of human 
life, the protection of the interests of innocent third persons, 
the prevention of suicide, and the maintenance of the integ-
rity of the medical profession.

In exercising their rights under the autonomy principle, 
each competent patient has a right to refuse treatment, even 
if the results of such refusal will be their death. This type 
of situation comes up most often in the case of religious or 
cultural beliefs. Jehovah’s Witnesses are probably the most 
familiar example of this type of dilemma. They refuse to 
accept blood transfusions, based on their religious beliefs. 
Such refusal, especially where major surgery is indicated, 
clearly poses the likelihood of avoidable death. Still, the 
competent patient’s autonomy must rule. There may be situ-
ations where the treating surgeon feels that the competency 
of the patient refusing treatment may be in doubt. In such a 
case, if time permits, to protect the doctor and the hospital, it 
may be appropriate to get a court order permitting the indi-
cated procedure or blood transfusion. The courts will weigh 
the possible benefits of the treatment against the potential 
negative effects, risks, and the potential burdens on the 
patient, and they will issue a ruling. This ruling will insulate 
the treating physician and the institution from legal liability. 
There are situations where parents or guardians are involved 
in refusal to accept and allow treatment on behalf of miners. 
These are the most common instances where court interven-
tion is sought, and to resolve the problem, the courts must 

balance the best interests of the child against the desires of 
the parents.

For sure, refusal of a life-sustaining medical treatment 
should be accompanied by a full assessment of decision-
making capacity and by an understanding from the patient of 
the consequences of refusal. If uncertainty prevails, the sur-
geon on the firing line should still “err on the side of life.”

Telling the Truth/Disclosing Errors

General Concepts

Physicians have a duty to tell the truth to their patients. This 
seems so obvious that it merits no further discussion. How-
ever, there may be circumstances where telling the whole 
truth to a patient will have a negative impact on his or her 
overall well-being. If the physician believes that telling the 
patient everything about the condition in question, which is 
a duty, will have a dramatic negative effect on the patient’s 
well-being, the physician must decide which duty is more 
important in each particular situation.

Truth telling also would apply in situations involving med-
ical mistakes, even those mistakes that are minor and argu-
ably have no detrimental effect on the patient. To illustrate 
this point, let us consider a doctor awakened in the middle 
of the night who orders 1 mg of a drug, when the appropri-
ate dose is 0.1 mg. The overdose has no detrimental effect 
on the patient; so, does the doctor still have a duty to reveal 
the error that he made? Ostensibly, this question would seem 
to be easy to answer: just tell the truth! However, if inform-
ing a patient whose confidence in the medical profession is 
very low, and his mental stability might be diminished by 
finding out about a medical error, notwithstanding the fact 
that the error had no detrimental effect, do doctors still have 
a duty to tell the truth? In this situation, it might violate the 
duty of nonmaleficence by doing something that will hurt 
the patient.

Prognosis: Balance Between Giving False Hope 
and Removing All Hope

We are all involved in operations whose desired outcomes 
are not met. Managing these patients through the entire 
course of their disease, and sometimes death, is an important 
part of being a good physician and surgeon. This becomes 
even more important as the population ages and we encoun-
ter older patients with multiple comorbidities. Especially in 
these older, high-risk patients, even what is anticipated to 
be a fairly straightforward operation may have unexpected, 
adverse results. It forces us to remember the old adage that 
not everyone needs to die with an incision. Predicting prog-
nosis, much less conveying it well to the patient and the fam-
ily, is a difficult skill with little data to help us. We need to 
communicate with the public the fact that we would welcome 
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the ability to forecast outcomes accurately especially for 
older patients, with higher risks, and in emergency situa-
tions. We truly cannot distinguish which ones may actually 
do well from such high-risk operations. This necessitates us, 
as surgeons, to assume an important role in providing pal-
liative care even when complete surgical cure is no longer 
a possibility.16

Discussing prognosis with our patients and their families 
is one of the situations, which forces us most carefully to 
choose our words precisely. Even when we are forced by 
patients and families to use specific statistics, we must use 
them in a manner that is helpful and not totally destructive 
of hope. It helps to explain that statistics are better for 100 
people rather than for any given individual. It can be very 
expeditious for us to use statistics as a form of truth dump-
ing, but such an act can be devastating to a terrified, desper-
ate, and inadequately informed patient who is desperately 
clinging to any possible hope.

Patients with Impaired Decision-Making 
Capacity

Examples of patients having impaired decision-making capac-
ity include minors, mentally handicapped persons, those with 
organic brain disease or in toxic states, and those with psy-
chiatric conditions, including suicidal risk. Determining the 
point at which a “minor” has the capacity to make medical 
decisions is often very complicated and varies with the laws 
of an individual state.17 For example, an “emancipated minor” 
can make his or her own medical decisions. This includes 
individuals younger than the age of majority who are living on 
their own, are married, or are in the military.

Even patients with some forms of dementia cannot be 
regarded as having lost their decision-making capacity. 
Depending on the severity of their disease, they may well 
be able to participate in much of the decision-making pro-
cess. This of course depends on the status of their disease 
and on the complexity and implications of the decision to 
be made.

Suicidal Patients

Respect for autonomy has always had its limits. When treat-
ing a suicidal patient, the surgeon is faced with a conflict 
between the ethical principle of beneficence and respect 
for autonomy. Sorting out this dilemma is usually based on 
whether the suicidal patient is currently capable of making 
a rational, autonomous decision. It also raises the perplex-
ing question “can suicide sometimes be a rational choice?” 
Generally, surgeons intervene with the suicidal patient based 
on the assumption that the person is suffering from mental 
illness and impaired judgment. This assumption is usually 
correct, with 90% of suicides being found to be associated 

with mental illness such as depression, substance abuse, or 
psychosis.18

Therefore, relying on the principle of beneficence, sur-
geons almost always treat the injuries inflicted by suicidal 
patients despite their expressed intention to die. The conflict 
arises when the reasons for suicide appear “good,” such as 
in the case of the terminally ill cancer patient with severe, 
uncontrollable pain. Is the application of lifesaving interven-
tion truly a beneficent act in the patient’s best interest? Sev-
eral studies have shown that physicians rendering care in the 
emergency department are not likely to recognize treatable 
depression in their patients. These studies go on to confirm 
that 80% of patients who attempted suicide subsequently 
show that they do not continue to wish to die. Thus, although 
some patients might make a rational decision to commit sui-
cide, in most cases the surgeon delivering care must assume 
that the person’s judgment is impaired and proceed with full 
indicated, lifesaving measures.18

Advance Directives

General Principles: Talking About Death

Facility in routinely addressing end-of-life issues with surgi-
cal patients is critical because it allows the surgeon to raise 
difficult questions with patients during the earlier phases of 
their disease process. Often, the issues that are most diffi-
cult to address when patients near the end of life are those 
that have not been attended to earlier in the patient’s course of 
treatment. Such early discussion allows the surgeon and 
the patient to discuss limits on treatment at a time when 
the patient is able to participate in the process. Usually, we 
surgeons are intent on cure, and the prospect for death after 
most of our routine procedures seems very remote. However, 
these discussions are more important than ever because we 
now have more options available to prolong life than existed 
just a few decades ago. In addition, social changes have led 
to greater participation by patients in the medical decision-
making process. With the increasing mobility of our society 
and the changing allocation of primary care physicians, we as 
surgeons often do not have the backup of a well-established 
physician–patient relationship. Add to this the very visible 
rise in public debate over euthanasia and physician-assisted 
suicide; and we can understand the concern the public has 
over-perceived, or actually, deficiencies in how patients are 
managed at the end of life.19

When a patient does not have the decision-making capacity 
to give informed consent, or when there is no time to ask the 
patient or his or her surrogate about treatment preferences, 
advance directives express in written form what the patient’s 
choices would have been if he or she had decision-making 
capacity. Advance directives include living wills, durable 
powers of attorneys, and other written documents. In 1991, 
the federal government passed the Patient Self-determination 
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Act (PSDA), which required that health-care institutions 
advise and educate patients regarding advance directives. 
This affected all institutions participating in the Medicare 
and Medicaid programs. This law was supposed to increase 
the use of advanced directives and thus prevent unwanted 
care. In fact, a major study of advanced directives and seri-
ously ill patients revealed that the PSDA had little impact on 
health care in USA. This was revealed in the Study to Under-
stand Prognoses and Preferences for Outcomes and Risks of 
Treatments (SUPPORT), which showed that only 20% of 
seriously ill patients had advance directives even after the 
SUPPORT intervention and the PSDA.20

Despite these studies, it is still imperative for surgeons 
to understand the principles involved and the advantages of 
advocating for appropriate advance directives for our patients 
and their families. An advanced directive is any proactive 
document stating the patient’s wishes in various situations, 
should they be unable to state their own wishes.

Some states have specific language for each of these docu-
ments and provide reciprocity for other states. Both the living 
will and a durable power of attorney can be prepared without 
the benefit of state-approved language as long as the intention 
of the person executing the document is clear. Such directives 
provide advanced informed consent for a myriad of courses 
of treatment, whether it be related to pain medication, “do 
not resuscitate orders,” or management, should the individual 
enter some level of persistent vegetative state. In a complete 
set of these documents, the patient has given full thought 
to all of the possibilities that might occur and has decided 
what course of treatment would be his or her choice. Unfor-
tunately, most patients have not executed these documents, 
or they have not given sufficient thought to what their wishes 
are. Furthermore, many times, when a power of attorney is 
granted to a surrogate decision maker, the surrogate does not 
have a full discussion of the wishes of the signatory.

Living Will

The living will, which was adopted by many states in 1990, 
is a document suitable for terminally ill patients where the 
treating physician accepts the patient’s wishes regarding 
withholding of care, including requests restricting heroic 
resuscitative efforts, in advance. Many state that no life sup-
port be used in cases where meaningful recovery will not 
occur. In a living will, the signatory indicates what his or her 
choices would be for medical treatment in the situation where 
death is imminent, and the individual’s wishes are unable to 
be communicated to the treating physician. Under most state 
laws, living wills indicate the signatory’s desire to die a natu-
ral death and indicate unwillingness to be kept alive by the 
so-called heroic measures. This usually amounts to a “Do 
Not Resuscitate” order. In some states, this also indicates 
the patient’s wishes concerning the level of pain medication, 
hydration, and nutrition, which the patient would desire if he 
or she lapses into a nondecisional condition. In most states, 

the activation of the terms of a living will require an imminent 
demise and a second physician’s opinion corroborating that 
determination. Unfortunately, many people believe that the 
living will is the best form of advanced directive and do not 
realize that it is intended only for the terminally ill.

Durable Power of Attorney

A durable power of attorney for health care specifies a surro-
gate decision maker in the event that the patient no longer has 
the capacity to make medical decisions. The durable power 
of attorney is a written document that gives the authority to 
another person, usually a spouse or a relative, to make deci-
sions regarding health care if the patient is incapacitated and 
unable to make decisions for himself or herself. The reason 
it is called “durable” is to ensure that the signatory knows 
that it can be revoked and/or changed at any time. This pro-
vides the freedom to change both who the surrogate is and 
what the patient’s stated wishes, if any, are. This is important 
in situations such as divorce were the person executing the 
power of attorney may want to change the surrogate before 
the divorce becomes final or in those family situations where 
dynamics create a desire to change the surrogate.

Thus, the patient designates a surrogate decision maker 
who should participate in all significant treatment decisions 
and be kept up to date regarding the patient’s health care. 
The durable power of attorney works best when the patient 
has discussed with a surrogate his or her values and beliefs, 
as these would apply in making complex decisions regard-
ing health-care issues. If there is no durable power of attor-
ney, surrogate decision makers may be sought based on state 
laws. There is usually a defined hierarchy regarding surro-
gate decision makers: spouses, adult children, siblings, and 
so forth. Such a surrogate decision maker must be acting in 
the best interest of and according to the wishes and values of 
the patient. The durable power of attorney is a better form of 
advanced directive than the living will because in the former, 
a surrogate can be educated about the nuances and options 
regarding each stage of treatment or nontreatment.20

Problems

In many situations, the surrogate has the legal authority to 
make a decision but is not aware of what the patient would 
want. This is the fault of the patient. All persons, when nam-
ing a surrogate decision maker, have a responsibility to fully 
explain what they would want in certain medical treatment 
situations. Failure to do so puts the burden on the surrogate 
to speculate what the patient would do if he or she was able 
to make the decision.

There are two standards that apply in the situation where 
the surrogate has not been informed of the patient’s wishes. 
One is the substitute judgment standard. When using this 
standard, the surrogate bases a decision on a prior expressed 
statement of the patient’s preferences or on an in-depth 
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knowledge of the personality of the patient and a  willingness 
to do what the surrogate believes the patient, not the sur-
rogate, would want in that specific situation. The second 
standard is that of the best interest of the patient. This is 
obviously a far more nebulous concept and occurs where the 
surrogate has not had any specific communication with the 
patient about the specific type of situation and is not cogni-
zant of any particular patient preferences. In this situation, 
the surrogate is supposed to do what he believes is in the 
best interest of the patient. This is an important distinction 
to make and emphasizes the difference between doing what 
the patient would want done in a given situation, and having 
someone else decide what he or she thinks is best.

A further problem with advanced directives that limit full 
implementation of medical care is the application of such 
directives in situations for which they were not intended. An 
example that confronts the colon and rectal surgeon is an 
elderly patient who is recovering from a complicated colon 
resection for curable cancer and develops postoperative 
pneumonia requiring presumed short-term ventilating sup-
port. Should such a patient not be intubated because of an 
advanced directive indicating “do not resuscitate”? In such 
a case, it would be a serious error to respect the advanced 
directive and not to treat the patient aggressively. It is clearly 
probable that the patient would have wanted treatment under 
these circumstances.

There must also never be confusion when the patient is able 
to relate his or her preferences to health-care providers. Verbal 
communication takes precedence over any written advanced 
directive. In addition, when there is any confusion about the 
advanced directive, disagreement among family members, or 
concern that it was not meant for the clinical circumstance 
at hand, advanced directives limiting treatment should be 
ignored in favor of prudent medical care. In general, it is 
always wise for health-care providers to err on the side of life 
and to begin standard medical treatment. Treatment options, 
such as mechanical ventilation and hemodynamic support, can 
always be withdrawn at a later time once issues are resolved 
and the family is present. In such situations, the hospital ethics 
consultation service can often prove very helpful.

Perhaps the major problem, at this point in time, is that 
there is little evidence that advanced directives have made 
a significant impact on health-care delivery in USA.20 We, 
as surgeons, should do all within our power to reverse this 
situation.

Informed Consent

General Concepts

Studies have revealed that doctors may not adequately 
inform patients, patients may not understand the information, 
and such information rarely affects the patient’s decision to 
follow the physician’s recommendations. Despite these facts, 

American courts have long held that a patient’s informed 
consent to a medical or surgical procedure or test is essential. 
The physician must give the patient sufficient information to 
make an intelligent decision before any action is performed. 
The laws dealing with informed consent require the surgeon 
to describe to the patient the nature of the procedure, risks, 
benefits, and alternatives, including no treatment at all. Ethi-
cal consensus on just how much disclosure is adequate is 
still very controversial. What is clear is that permission must 
be given voluntarily, that is, without coercion from the phy-
sician or anyone else involved in rendering health care or, 
especially, those participating in the implementation of a 
research project.

The current interpretation of the law requires several ele-
ments to constitute informed consent. These are the criteria 
that the physician must disseminate to the patient or acting 
surrogate to meet that standard:

(a) What is the treatment that the doctor wishes to pursue, 
including a full explanation of the procedure and what it 
involves, including the necessity for anesthesia and other 
support functions?

(b) For what reason has the doctor selected this particular 
treatment, including the doctor’s judgment as to why this 
procedure is chosen to alleviate, cure, or minimize the 
medical/surgical problem?

(c) What are the risks of the recommended treatment, 
including an explanation of both the risks of the treat-
ment itself and of any corollary threats to the patient? 
Surgeons should, in satisfying this requirement, include 
discussion of their own particular experience with the 
procedure as well as that of the hospital and the medical/
surgical colleagues who will be assisting.

(d) What benefits will the patient receive from the proposed 
treatment? This is similar to the choice of treatment 
information previously described in that it requires the 
doctor to explain what the potential benefits will be from 
the procedure.

(e) What are the chances that the proposed treatment will 
remedy the problem? This is similar to the informa-
tion included when describing “benefits and risks” and 
should also include a description of the past experience 
of the surgeon in performing this specific procedure, as 
well as the outcomes that the surgeon has obtained.

(f) What alternative treatment options exist for the given prob-
lem? This is similar to explaining the choice of treatment 
but emphasizes what other treatment options are available, 
and why this surgeon has chosen this particular procedure.

(g) What effect will refusal to accept the proposed treatment 
have on the patient? This must entail a frank discussion 
of the ramifications of failure to receive the suggested 
treatment and whether it is life threatening, or of a lesser 
degree of medical difficulty. This is the part of the dis-
cussion where the surgeon must be most sensitive to the 
patient’s religious, cultural, and ethnic background.



866 I.J. Kodner et al.

Here, the law requires that the sufficiency of the level of 
information will be judged from the patient’s point of view, 
not the doctor’s. If a surgeon explains a proposed treatment 
to the patient in terms that only another surgeon can under-
stand, then the patient is not truly informed. This simply 
boils down to communication skills and the obligation to 
accurately record this discussion in the medical chart prior 
to performing the recommended surgical treatment. Every 
profession has its own terms of art or jargon. Physicians 
must strive to ensure that the language they use is clearly 
understandable. Achieving acceptable levels of communica-
tion may be complicated by language, cultural, and socio-
economic factors. A manager responsible for building a new 
jetliner was credited with saying, “The main problem with 
communication is the illusion that it has actually occurred.” 
All too frequently patients and families come away from 
discussions with surgeons where the surgeon thinks he has 
effectively communicated and the patient and family seemed 
to understand, but they did not. Sometimes it just boils down 
to faith in the doctor, or an individual’s unwillingness to 
reveal his or her lack of comprehension. The physician must 
use common sense in determining whether fully informed 
consent has truly been granted, taking into account that some 
cynics claim, “The problem about common sense is that it is 
not common.”

As with every rule of law, there are certain exceptions 
to the requirement for informed consent. When there is an 
emergency situation that could result in the death of the 
patient, when time is of the essence, and when there is no 
surrogate decision maker present, the consent requirement 
is waived. Similarly, when the situation is not an emergency, 
but the patient is for one reason or another not able to give 
consent due to unconsciousness, coma, mental disability, 
or other cause of inadequate decision-making capacity, and 
when there is no advance directive, or surrogate, informed 
consent is not necessary. There is also a therapeutic excep-
tion to the rule. If the physician believes that revelation of 
the normally required information would have a negative 
effect on the patient’s health, fully informed consent is not 
necessary. This usually arises in the context of a psychiatric 
patient. Also, when a competent patient refuses to receive 
information upon which to base a decision, this require-
ment is waived. There can also be a waiver of the necessity 
for informed consent when the government requires certain 
medical tests or treatment in the face of possible medical or 
national security emergencies.

A common misconception among those rendering emer-
gency care is that anyone who presents to an emergency facil-
ity falls into the emergency exception to informed consent. 
The emergency exception allows a physician to treat a patient 
without obtaining informed consent. This exception requires 
the following: the patient must be unconscious or without the 
capacity to make a decision, and no one else legally autho-
rized to make such a decision is available; time must be of 
the essence in avoiding risk of serious bodily injury or death; 

and under the circumstances, the action proposed would be 
that to which a reasonable person would consent. The emer-
gency exception does not apply if the patient has decision-
making capacity and is able to communicate a decision about 
medical care.2

Patient–Surgeon Relationship

Siegler explains that the three central ethical aspects of mod-
ern surgical practice are (1) clinical competence, (2) respect 
for patients and their health-care decisions, (3) maintaining 
the primacy of the patient’s needs in the face of external 
pressures in a changing social, economic, and political cli-
mate. Successful clinical practice has always been a unique 
blend of technical proficiency and ethical sensitivity, which 
together constitute the art of the physician and surgeon. Once 
sought out by the patient, the surgeon becomes involved in 
the patient’s problem. He or she is no longer a mere observer. 
Over the last few decades, the relationship between patients 
and physicians has been evolving from one of paternal-
ism, in which surgeons make choices for their patients, to a 
more equal and autonomous relationship of shared decision 
making, by which surgeons provide information that allows 
competent adult patients to make their own choices.21 For 
complicated surgical dilemmas, this can never evolve com-
pletely because patients depend on the surgeon and their 
other physicians to guide them to the correct choice.

Sometimes surgical procedures considered “standard 
of care” by the surgeon are refused, based on the patient’s 
values and beliefs. Such cultural challenges can affect the 
success of the patient–surgeon relationship and ultimately 
the health outcome for the patient. Ultimately, the surgeon 
must learn to take into account the cultural components of 
the relationship and find ways to respond to them in an ethi-
cally and medically responsible manner. In order to deal with 
these complicated situations, the surgeon is often required to 
reassess and be secure in his or her own religious and cul-
tural foundations.22

As Peter Angelos explains, the relationships that indi-
vidual patients have with their surgeons are as varied as are 
the different types of surgical problems with which patients 
present. Perhaps patients are required to have a great deal of 
trust in their surgeons because of the nature of surgical inter-
vention itself. This may result in patients frequently feeling 
a deeper personal bond with their surgeon than with many 
other physicians who may be involved in their care. Sur-
geons, as well as their patients, frequently feel the closeness 
of this bond. Angelos quotes Charles Bosk as explaining

The specific nature of surgical treatment links the action 
of the physician and the response of the patient more inti-
mately than in other areas of medicine... When the patient 
of an internist dies, the natural question his colleagues ask 
is, “what happened?” When the patient of a surgeon dies his 
colleagues ask, “What did you do?”
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When patients consider the surgeon to be “their doctor,” 
the surgeon must not ever underestimate the importance of 
maintaining this relationship even, or perhaps especially, as 
the patient approaches the end of life. The impact of a con-
cerned surgeon on a patient who is dying, or is incurable, can 
serve to dramatically affirm the appropriateness of comfort 
care instead of desperate, ineffective, and costly attempts to 
ward off death.19

Communication and the Internet

It seems so easy to be able to respond to a patient’s prob-
lem or to deliver information to them and their physicians 
by e-mail. With e-mail delivered via the Internet, there is 
no problem with timing of the conversation, no recordings, 
no time on “hold” for the doctor or for the patient. The only 
limitation seems to be the typing and spelling skills of the 
surgeon, usually problem enough.

Most of us have learned not to deliver complicated or bad 
news over telephone, unless we have made a previous agree-
ment with the patient and family to convey such informa-
tion to save significant travel or other inconveniences that 
are significant enough to preclude a face-to-face personal 
communication. Such situations are now increasingly com-
plicated because communication over the Internet is usually 
not secure, and the information delivered can become a per-
manent part of the patient’s record. A patient’s employer and 
family can usually acquire easy access to the electronic mes-
sage, potentially to the detriment of the patient, and poten-
tially leaving this sending physician legally liable.

For the medical and medical legal aspect, some of the 
material we send by e-mail we would never consider sending 
by “hard copy” unless we had obtained the patient’s specific 
permission to release such information. Currently, there are 
no guidelines available for the ethical transfer of confidential 
medical information via the Internet. Until such exists, and 
it is critical for physicians to participate in the establishment 
of such principles, all doctors are probably well advised to 
record in the patient’s permanent record that discussions 
were held and permission was given to communicate spe-
cific information electronically. Especially with the imple-
mentation of HIPAA requirements, until clearer guidelines 
are defined, surgeons should err on the side of no sensitive 
information to be delivered by e-mail or telephone.19

Of course, the other massive impact of the Internet is the 
availability of unlimited access to potentially confusing and 
harmful information to our patients. Remember, there is 
no quality control for the Internet. Unlike traditional pub-
lications with editors, peer-review standards, and vigorous 
screening, on the Internet, anyone with a computer can be 
a self-designated author, editor, and publisher. And this can 
be done anonymously with no attached responsibility. This 
will continue to have an enormous impact on the patient–
physician relationship because “knowledge is power,” and 

our patients and families are making use of that power. 23 
Not infrequently patients come to us with confusing and 
conflicting material from the Internet. A new part of our 
responsibility, as surgeons, is not only to guide our patients 
to appropriate and helpful Web sites but also to actively par-
ticipate in the construction and quality control of electronic 
information provided by the Internet in our own areas of 
expertise.

Using Newly Deceased Patients  
for Teaching Purposes

A unique problem exists for the medical/surgical team car-
ing for patients in the emergency department of a teach-
ing hospital. It involves using the newly dead for teaching 
purposes. This most commonly involves teaching medical 
students and residents the techniques of endotracheal intuba-
tion. The issue is, of course, do we have the right to perform 
procedures on this newly deceased person without obtain-
ing permission (informed consent) from the surviving fam-
ily. The dilemma is complicated by the fact that no better 
teaching opportunity exists for our trainees who can then go 
forward, when adequately trained, to save lives and relieve 
suffering in the future. Clearly, no harm can be done to one 
who is dead. Furthermore, to our knowledge, there are no 
state statutes that specifically prohibit the teaching of proce-
dures using newly dead patients, and no court has considered 
this issue. Although, before death a patient has constitutional 
protection against nonconsensual invasion of his or her body, 
it has been established by various state courts that constitu-
tional rights do terminate at the time of death.

Although the law in this situation is very forgiving, com-
passionate and ethical considerations should supervene. Sev-
eral medical studies have found that patients and families are 
likely to consent to such procedures but prefer to be asked 
permission first. Even the law advises that in this day and 
age of increasing recognition of personal autonomy, it is 
probably prudent to approach the next of kin for permission 
before performing procedures on the newly deceased.24

Special Concerns for Participation  
in Research/Innovation

General Concepts

Surgeons, by our very nature, are innovators. Sometimes, the 
only way we can complete an operative procedure is by mak-
ing a deviation from what has been standard procedure in the 
past. Since we operate on biological systems, we can never 
predict exactly what will be required for a given procedure. 
We often use old procedures for new purposes and without 
much hesitation use new equipment to accomplish old tasks. 
Thus, we often find ourselves in what McKneally refers to as 
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“the zone of innovation” where it is unclear whether what we 
are doing is an evolutionary variation on a standard proce-
dure, a unique departure from accepted standards, or the first 
stage of what should become recognized as a formal surgical 
research project.25 When should our deviations be subjected 
to full evaluation by an Institutional Review Board? How can 
a surgeon participate, with equipoise (the presumption that 
both arms of a study are equally efficacious) in a prospec-
tive randomized trial to evaluate a change that the surgeon 
has created to be better than the known standard? As Mar-
tin McKneally explains, most of the important advances in 
the history of medicine, such as anesthesia, appendectomy, 
antibiotics, intensive care, and immunization, were intro-
duced through an informal, unregulated innovative process 
that has been enormously productive but can easily lead to 
ratification of an effective or even harmful treatment by well-
intended physicians.25

Look at the recent challenges facing colon and rectal sur-
geons. We adopted the construction of ileal and now colonic 
pouches to improve the quality of life of our patients with 
inflammatory bowel disease and rectal cancer. The true effi-
cacy of these innovations came significantly later than their 
description and implementation by many of our colleagues. 
The use of minimally invasive techniques to accomplish what 
we were all trained to do via abdominal incisions was clearly 
initially driven by the new technology and by enthusiastic 
entrepreneurs who wanted to work on the frontier of inno-
vation. The premature exposure of these new techniques to 
the lay literature drove the process with even more intensity. 
Only recently have completed prospectively randomized tri-
als verified the realistic advantages of the new technology. 
We continue to sort out the appropriate use, for the benefit of 
our patients and their quality of life, of issues such as circu-
lar stapled hemorrhoidectomy, Natural Orifice Translumenal 
Endoscopic Surgery (NOTES) procedures, and robotic tech-
nology. What we need is a process for evaluation of surgical 
innovation, which provides ethical oversight without the pon-
derous slow pace inherent in most IRB-approved protocols. 
Surgical investigators and ethicists are currently crafting such 
a mechanism, which protects the rights and well-being of our 
patients without stifling progress and creativity.

Good research is described as that which enhances our 
ability to prevent illness or injury, to improve the qual-
ity or decrease the cost of care, or to improve the lives of 
our patients. Such research also must protect subjects and 
patients from harm, preserve their confidentiality, and allow 
them to enter freely as participants. Subjects and patients 
must be allowed to make an informed choice to participate, 
or not, without fear that their treatment might be compro-
mised if they decline the request of the investigator. For a 
research project to be ethical, it must also be well designed 
and must investigate an issue of importance for which the 
answer does not yet exist. Protocols must be scientifically 
sound and likely to yield meaningful conclusions. Good 
research is therefore ethical, and bad research is unethical.26

In June 1966, Henry Beecher published an analysis of 
“Ethics and Clinical Research.”27 This benchmark article 
accelerated the movement that brought human experimenta-
tion under rigorous federal and institutional control. Although 
Beecher was not the first to direct attention to abuses in 
human experimentation, this presentation of 22 examples of 
investigators who endangered “the health or the life of their 
subjects” without informing them of the risks or obtaining 
their permission was a critical element in reshaping the ideas 
and practices governing human experimentation.28

Special issues for informed consent arise when the surgi-
cal patient is asked to participate in a research project. The 
time for decision making is usually short, and the principal 
investigator of the project may also be the one administer-
ing care. This raises the issue not only of adequate informed 
consent but also of the risk for coercion of the patient to par-
ticipate in the study. The surgeon-researcher should abide by 
basic principles as outlined by the National Commission for 
the Protection of Human Subjects of Biomedical and Behav-
ioral Research and by the Declaration of Helsinki. There are 
also prevailing federal, institutional, and professional guide-
lines that govern human and animal research. To be ethical, 
studies must be well designed and worth the risk to patient 
and society. The institution’s review board should approve 
the study, and the investigator should take the responsibil-
ity to assure adequate informed consent, confidentiality, and 
appropriate protection of the patient’s well-being.1

All physicians must ensure that trials involving human 
subjects are of potentially significant value and are con-
ducted ethically. The Nuremberg Code obligates researchers 
to prepare descriptions of the probability and magnitude of 
all physical, psychological, social, and economic risks, and 
to minimize unnecessary pain and suffering. Consent must 
be voluntary and without any element of force, coercion, or 
deceit.11 When discussing the potential risks of a proposed 
procedure, it is essential for the person seeking consent to 
quantify minimal, low, or high risk using examples from 
everyday life. Potential benefits from a research project may 
apply to the individual, to society, or to both. When discuss-
ing the benefits of a proposed study, one must distinguish 
clearly between therapeutic and nontherapeutic research. 
Researchers must clearly differentiate, for the patient, the 
balance between potential benefit to the patient and any 
potential risks associated with the protocol. No matter how 
great the benefit to society, it would not be ethical to expose 
a subject to anything greater than minimal risk if there is 
little direct benefit to the patient.26

Consent must never be assumed. Many would question the 
validity of truly “informed” consent rendered by someone 
who is acutely ill or severely injured. Especially for research, 
the principle still holds that for consent to be valid, it must 
be informed, understood, and voluntarily given. Subjects, or 
their surrogates, must have enough information, in compre-
hensible form, to enable them to make a proper judgment 
as to whether or not to participate in the requested study. 
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Normally, this requires time for reflection before a decision 
to enroll. This concept is frequently stressed in the emer-
gency situation. In an emergency, the surgeon may be forced 
to act in the patient’s best interests and to presume consent 
on the basis of necessity. Clearly, this is only appropriate for 
interventions that will benefit the patient directly; and actual 
consent should be obtained as soon as possible afterward. In 
a research context, the intervention must be part of a protocol 
approved by an independent institutional committee, such as 
an IRB, and should present no more than minimal risk to the 
patient.26

Placebo Surgery

As investigators sort out the mechanism for insuring that sur-
gical research is carried out ethically and with true informed 
consent, the issue of the use of placebo surgery appears 
based on recently published trials. Horng and Miller, com-
menting on these trials in the New England Journal of Medi-
cine, state that the issue of using placebo surgery in clinical 
trials appears to violate the fundamental ethical principles 
of beneficence and nonmaleficence. Specifically, this means 
that surgeons should not invade the body except for purposes 
of cure or amelioration of suffering. In evaluating the stud-
ies, they emphasize the fact that clinical research always 
involves the inherent tension between the ethical values of 
pursuing science and those of protecting subjects from harm. 
To be considered ethical, overall, they must present a favor-
able risk–benefit ratio. The burden is on the investigators 
to justify placebo surgery as a warranted means of evaluat-
ing the efficacy of a surgical procedure. They conclude that 
absolute prohibition of placebo surgery is not appropriate, 
but the standard of justification for its use must be extremely 
high and rigorously enforced.29

Conflict of Interest: Industry  
and Drug Money

Many colon and rectal surgeons interested in research have 
difficulty obtaining extramural support for their projects 
and thus turn to private sources, namely, the biomedical and 
pharmaceutical industry. Industry support for biomedical 
research now exceeds the financial support from all federal 
funding sources. The liaison between academic surgery and 
industry introduces the possibility of remarkable benefits 
especially to our patients; however, differences between 
the fundamental goals of physicians and industry can create 
serious conflicts. Industry strives to complete clinical trials 
expeditiously and to publish positive results. Conversely, the 
primary goal of the surgical investigator is to advance and 
disseminate knowledge by the unimpeded exchange of ideas, 
despite secondary professional, financial,  institutional, and 

sociopolitical objectives. Critics maintain that the physi-
cian–industry relationship will only serve to potentiate bias, 
and loss of objectivity will fundamentally poison the way 
research is conducted. Currently, however, the lifeblood of 
clinical research is external support requiring a productive 
relationship with the biomedical industry. This potential 
conflict of interest can only be resolved by scrupulously 
implementing the principles of integrity, honesty, respect, 
and equity. Even the mere appearance of a conflict of interest 
could jeopardize the investigator’s integrity and undermine 
public trust. Surgeon investigators involved with industry-
sponsored research should meticulously divorce themselves 
from any personal or commercial conflict that could compro-
mise patient loyalty or well-being.11 Ethical recruitment of 
patients into research protocols is especially challenging for 
surgeons who, under the current system of financial remu-
neration, may receive more money by having the patient par-
ticipate in a study than he/she would receive for doing the 
surgical procedure indicated for the patient.

A common challenge involves investigators who receive 
industry-funded materials, discretionary funds, research 
equipment, and trips to meetings. They must be aware that 
subsequent restrictions and expectations can create con-
flicts of interest. These seemingly innocent economic fac-
tors become a conflict anytime they influence study design, 
interpretation of results, or the timing and method by which 
results are reported. The personal gain of the investigator 
such as ownership of stock or receipt of funds for testing 
drugs or devices can introduce bias and compromise objec-
tivity. On the other hand, it is not inappropriate for an investi-
gator to receive economic rewards from a drug or device that 
is commensurate with his or her efforts involved in the devel-
opment of the product. It is also acceptable for investigators 
to receive consultant and lecture fees from companies whose 
product they are testing, provided that the remuneration is 
proportionate with his or her efforts and that it is clearly 
reported, in advance, of all presentations and is clearly stipu-
lated in any publication. It is unethical, however, to sell or 
purchase stock or have a direct financial interest in the prod-
uct under investigation until the relationship between the 
investigator and the company has been terminated, and the 
results of the research have been published or made public. 
Although opponents argue that disclosure cannot heal the 
financial conflicts of interest, it does recognize public con-
cerns, protect the credibility and reputation of investigators, 
and alerts readers as they access the published report.11

The practice of pharmaceutical companies bestowing 
gifts on physicians is well documented. These gifts, how-
ever, cost money, and this cost is ultimately passed on to our 
patients without their explicit knowledge. The biomedical 
industry has clearly made outstanding contributions toward 
the advancement of modern scientific medicine; however, 
obvious conflict of interest occurs when physicians accept 
personal gifts that have no benefit to their patients. Accep-
tance of individual gifts that do not benefit patients, such as 
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trips and subsidies for medical educational conferences in 
which physicians are not speakers, is strongly discouraged. 
The acceptance of even small gifts has been shown to affect 
clinical judgment and to heighten the perception (or reality) 
of a conflict of interest. Until specific guidelines are estab-
lished, commonsense should always prevail: no gifts should 
be accepted if suspected strings are attached.11

Confidentiality

General Principles

Surgeons are bound by the same rules of confidentiality as 
other doctors. Especially with the new restrictions and sig-
nificant penalties imposed by HIPAA, all health-care person-
nel must be very cognizant of preserving confidentiality. In 
the hectic morass, which is the waiting area of most big hos-
pitals, it is sometimes difficult to take the time to ensure that 
doctors convey sensitive and private information to patients, 
families, or surrogates in a full and complete manner and 
yet ensure the confidentiality of their information. Certain 
health information can be very significant in the treatment of 
a patient, including medication history and psychiatric his-
tory. Yet, some patients or families might be reluctant to give 
such information to the treating physician if the situation is 
not conducive to confidential communication. Similarly, the 
families and the patient are most certainly due confidentiality 
of the information, which the physician is going to impart.

A surgeon’s duty to maintain confidentiality regarding 
information disclosed by the patient has been a long-held 
medical precept. On occasion, however, the ethical duty to 
prevent harm to others overrides the duty to keep confidences 
of a given patient. Although the law generally prevents the 
divulgence of confidential information, it also mandates cer-
tain exceptions, such as reporting patients with infectious 
disease and those who are likely to harm others, the latter 
being elucidated by the famous 1976 Tarasoff case in which 
nondisclosure of a patient’s homicidal thoughts resulted in 
the death of the threatened person. This case raises a con-
fusing possibility of preventing harm to others becoming 
a legal not just an ethical duty. This broadens the concept 
of mandatory reporting to include more than the currently 
accepted requirements for reporting child, elder, or domestic 
abuse. Such legal requirements may force us to compromise 
the ethical norm of respecting our patient’s decisions with 
regard to confidentiality.2

Making and Managing a Genetic Diagnosis

As the results of untangling the mystery of the human 
genome are translated into clinical considerations, the ethical 
challenges to the colon and rectal surgeon become signifi-
cant. Although the presumption is that facility and managing 
genetically predetermined disease is the lot of the primary 

care physician, in fact, patients with phenotypic presentation 
of genetic diseases such as colon and rectal cancer depend 
on surgeons for final diagnosis, administration of surgical 
treatment, initiation of long-term follow-up, and clarification 
of the implications of the genetically predetermined cancer 
for other family members and other generations. Most com-
monly, we deal with the autosomal dominant mutations, 
which cause familial polyposis or hereditary nonpolyposis 
colorectal cancers.

The ethical hazard involves obtaining the results of a 
genetic test without adequate counseling of the patient to 
determine what will be done with the results obtained. Clearly, 
this should all be determined prior to obtaining the informa-
tion. Many individuals fear that determination of a genetic 
abnormality will have adverse effect on their insurability 
and employability. These risks are supposed to be protected 
by law, but many members of our society are not willing to 
take that chance. Because of these fears, many patients and 
their family members refuse to have genetic testing done in 
the first place. Once the test is done, a patient may insist 
on absolute confidentiality to prevent dissemination of the 
information to others, even those at risk, in the family. Think 
of the dilemma in which this places the surgeon. You may 
know that 50% of children and siblings of the patient are 
at risk for potentially fatal yet preventable cancer. Yet, the 
patient has forbidden you to inform them. This situation can 
even ethically and legally justify the physician breaching the 
patient’s confidentiality to save the lives of those potentially 
at risk. There have even been cases in the courts where the 
treating physician has been held liable for not divulging such 
risks to family members.

Most of these unpleasant situations can be avoided by 
appropriate genetic counseling before any genetic informa-
tion is obtained. This should ideally involve the use of pro-
fessional genetics counselors, since most of us surgeons have 
not been adequately trained in the skills required to obtain 
and verify such familial and generational information.

Abuse of the Elderly Patients

It is claimed that approximately two million elderly Ameri-
cans are mistreated each year, with a significant number 
falling into the definition of abandonment. Although this 
treatment of elders is a problem that has occurred for cen-
turies, only recently has society become significantly con-
cerned. The problem and concern will increase as does the 
elderly components of our population. Surgeons are ideally 
suited to play a significant role in the detection, management, 
and prevention of elder abuse and neglect. The surgeon may 
be the only person, outside the family, who sees the older 
adult and is qualified to intervene in a preventive way. This 
means we should be aware of risk factors and their detection. 
It requires an astute clinician to detect abuse based on his-
tory alone. Even in the face of injuries, such as fractures at 
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uncommon sites, the elderly patient may continue to conceal 
the possibility of abuse for fear of embarrassment or aban-
donment by the abuser. It may well be the surgeon called to 
see the patient for injury or neglect, who picks up the clues 
such as evidence of pressure sores, malnutrition, old injuries, 
or new injuries in unusual locations, such as on the scalp or 
behind the ears.

The first priority of the physician is to ensure this victim’s 
safety. The surgeon should never hesitate to ask for social 
service consultation or to report suspicions to the appropri-
ate adult protective services. Such acts are not breaches of 
confidentiality; they represent implementation of the most 
sincere duty of the physician.30

Futility/Withholding Treatment

General Concepts

Significant, and perhaps inappropriate, concern continues to 
exist in medicine with regard to the difference between with-
holding and withdrawing medical treatment. This has become 
more of an issue as the potential for resuscitating critically 
ill patients has become a progressive reality. Depending on 
the clinical situation, surgeons and other physicians attribute 
higher legal risk of one procedure over another. Apparently 
because of this fear of legal retribution, or ridicule and con-
demnation by professional peers, employing full, almost 
ritualistic, resuscitation has become the default position of 
those delivering critical care in cases where no advanced 
directive exists. In fact, no physician has ever been success-
fully prosecuted for withholding or withdrawing of medical 
care from any dying patient in the legal history of USA. This 
leaves one wondering what actually fuels the fears of legal 
retribution for making the wrong decision.31

The dilemma could of course be alleviated by early mean-
ingful discussion with patients, families, and surrogates with 
regard to care options at the end of life and honest estimates 
of prognosis. Studies have shown, however, that many phy-
sicians and surgeons fail to take these opportunities. A dis-
turbing example of this inadequacy can be found in the 1995 
Study to Understand Prognoses and Preferences for Out-
comes and Risks of Treatment (SUPPORT). This expensive, 
multi-institutional study demonstrated the physicians’ fail-
ure to meet all outcome markers: failure to include patient 
and family in pivotal care discussions, failure to provide 
realistic estimates of outcomes valued by patients, failure to 
treat pain adequately, and failure to prevent prolonged death 
in patients with extremely poor prognoses.31

Sometimes confusion is created over the venue in which 
surgical or medical care is delivered. In the usual setting, a 
decision to withhold further medical treatment is done qui-
etly, often without input from the patient or the surrogate 
decision maker; whereas withdrawal of ongoing medical 
treatment can be more obvious and difficult. Some clinicians 

and ethicists feel that the withholding of medical treatment is 
more problematic than later withdrawal of unwanted or use-
less interventions. This discrepancy in the urgent situation 
probably exists because the physicians involved usually lack 
the vital information about their patients’ identities, medi-
cal conditions, and expressed wishes. In addition, perhaps 
because of frequent, but inaccurate, representations on tele-
vision, society has come to expect only spectacular results 
in the delivery of surgical care in USA. This concept is in 
marked contrast to the attitude that those clinicians who 
withdrew treatment (an act leading to death) were more cul-
pable than those who withheld treatment (an omission lead-
ing to death). This distinction between acts and omissions 
is now thought to be more of a difference in psychological 
preference than an ethical norm.32 For all of these reasons, 
despite the fact that the law has clearly spoken, the distinc-
tion between withdrawal and withholding of medical treat-
ment will continue to be a challenge.

The surgeon’s decision to limit or withhold treatment can 
be based either on the patient’s refusal or on the physician’s 
determination that the treatment would not be of benefit. 
Although the patient has the ethical and legal right to forego 
treatment, the physician must be very careful about with-
holding a treatment that might be beneficial. Such issues are 
usually intensified by the need for rapid intervention versus 
the desire to verify the meaning of the patient’s current or 
preexisting desires. The classic example is the patient who is 
unresponsive, has reversible pulmonary or cardiac disease, 
and needs cardiopulmonary resuscitation, but is said to have 
a preexisting DNR (do not resuscitate) order.

Withholding treatment because of a judgment of futility is 
even more of an ethical challenge. Futility has been defined 
as “any effort to achieve a result as possible, but that reason-
ing or experience suggests is highly improbable, and cannot 
be systematically produced.” Physicians, as moral agents, 
should exercise professional judgment in assessing patient’s 
requests. If the request goes beyond well-established cri-
teria of reasonableness, the surgeon ought not feel obliged 
to provide it. Some ethicists believe that the appropriate 
allocation of resources is another important consideration 
when one is making decisions regarding invasive, costly, 
or lengthy procedures. John Lantos even stated that, “given 
limited resources, it is ethically justifiable to limit access to 
treatments that are expensive and offer minimal benefit… 
decisions by doctors to curtail use of those treatments are 
socially responsible.”33 Futility is such a complicated word 
that it may be of little use in most situations. The classic 
challenge is the decision not to start resuscitation when a 
patient with extensive metastatic cancer and cachexia pres-
ents in cardiac arrest. The initial emotional inclination is to 
treat the patient, even if the medical situation, as emphasized 
by Siegler,13 leads to a judgment that such a resuscitation 
will not be beneficial. This requires the difficult objective 
determination of ineffectiveness, rather than any subjective 
decision based on the worth of the intervention or on the 
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value of the patient’s continued life.2 It should be noted that 
assertions of futility come about in two contradictory situa-
tions. One is where the patient or surrogate wants the doctor 
to refrain from a further treatment, which the doctor thinks is 
not futile, and the other is where the doctor wishes to refrain 
from treatment which he or she believes to be futile. The 
only measure of what should be done is the standard of care 
in a given region for similar cases. Dealing with this concept 
of futility or other end-of-life concerns is usually a problem 
only when disagreement arises among the patient, the fam-
ily, and the health-care team.

Many ethicists agree that physicians are under no obliga-
tion to render treatments that they ascertain to be of little 
or no benefit to the patient. Many, however, believe that it 
would be advantageous to abandon the word “futility” and to 
use instead the construct of “clinically nonbeneficial inter-
ventions.” We all know that one of the greatest fears of both 
patients and families is their abandonment by the health-care 
team. It is easy to fall into this trap by declaring that further 
treatment for a given patient is futile. When it is decided that 
certain interventions should be appropriately withheld, spe-
cial efforts should be made to maintain effective communica-
tion, comfort, support, and counseling for the patient, family, 
and friends. Although we, as surgeons, may not always pro-
ceed with potential technologically advanced nonbeneficial 
interventions, we always must continue to care for the patient 
and the family.34

DNR and the Need for Surgery

There is, and should be, confusion regarding operating on a 
patient with existing “do not resuscitate” orders. Since there 
is no universal agreement as to how this situation is to be 
handled, each surgeon must be aware of specific institutional 
guidelines. First of all, it is not at all unusual for surgery to 
be indicated for patients where cure is no longer the goal 
of treatment. Even patients with advanced cancer or severe 
medical conditions will be offered surgical relief of acute 
intestinal obstruction or an abscess causing sepsis and pain. 
The problem usually gets defined when administering anes-
thesia becomes a consideration because it can be accurately 
stated that the act of anesthesia is ongoing resuscitation. As 
amazing as it seems, most hospitals have a policy, which 
allows suspension of the DNR order during the procedure 
and administration of anesthesia, only to have it resume when 
the surgery and required anesthesia have been concluded.

Withdrawal of Treatment

General Principles

Taking into account the preceding discussion, an important 
line of reasoning for the moral and legal equivalents for the 
two actions of withholding or withdrawing is the important 

concept that if a medical intervention will not result in the 
desired or beneficial results intended for the patient, it makes 
no difference whether the clinician withholds the interven-
tion before beginning it or discontinues its use after it has 
been started and found to be not effective.32

Special moral issues may arise in the care of terminally ill 
patients. We must be willing to respect a terminally ill patient’s 
wish to forego life-prolonging treatment, as expressed in a 
living will or through a health-care surrogate appointed via 
a durable power of attorney for health care. Those of us car-
ing for patients should be willing to honor “do not resusci-
tate” orders appropriately executed on behalf of terminally 
ill patients. We should also understand the established cri-
teria for the determination of death and should be prepared 
to assist families in decisions regarding the donation of the 
patient’s organs for transplantation. This involves knowing 
the specific regulations in our own states and in our own 
specific institutions, especially the criteria for death and the 
mechanisms for initiating the conversation relative to organ 
donation. It is usually not the surgeon, nor any member of the 
treating team, who first raises the issue with family regard-
ing donation of the dying patient’s organs for the purpose of 
transplantation.

Euthanasia / Physician-Assisted  
Suicide/Terminal Sedation

The terminology of activities related to the end of life is con-
fusing to the public, has been misused in the press relative to 
the notorious activities of individuals such as Dr. Kevorkian, 
and, in fact, is probably not clearly differentiated by many 
surgeons. The terms all have separate meanings and impli-
cations, requiring us to understand them and not use them 
interchangeably.

First is euthanasia, which literally means “good death.” 
Its consideration arises when patients or surrogates claim 
that the quality of life is so diminished, the pain and suffer-
ing is so unbearable, or they have become such a burden on 
others that they request their physicians to cause their deaths 
quickly and painlessly. Specifically, this implies “mercy 
killing” of an individual, by a physician, to relieve pain and 
suffering. Such terms as “voluntary,” “nonvoluntary,” and 
“involuntary” have been applied in an attempt to clarify the 
various ramifications of this process, but, in fact, euthanasia 
is the act of killing by a physician and is not legal anywhere 
in USA.13

Physician-assisted suicide, on the other hand, implies a 
death that a competent person, with decision-making capac-
ity, chooses and causes by self-administration of drugs that 
a physician has prescribed but did not administer. Advocates 
feel that prescription of drugs that a patient can take at will 
removes the physician from direct participation. The deci-
sion and the act of ending life remain in the patient’s control. 
This invokes the important fallback concept for physicians 
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and nurses who deal with patients who are suffering, in an 
irreversible medical condition, and near the end of life: the 
distinction between “killing and allowing to die.” This dis-
tinction is invoked during the process of terminal sedation as 
well as for participation in physician-assisted suicide. Cur-
rently, the latter is legal only in the states of Oregon, Wash-
ington, and Montana.13

Terminal sedation, another frequently misunderstood 
term, is the practice of sedating a patient to unconsciousness 
to relieve the horrible symptoms, which may occur during 
the process of dying, including pain, shortness of breath, 
suffocation, seizures, and delirium. As the sedating medi-
cation is administered, other life-sustaining treatments are 
withdrawn, including ventilatory support, dialysis, artificial 
nutrition, and hydration. It is critically important to under-
stand that in this frequently employed process, no lethal 
doses of opiates or muscle relaxants are administered. Thus, 
the intent of the act is to relieve suffering and symptoms by 
making people unconscious and unable to eat or drink, so that 
they will die within a short period of time. As in euthanasia, 
terminal sedation directly intends the death of the patient.13 
The difference is that, in the latter, the sedating medication 
is not the agent of death. This differentiation is of utmost 
importance to avoid the feeling of killing by double effect 
(which will be explained in more detail later) on the part of 
the health-care team. It invokes the concept of “letting nature 
take its course” as opposed to the homicidal act of “killing.” 
Cynics claim they are the same, and those of us who claim 
otherwise are not being honest with ourselves.

Applying the Principles

In order to comply with the principle of autonomy, when 
a competent patient requests, or demands, the withdrawal 
of further treatment, the treating physician is in a situation 
analogous to that of the patient who initially refuses treat-
ment. Autonomy governs! The surgeon should ensure that 
the patient is given all the information necessary to allow 
proper informed consent regarding withdrawal of treatment, 
but once that is done, it is the ethical duty of the surgeon to 
withdraw the specified treatment. This is true no matter what 
the patient requests, whether it be withdrawal of feeding 
tubes, ventilators, or nutrition and hydration. As long as the 
patient is fully aware of the consequences, both short term 
and long term, his or her stated wishes should be respected 
and acted upon appropriately by the health-care team.

The same principle should be invoked if the patient is not 
able to understand but has provided, in an advanced direc-
tive, an indicated desire with respect to withdrawal of treat-
ment under specified circumstances. It is still the duty of the 
physician to withdraw the specific treatment because the 
patient has, in the advance directive, given prior informed 
consent. The duty of the physician is identical if a designated 
surrogate requests or demands the withdrawal of treatment. 

This is the patient speaking through the surrogate, and once 
again, autonomy governs.

When the surgeon determines that withdrawal of treat-
ment is appropriate and further treatment would be ineffec-
tive, consent of the family or surrogate should be sought. 
In this situation, it is very important and helpful to know 
what if any surrogacy laws exist. These do vary from state 
to state, and the surgeons faced with potential decision mak-
ing should know in advance the laws of their state. In states 
where such laws exist, they can be very helpful in delineat-
ing the hierarchy of surrogate designation. In the absence 
of advanced directives, surgeons have the responsibility to 
judge what they believe the patient would want, or what is in 
the best interest of the patient. If no family is available, close 
friends of the patient may be asked to give their opinions 
about what the patient would want.

Courts have upheld the principles of autonomy and self-
determination, affirming the right to refuse life-sustaining 
treatment. The classic illustrations of this include the 1976 
ruling by the New Jersey Supreme Court that Karen Ann 
Quinlan, a woman in a persistent vegetative state, had 
the right to decide to be removed from a respirator and that 
this right could be asserted, on her behalf, by her family. This 
right was extended to include the withdrawal of nutrition by 
the 1990 Cruzan case in which the US Supreme Court ruled 
that a life-sustaining feeding tube could be removed from 
another young woman in a persistent vegetative state.18

Should the surgeon have moral or religious beliefs that 
would preclude her from withdrawing treatment, she should 
remove herself from the case. It is important to recognize 
this possibility of need for withdrawing treatment at the 
beginning of the clinical encounter because a physician with 
such beliefs should extricate herself from the case at the ear-
liest possible stage. As the clinical course evolves, and as 
the surgeon develops a relationship with the family and the 
patient, it becomes progressively more difficult for him or 
her to remove himself or herself from the treatment team.

Palliative Care / Hospice

General Principles

Focusing on making the last months, not minutes, of life 
meaningful is especially appropriate where death has a sig-
nificant predictability. Chronic progressive diseases such as 
cancer, congestive heart failure, and chronic obstructive pul-
monary disease account for 50–70% of deaths, compared with 
the sudden death attributed to stroke, heart attack, trauma, 
and suicide. In USA, patients’ perceptions of human finitude 
lead them to deny death and to rely on medical achievements 
that they think will let them live forever. Physicians grapple 
with their technological power, the imperative to tell the 
truth about fatal conditions, and despair at denying hope and 
the promise of cure for their trusting patients. It is probably 
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this mutual self-deception that becomes the central issue in 
rendering appropriate end-of-life care. It is the management 
of these intense psychological and spiritual challenges fac-
ing terminally ill patients that has come to form the basis of 
what is called palliative care.31

A brief definition of palliative care is as follows: the act 
of total care of patients whose disease is not responsive 
to curative treatment. Although palliative care has been a 
major focus in Europe for the past 20 years, interest in USA 
only became significant in the late 1990s with an Institute of 
Medicine report that evaluated end-of-life care. It revealed 
significant deficiencies in how we manage end-of-life care. 
These deficiencies include the management of pain and 
other symptoms, including nausea and vomiting, dyspnea, 
depression, and anxiety. Geoffrey Dunn explains that “pal-
liative care is not a concept defined in terms of the amount 
of time remaining in a patient’s life or the terminal nature of 
his disease. It is defined in terms of the type of need that is 
being met by the care.”35

The concept of palliative surgery refers to surgery for 
which the major intent is alleviation of symptoms and 
improving quality of life, not necessarily cure. As the age 
of our surgical patients increases, we will be progressively 
involved in performing operations whose desired outcomes 
are not met. Managing these patients through the entire 
course of their disease, including death, is an important part 
of being a good physician and a good surgeon. Surgical 
emergencies are often the first encounter with older patients, 
and they often have multiple comorbidities. An example is 
the 80-year-old person who presents with an acute abdomen. 
The risk of surgery will be high, the prognosis may be poor, 
and cure may be impossible. Perhaps, offering surgical treat-
ment would even be inappropriate. Thus we, as surgeons, are 
immediately thrust into contemplating palliative care for the 
surgical patient, and it becomes clear that surgeons need to 
be aware of the concepts involved in delivering such care.35

Pain Relief and the Doctrine  
of “Double Effect”

Confusing Principles

When it comes to adequacy of pain control, especially for 
patients near the end of life, physicians and surgeons have 
been caught in a complicated dilemma. On the one hand, 
most of us entered medicine to relieve suffering. On the 
other hand, we know that administration of excessive doses 
of pain medication can suppress respiration and run the risk 
of contributing to the death of patients already near the end 
of life. At the same time that we are criticized for not giving 
enough pain medication to our suffering patients, we are also 
challenged by the law for prescribing medication with the 
double effect of potentially hastening death. This doctrine 
of double effect is intended by the courts to recognize the 

difference between provision of adequate pain treatment that 
unintentionally hastens death and the ordering of medication 
that intentionally causes a patient’s death. This concept of 
intent is confusing not only for the courts but also for the 
physician who is ordering the pain medication.

Double Effect

The application of the principle of double effect is controver-
sial because it places significant weight on physician intent, 
which is impossible to prove, and no weight on a patient’s 
right to self-determination. This seems to contradict a para-
mount principle of American bioethics: patient autonomy. 
Why, when death is on the line, should concern over the phy-
sician’s intention take precedent over the patient’s informed 
consent? The physician’s fear over misinterpretation of his 
or her actions often leads to inadequate use of pain medica-
tion, leaving patients unjustifiably suffering. It is clearly rec-
ognized that opioids should be considered early in the care of 
the dying patients and in dosages that often exceed the stan-
dard range. These analgesics are not only effective in reduc-
ing painful sensation but also have an effect in adjusting the 
sense of well-being, thereby improving the patient’s ability 
to cope with pain. Adjustment of dosage can be aided by 
using one of the known pain scales or by observing patients’ 
objective signs of distress, especially useful in the noncom-
municative patient. Despite its significant effect on several 
components of respiration, respiratory arrest from opioids, 
in the absence of other central nervous system depressants, 
is rare. In caring for dying patients, surgeons must acknowl-
edge that they are one part of the often-fragmented medical 
team. They must accept the goal of providing care where 
they can, comfort always, consult when necessary, and coor-
dination of the remaining end-of-life issues.31

Hastening Death: The “Code”

Since the overwhelming admonition to the physician is 
“above all do no harm,” society has implored the surgeon, 
in life-threatening situations, to waive informed consent 
requirements and to act presumptively to save life or limb 
in situations where the usual consent is impossible to obtain. 
This leads to our current default in dealing with the critically 
ill or moribund unknown patient: resuscitating with “a full 
code” and asking questions later. This practice is probably 
acceptable as long as the surgeon realizes that withdrawing 
life support is just as acceptable as withholding life support 
initially. The initial full resuscitation may make it possible to 
assess the patient’s end-of-life desires more fully and care-
fully. If the initial intervention is unsuccessful or is incon-
sistent with the patient’s preference, it can and should be 
withdrawn, consistent with the patient’s identified goals.

What are ethically frowned upon are such deceitful prac-
tices as the “slow code,” a charade consisting of a halfhearted 
resuscitation that seems to allow the surgeon to take the moral 
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middle ground by giving the family a false impression of 
respecting patient autonomy, while knowing full well that the 
act will not be effective. Experience suggests that this hedge 
is used fairly commonly. Although no ill is usually intended, 
the slow code is usually an indication that the surgeon has 
not realistically communicated with the patient and family to 
express the medical opinion that resuscitation, in the face of 
cardiac or respiratory arrest, would be inappropriate.31

The concept of “no code” should be clear and is usually 
instituted at the request of the patient, his advance directive, 
or an appropriate surrogate. It is ethically inappropriate for 
the physician to disrespect the patient’s autonomous decision 
even when faced with despairing surrogates requesting inter-
ventions over a clear directive to the contrary. The patient 
with decision-making capacity is, of course, free to change 
any prior stipulation, even those written in an advance direc-
tive. In the absence of any directive, including a decisional 
patient, the physician must employ best interest standard, 
which requires implementing what a reasonable patient 
would want done in a similar situation.

In order to understand these previously discussed con-
cepts, the surgeon must realize the implications of the three 
means of accelerating death for patients in USA: double 
effect, voluntary euthanasia, and physician-assisted suicide. 
The rule of double effect, as previously described, involves 
the dichotomy of treatment versus side effects, where death 
is the unintended side effect of adequate symptom control. 
Voluntary euthanasia, which is requested by the patient, can 
be either active or passive. Passive euthanasia is the result 
of withdrawing or withholding life support in situations 
judged to be medically futile. In USA, this is both ethically 
and legally acceptable. On the contrary, active euthanasia 
occurs when the physician intentionally administers an agent 
to cause a patient’s death. This act is considered unethical 
and illegal everywhere in the world except in the Nether-
lands where it is practiced openly. Physician-assisted suicide 
occurs when a physician supplies a death-causing agent to a 
patient with the knowledge that the patient intends to use this 
agent to commit suicide.

In multiple decisions, the courts have emphasized the 
importance of distinction between “letting a patient die and 
making that patient die.”18 This, in our opinion, is the most 
distressing conflict for the physician who must make such 
decisions. We know full well that when we give high dose 
opioids or withdraw ventilatory support, we may be hasten-
ing the patient’s death. The callous ones among us see this as 
euthanasia and strongly criticize those who claim otherwise. 
When confronted with this challenge, in a personal commu-
nication, Dr. Edmund Pellegrino, one of our most respected 
medical ethicists, immediately responded with his comfort-
ing interpretation of such a situation. In his mind, and in 
his conscience, he recognizes and acts upon the difference 
between actively and intentionally hastening a patient’s death 
as opposed to relieving pain and suffering or withdrawing 
artificial life support, thus “letting nature take its course.”

Determination of Death

The attending physician has the discretion and the 
 responsibility to determine death. Statutes in different 
states use different criteria for death. In some cases, they 
have not caught up with the science available. Some states 
use the “irreversible cessation of cardiopulmonary func-
tion” criteria, as do some religions. The complete cessation 
of respiration and circulation constitute “death” under this 
definition. The concept of intensive care has advanced dra-
matically since these statutes were enacted and have super-
seded this now antiquated definition. In most states where 
this is the statutory definition, the courts have now ruled 
that “brain death” suffices.

Most states use the brain death criteria. There is debate 
currently about whether the “whole brain” definition of death 
is no longer valid; and that the appropriate ethical standard 
for definition of death is cessation of “higher brain” func-
tion. Higher brain function includes the cognitive functions 
or the capacity for consciousness. Once there is irrevers-
ible cessation of that capability, a judgment usually made in 
consultation with a neurologist, then death can be declared. 
Most neurologists are trained to determine whether death has 
occurred or whether the patient is in a “permanent vegetative 
state.”

It should be noted that in some states the definition of 
death includes either the cessation of cardiopulmonary func-
tion or irreversible cessation of all brain function, including 
the brain stem.

The health-care team, however, should realize that no mat-
ter which criterion is being used, it may be appropriate to 
continue cardiovascular support for the purpose of maintain-
ing perfusion during the eminent birth of a fetus, or to sustain 
viability of transplantable organs.

Organ Donation

Criteria for organ donation are not always clearly under-
stood. Many patients and families are mistakenly concerned 
about having death declared prematurely just to facilitate the 
harvesting of organs for transplantation. Here, the surgeon’s 
bioethical responsibilities are clear. The medical ethical 
principle of patient autonomy dictates that the desires of the 
patient and the family be respected.

Federal law requires most hospitals to make an inquiry 
of all patients, during their admission, for any procedure, 
whether emergency or elective, about their wishes to be a 
potential organ donor. While this can be somewhat of a 
shock to patients who are coming in for elective surgery, 
especially a minor procedure, it obviates the need for physi-
cians to make the painful inquiry when a patient is actually 
facing eminent death. If the admitting personnel ask for this 
information on a routine basis, the patient is more likely to 
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render a competent decision, and the potential problems of 
dealing with surrogates, sometimes under difficult circum-
stances, are alleviated.

However it is obtained, informed consent of the donor 
is required. Most states provide organ donor options on 
 driver’s licenses, and many people possess other docu-
ments such as donor cards, which indicate their desire to 
become organ donors. In some cases, donors request lim-
its on the organs they wish to donate. For example, some 
donors have indicated that they do not wish to donate their 
eyes or some other specific organ. Even though patient 
autonomy should guide the physician, there are circum-
stances where the family emphatically wishes to override 
the clearly stated intention of the donor. These situations 
are difficult, and while the surgeon’s clear ethical duty is to 
respect the wishes of the donor, the body of the donor, after 
death, belongs to the family. The treating physician would 
be well advised to leave the resolution of this situation up to 
the transplant coordinator. In fact, it is usually inappropri-
ate for anyone on the treating team to initiate the discussion 
of organ donation. Most hospitals have in place a procedure 
whereby the discussion of potential organ donation is initi-
ated by a person specifically trained for this purpose. It is 
often the transplant coordinator, a social worker, or a hos-
pital chaplain.

Insisting on compliance with the donor’s clearly stated 
wishes, in the face of strong family opposition, does not 
affect the legal position of the surgeon; but it can result in 
unfortunate lawsuits because of the animosity created with 
the family. In cases where there are no previously expressed 
wishes by the potential donor, the family, as custodians of the 
body, may agree to organ donation. The duty of the physi-
cian in this case is to obtain the consent of the family before 
doing anything to preserve the functioning of the organs for 
potential transplantation.

In cases where there is no surrogate or family, or any evi-
dence of previously stated intention to donate, the ethical 
position of the doctor is less clear, but absent permission to 
do something to the body in a situation which is no longer 
an emergency, assuming that the organs should be harvested 
for transplantation, would seriously violate the concept of 
informed consent. While it can be argued the dead person 
cannot give informed consent, the family whose property the 
body is, would have to give their consent to have any proce-
dure done at all to the newly dead person. In cases with no 
directives at all, the best course of action, unfortunately, is to 
do nothing postmortem.

Ethics / Legal Consultation

Most surgeons work within an institution. Most of these 
institutions provide a mechanism for obtaining help in 
sorting out challenging ethical dilemmas. This help usu-
ally comes in the form of consultation from the hospital 

Ethics Committee or from in-house legal consultation. It 
is critical to realize that utilization of such resources does 
not commit the surgeon to accepting an arbitrary deci-
sion of what is right and what is wrong in a complicated 
ethical situation. Consultation is meant to provide a pro-
cess for most expeditiously sorting out the issues which 
have arisen and for providing rapid access to the poten-
tial mechanisms for solving the problem. Hospital ethics 
committees are specifically charged to advise physicians, 
patients, and families who face ethical dilemmas. These 
situations usually arise when there is disagreement among 
these groups and the health-care team. Consultation from 
the ethics committee is usually rapidly facilitated through 
such agencies as the hospital nursing service. Consultation 
should be available, instantly, 24 h a day. Frequently, it is 
the hospital chaplain who facilitates the consultation. By 
bringing in appropriate resources and facilitating meeting 
with the health-care team, patients, and families, consulta-
tion with the ethics committee should help resolve even 
the most complicated medical ethical challenges. The hos-
pital ethics committee should be charged with what is the 
right thing to do for the patient. It should have no vested 
interest in protecting the institution at the risk of embark-
ing on an action, which is ethically unsettled for the good 
of the patient.

A word of caution, however, is necessary for surgeons 
working within a given institution. Once legal counsel or risk 
management is brought in to deal with a complicated situa-
tion, it must be remembered that they work for the institution. 
Their job is to protect the institution, and the advice that they 
give will be aimed toward that end. This commitment to the 
institution is important for the physician to realize if there is 
potential for placing oneself in personal jeopardy. It is also 
important to realize that legal standards are not always reli-
able guides to determining what the best ethical and medical 
decisions are.

Good Samaritan

A Case

The most skilled colon and rectal surgeon in town is out to 
dinner. At the next table, he sees the local crime boss chok-
ing to death over a piece of prime beef. What are the ethical 
and legal considerations he must consider before performing 
an emergency tracheotomy? What is he ethically obligated to 
do? Is the old medical oath binding? Can anyone give con-
sent? Must he identify himself? If he performs the procedure 
and there is a bad outcome, is it malpractice? What if he 
is a medical student instead of a famous surgeon? Is a bad 
outcome here considered battery? What should the surgeon 
do when the EMT arrives and wants to take the dying crime 
boss to a known inferior local hospital? What are the obliga-
tions and risks for the surgeon?
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General Concepts

Good Samaritan acts or deeds are defined as those in which 
aid is rendered to a person in need, where no fiduciary 
or legal obligation exists to provide such aid, and neither 
reward nor remuneration for the aid is anticipated. The aid 
provided can include a survey of the situation, protection of 
the victim, notification of other care providers, or personal 
provision of immediate treatment. The Good Samaritan 
Ethic is one that is generally endorsed by our culture, which 
strongly supports assisting an individual who is in danger 
or in need of help. Surgeons may be regarded as having a 
greater responsibility to provide Good Samaritan aid than a 
layperson by reason of the special training and knowledge 
and commitment to duty for the benefit of individuals and 
society, which generally drive us to become physicians and 
surgeons. Clearly, in a situation of sudden medical need, a 
surgeon will be better able to assess the medical condition 
of the victim and to render immediate treatment if indicated 
and feasible. Many feel that the mere status of being a phy-
sician entails the duty to use one’s skills and knowledge in 
cases of sudden or emergency need; for some, this duty is 
an inherent feature of the role and even of the definition of 
a physician.38

Briefly stated, in almost every state, an off-duty surgeon 
who comes across a person with an emergency medical con-
dition has no legal duty to come to the aid of that person. 
However, a physician’s ethical obligation inspires him to 
help in such an emergency. All states in USA have enacted 
the so-called Good Samaritan statutes, which protect the 
physician from liability incurred for good-faith efforts to 
help at the scene of an accident or emergency. The ethical 
duty should far exceed the legal excuse for inaction.2

Generally, Good Samaritan acts include the following 
principles: (1) There is no legal obligation of doctors to 
answer or treat emergencies. (2) If the doctor chooses to 
intervene, the expected standard of care is modified by cir-
cumstances of the situation. (3) If aid is given, it needs to be 
stabilization only and not definitive treatment. (4) Implied 
consent exists to treat the victim if he or she lacks the capac-
ity to consent. (5) These criteria apply whether or not the 
physician is paid for his or her services rendered. Despite 
the establishment of these principles, the extensive coverage 
in the media of spectacular medical malpractice suits causes 
many surgeons to develop a strong aversion to the perfor-
mance of Good Samaritan acts. In order to alleviate this 
apprehension, Good Samaritan Laws were enacted, the first 
in California in 1959. Since then, every state has enacted 
such law. The laws all share the following provisions: there 
is no legal obligation to provide aid; there is immunity from 
malpractice suit if aid is provided; there is exception from 
immunity for gross negligence or lack of “good-faith”; acts 
are restricted to application outside of hospitals; and there 
is withdrawal of legal immunity if the doctor accepted pay-
ment for aid rendered.38

Professionalism and Interpersonal  
Relations: Working as a Team

General Considerations

There is an ever-increasing challenge to deliver the very 
best surgical care in the current medical environment which 
thrives on its speed and frequently impersonal delivery of 
generic medical care, often at multiple institutions, and with-
out one consistent team of support. Often it becomes dif-
ficult to fulfill the responsibility requiring communication, 
collaboration, respect, and confidentiality as we interact with 
the components of our health-care team which frequently 
includes nurses, enterostomal therapists, primary care physi-
cians, consulting physicians, surgical and medical trainees, 
and the vast array of ancillary services required within our 
institutions.

Teaching Residents and Fellows

Learning and teaching are critical components in our career 
choice of medicine, and especially, surgery. At some point 
in our training, a more senior person turns over to each of 
us the responsibility to perform the major part of an opera-
tive procedure. And then, the converse occurs: each of us, 
in turn, relinquishes the major part of an operation to one 
of our trainees. We know how the process works and the 
importance of a surgical team with “graded” responsibility. 
The ethical challenge arises when, often the night before 
surgery, the patient asks “who is going to do my surgery?”39 
The honest answer becomes blurred, especially for those 
colon and rectal surgeons working in a program with train-
ees who are senior residents or fellows. We usually fall 
back on the explanation that we, the attending surgeon 
will be present and responsible, even when we know that 
the trainee will be doing the critical part of the procedure. 
What is the truth? The fellow claims on the training record 
that he or she did the case, and we charge the payer as if we 
did the procedure. What is true informed consent in such 
situations?

Previous Suboptimal Care

General Concepts

As colon and rectal surgeons, we are specialists, frequently 
seeing patients as requested consultation by and referral 
from other physicians and even other surgeons. It makes the 
nature of our care, often, “the end of the road.” We have no 
place else to send the patients and frequently find ourselves 
in the position of correcting or undoing the poor results 
of the action of another surgeon. This becomes an ethical 
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and personal challenge, especially when the patient or the 
 family asks “Why wasn’t that done by the other surgeon, or 
what did she do wrong?” We can easily become caught up 
in the dilemma between taking credit for heroic restoration 
of health and condemnation of the other surgeon, or cover-
ing up for incompetent care in an attempt to avoid litigation 
against another doctor and/or preserving a lucrative source 
of referrals.

Generally, our surgical and specialty training does not 
prepare us for the ethical differentiation between “bailing 
out” and “condemning,” responding to patients’ pointed 
questions, communicating with the doctor responsible for 
the suboptimal care, and certainly not “blowing the whistle” 
on another surgeon and going to court, when requested, 
as an “expert witness.” Albert Wu suggests that a surgeon 
who discovers a major error made by another physician has 
several options, which include the following: waiting for 
the other doctor to disclose the mistake, advising the other 
physician to disclose the error, arranging a joint meeting to 
discuss the mistake, or telling the patient directly. He and 
his coauthors believe that based on the requirements of the 
doctor–patient relationship, surgeons have an obligation 
to facilitate disclosure. Many surgeons are reluctant to say 
anything because they are not 100% sure of what actually 
happened, they fear hurting the feelings of colleagues, they 
wish not to strain professional relationships, or because of 
the terrifying thought that “there but for the grace of God 
go I.” Wu further suggests that we fulfill our obligation to 
our patient by advising the doctor who erred to inform the 
patient; but he goes on to say that if that fails, it is our duty 
to tell the patient what happened.40 Each of us must then rely 
on compassion and tact to tell our patients the truth without 
unduly condemning the other physicians. We surgeons need 
to realize that what we take for granted in our weekly mor-
bidity and mortality conferences, especially in a teaching 
hospital, is not the norm for other branches of medicine. We 
know, and perhaps are obligated to pass on to others, that 
admitting a mistake may help us to accept responsibility 
for it and may help to make changes in our practice. Phy-
sicians should be able to learn vicariously from mistakes 
made by others and thus avoid making the same mistake 
themselves.40

“Blowing the Whistle” and Going to Court

The next echelon of concern and potential activity, of course, 
involves serving as an “expert witness” in medical malprac-
tice litigation. Again, this is an arena of involvement in the 
medical-care system for which we surgeons are generally ill 
prepared. Just recently, the American College of Surgeons 
and the American Society of Colon and Rectal Surgeons has 
issued some guidelines in an attempt to insure that surgical 
specialists not abuse the system by offering false testimony or 

by presenting as “experts” in areas beyond their expertise. 
Many of our true experts refuse to serve in this capacity 
when it involves saying something against another surgeon; 
yet, when any of us are involved as the accused, we want 
only the finest experts available and are repulsed when 
“hired guns” with little knowledge boldly testify against us. 
The problem seems to be that many of us do not differenti-
ate malpractice with severe damage to a patient from the 
poor results from proper treatment, which we surgeons all 
experience in dealing with the complex biological system 
of the human body. Again, the principle of not stepping up 
to the plate for fear of the dictum, “There but for the grace 
of God go I.” We should understand that credibility in the 
medical-legal system should be based on true expertise and 
on telling the truth, be it for the plaintiff or for the defense of 
our colleagues, and, in fact, we can be of much greater help 
to inappropriately accused physicians by establishing such 
a record of credibility.

Managed Care

All of us, in the current system, participate in some form of 
managed care, where someone other than the treating physi-
cian becomes involved in the mechanism of delivering care 
to our patients, usually without sharing in the responsibility 
of rendering the care and the untoward outcome that may 
be engendered by that care. This presents a true dichotomy 
for doctors, most of whom have taken an oath or by law are 
committed to being advocates for our patients. It seems an 
impossible, and perhaps unethical, task to make a decision, 
which favors the economic advantage of a managed care 
organization over what we know, medically, is required by 
an individual patient in need.

Rationing Care/Cutting Corners

Surgeons have a special obligation to deal with these systems 
because of the loneliness of making the decision and ulti-
mately doing a surgical procedure on another human being. 
It is a desperate feeling to realize, in the middle of an opera-
tion, that our quest for perfection has been compromised by 
some inadequacy in preoperative management foisted on us 
by another remote physician hired by a managed care organi-
zation to protect the financial interests of a group. We know, 
as well as others, that medicine, as a system, is in trouble, 
but the problem is rarely to be solved by rationing or with-
holding what we know is surgically best for our individual 
patients. Perhaps it is our job to invoke our “surgical person-
alities” to become the strongest of all patient advocates and 
to fully participate in achieving needed improvements in the 
overall system. We must communicate to others the special 
understanding and compassion few outside of the field of 
surgery understand.
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Personal Challenges: Competition  
of Interests

Professionalism

McKneally describes the profession of medicine and surgery 
as a vocation that requires extensive knowledge and skill. It 
also requires a high level of discretion and trustworthiness, 
even in individual practice. The social contract between the 
profession and the public holds professionals to very high 
standards of competence and moral responsibility. He goes 
on to explain that a profession is literally a declaration of a 
way of life “in which expert knowledge is used not primarily 
for personal gain, but for the benefit of those who need that 
knowledge.”19 In our current society, bombarded by endless 
advertising and hype, many groups call themselves “profes-
sionals” sometimes to the point of humor, but for those of us 
in medicine, and especially surgery, the definition means that 
when confronted with a choice of what is good for us or what 
is good for our patient, we choose the latter. This occurs and 
is expected sometimes to the detriment of our own good 
and that of our families. Tom Krizek even goes so far as to 
question if surgery is an “impairing profession.”41 Perhaps 
it really is an ethical concern, which is encouraging us to 
modify the working hours and conditions for our trainees to 
offer more of an incentive to enter the surgical specialties. 
Now that we have appropriately tended to the training pro-
grams, it behooves us to explore the same lifestyle improve-
ments for ourselves. It is neither an ethical breach nor a sign 
of weakness to allocate high priority to our families and to 
our own well-being.

Family

As financial and professional pressures become more 
intense, the challenge increases to appropriately prioritize 
and balance the demands of patient care, family, education, 
teaching, and research. Mary McGrath presents an all-too-
frequent dilemma for the surgeon: choosing between attend-
ing a child’s graduation or operating on an old patient who 
requests you instead of your extremely well-trained associ-
ate who is currently seeing the patient. How many times have 
we not chosen wisely? Someone else can competently care 
for your patient, but only you can be a parent to your child.19 
Time literally flies, and we must often remind ourselves that 
our lives are not just a “dress rehearsal”!

Among the many considerations of family is the issue of 
caring for, and perhaps even operating on our own family 
members. What is not only ethical but also what is appro-
priate for the practice of medicine and surgery with regard 
to this issue is not as clear as you might, at first, believe. 
For example, if your spouse cuts her leg while skiing and 
the only available physician is a psychiatrist who is covering 
the ER, should you, a trained training surgeon, suture her 

laceration? On the contrary, if you feel that you are the most 
experienced colon and rectal surgeon in the community, 
what should you do when your own mother is found to have 
a complicated cancer of the low rectum? After all, if you are 
the “best” why would you deny the best care to your own 
mother? Many hospitals have dealt with this issue and have 
a stated policy. The AMA has issued a statement on “Self-
Treatment or Treatment of Immediate Family Members.” In 
essence, it speaks against treating family except in emergent 
situations and for short periods of time. It is, of course, based 
on the risk of compromise of professional objectivity and 
influence on medical judgment because of the influence of 
personal feelings, thus interfering with the care that needs to 
be delivered.42

Competence / Impairment / Insight

Surgical certifying organizations are currently struggling 
with the definition and determination of surgical competence. 
McKneally stresses that a patient’s trust is based on the sur-
geon’s diligent pursuit of competence in both judgment and 
technical skill. Surgical training programs have diligently 
attempted to guarantee the competency of individuals com-
pleting the process. The board certification process attempts 
to ensure that the interests of society are represented in these 
professional processes. Thus, competency is an integral part 
of the entry-level. The problem arises in maintaining a level 
of competence and assuring that established surgeons who 
take on new procedures both acquire and maintain compe-
tence in these new skills.15 Perhaps the most obvious recent 
example for us colon and rectal surgeons has been the advent 
of laparoscopic, minimally invasive surgical procedures. Now 
that they are part of all Fellowship training programs, it is less 
of a problem. But the issue will arise again with the next new 
wave of technology: how to teach old surgeons new skills.

Related to competence is the issue of impairment. Jones 
emphasizes that drug and alcohol abuse, with the associ-
ated functional impairments, are the leading cause of sanc-
tion against physicians by professional oversight bodies in 
USA. More than one in every seven physicians is affected 
by substance abuse at some time in their careers. He goes on 
to explain that the surgical patient is potentially at greatest 
risk in the care of a cognitively or physiologically impaired 
physician because the surgeon’s competence requires simul-
taneous application of fine neuromuscular, cognitive, and 
intellectual skills. This is coupled with the emotional com-
posure and critical judgment required to make urgent deci-
sions and the physical endurance of standing for long hours 
at the operating table. He cites Percival’s admonition that the 
medical profession is a “public trust” that should be relin-
quished when a physician or surgeon no longer possesses the 
skills that are essential for clinical care. Unfortunately, most 
surgeons do not possess or exercise the insight required to 
know when we are impaired or when it is time to retire.
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Jones goes on to quote Verghese’s observation on the 
impaired physician: “the doctors had one common feature – 
namely, exquisite denial – that allowed them to believe they 
could still care for patients perfectly well.”43 These observa-
tions place great responsibility on those of us who observe 
impairment or incompetence in our colleagues who at times 
may also be close friends. We should never hesitate to request 
intervention because correction of substance abuse in physi-
cians is highly successful. If we stand by and allow patients 
to be mismanaged by inadequate physicians, we will not 
only see the patients suffer but will also allow our colleagues 
and friends to be destroyed professionally and perhaps dev-
astated emotionally by malpractice suits, condemnation by 
institutions and colleagues, loss of licensure, and eventually 
the ravages of substance abuse or personal humiliation.43 
Most state boards of healing arts function best when it comes 
to providing support for physicians in trouble.

A Final Thought

Perhaps Richard Hayward, who compares a surgeon to the young 
sea captain in Joseph Conrad’s novel, “The Shadow Line,” best 
describes a successful career in surgery. Hayward explains that 
there are so many variables in the interaction between patient, 
surgeon, and disease that it is not surprising that the prediction 
of results becomes uncertain. Even routine procedures can pro-
duce complications and can become much more difficult than 
had been anticipated. As the surgeon crosses Conrad’s Shadow 
Line, energy, enthusiasm, ability to make firm decisions and 
then act upon them, optimism, self-confidence, and resilience 
in the face of adversity become necessities without which an 
individual will have difficulty coping with the pressures of a 
surgical practice, especially one involving the care of critically 
ill emergency patients. There becomes a time when a surgeon 
must learn to come to terms with the inadequacies and, some-
times, downright failures of his or her actions that will be the 
inevitable companions during a surgical life.44
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53
Legal Considerations
Michael J. Meehan

Introduction

The dawn of the twenty-first century brought with it many of 
the same court room challenges for colon and rectal disease 
practitioners as did the latter half of the twentieth century. 
The increasing frequency and crushing severity of malprac-
tice claims and lawsuits, data bank reporting, Web-based 
consumer claims data, new privacy requirements, increasing 
clinical demands, greater government regulation and enforce-
ment activity, and spiraling malpractice premiums have 
caused many physicians to leave practice, retire early, or move 
to more lawsuit-friendly jurisdictions. This chapter addresses 
many of the causes for these concerns – from communication 
to documentation, from practice to research – as they relate to 
colon and rectal surgeons who face these challenges.

Medical Malpractice

Elements of Malpractice

In July 2003, a 12-day trial occurred in Seattle, Washington. 
The plaintiff, a married 53-year-old computer salesman, 
presented to his family physician with rectal bleeding and a 
painful anal lump that looked like a hemorrhoid. When the 
condition did not improve with treatment, the patient was 
referred to a general surgeon, who evaluated the condition, 
thought the patient had a hemorrhoid, and recommended a 
hemorrhoidectomy. The patient, however, said he thought 
the condition was improving and declined the procedure. 
The surgeon told the patient that he should have a hemor-
rhoidectomy if the condition did not continue to improve and 
resolve. The patient did not return to the surgeon for 4 months, 
at which time a hemorrhoidectomy revealed an advanced 
anal cancer. The patient underwent chemotherapy and radia-
tion, developed impotence, and suffered two recurrences of 
his cancer. The patient-plaintiff sued both doctors and con-
tended at trial that earlier diagnosis would have resulted in 
less extensive treatment and a prognosis that he would have 

survived his cancer (from which he was probably going to 
die). The defense argued that both the family practitioner and 
the general surgeon acted appropriately and that an earlier 
diagnosis would not have made any difference in the treat-
ment or the outcome. Fifteen medical and surgical experts 
were used in the case. The pre-suit demand of $2.75 million 
had been met with an offer of $125,000. At trial, the plaintiff 
asked the jury for $7 million and the defendants requested a 
defense verdict. The jury awarded no money.1

The requisite elements that must be proved by a plaintiff 
in a medical malpractice case are determined by the laws 
of the various states. Washington state law governed in this 
case. Generally speaking, a case for medical malpractice 
is established when it is shown by a preponderance of the 
evidence that a patient’s injury was caused by the act of a 
physician or surgeon that would not have been done by a phy-
sician or surgeon of ordinary skill, care, and diligence under 
like or similar conditions or circumstances (or by the omis-
sion of an act that a physician or surgeon of ordinary skill, 
care, and diligence would have done), and that the patient’s 
injury was the direct and proximate result of such act (or 
omission).2 What a “physician or surgeon of ordinary skill, 
care, and diligence would or would not have done under like 
or similar conditions or circumstances” is called the standard 
of care. The standard of care for a physician or surgeon in 
the practice of a board-certified medical or surgical specialty 
should be that of a reasonable specialist practicing medicine 
or surgery in that same specialty, regardless of geographical 
considerations or circumstances.2

Family practitioners and surgical specialists, as in the 
Washington case described above, are usually held to differ-
ent standards of care, depending on variations in state law. In 
a case like this, for there to be a plaintiffs’ verdict the jury 
must believe that (1) there was a departure from the standard 
of care and (2) that the departure from the standard of care 
was the cause of the patient’s injury. In order for the defense 
to prevail, the jury must believe that either (1) or (2) above 
was not proved by a preponderance of the evidence – or that 
neither was proved.
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Both of these issues were actively debated in the Washington 
case. (1) The recommendations, treatment, and decision to 
defer a hemorrhoidectomy were contested by both sides; 
(2) whether the cancer had metastasized prior to the criti-
cal involvement of the doctors was also argued. (If the can-
cer had metastasized prior to physician mismanagement, if 
any, then even a timely hemorrhoidectomy would not have 
changed the outcome or treatment – so physician misman-
agement could not have logically been the cause of the 
patient’s injuries).

In some cases, the defense attorneys give up on item (1) 
above, i.e., liability, if they think they cannot prevail on item 
(1) but if they think they can prevail on item (2), i.e., causa-
tion. Such a strategy is challenging at best – consider the fol-
lowing case tried to a Savannah, Georgia jury in November 
2001 in which defense attorneys conceded liability and tried 
to convince a jury that the plaintiff was entitled to receive an 
award, but that the amount sought by the plaintiff exceeded 
that to which he should be entitled. The plaintiff had been in 
an automobile accident and had suffered a rectal tear when 
thrown from his vehicle. The trauma surgeons who tried to 
repair the tear negligently stapled the wrong end of his colon. 
As a result, he suffered a complete obstruction of his diges-
tive tract for 7 days and developed a massive infection, caus-
ing the loss of approximately 70% of his abdominal wall. He 
was left with massive scarring, no abdominal muscles, only 
a thin layer of skin covering his intestines, and the prospect 
of constant diarrhea for the remainder of his life. The defen-
dants conceded that the stapling procedure was handled 
improperly, but disputed the extent of the patient’s injuries, 
including over $1.2 million alleged to represent the present 
cash value of the patient’s future lost income. The jury was 
not asked whether the trauma surgeons had departed from 
the standard of care, but rather whether all of the injuries 
complained of were caused by the negligence (whether too 
much money was being claimed for the injury). The jury 
awarded the plaintiff $6.25 million.3

Recently, case law has developed expanding the standard 
care in some instances to include a duty to warn a patient’s 
relatives of their increased genetic risk for colon cancer due 
to the patient’s diagnosis. A New Jersey appellate court has 
held that a physician not only has a duty to warn the patient 
of the genetic or hereditary nature of his or her illness and its 
possible impact on the patient’s close relatives, but also may 
have a duty to inform the patient’s immediate family mem-
bers who may be adversely affected. In that case, the Plaintiff 
was diagnosed with colon cancer at the age of 36 and sued the 
estate of a physician who had treated her father for polyposis, 
some 30 years prior. The woman alleged that the physician 
had a duty to warn her father’s immediate family members 
of the hereditary nature and risks of polyposis, which may 
have permitted her to receive earlier detection, prevention, 
and treatment of polyposis, possibly preventing the develop-
ment of colon cancer. The court held that ordinarily, a physi-
cian’s duty to warn of a genetically transferable disease is 

satisfied by warning the patient, but that a physician must 
also take reasonable steps to assure that the information actu-
ally reaches those likely to be affected or is made available 
to their benefit.4 The release of private health information is 
regulated on the federal level by the Health Insurance Por-
tability and Accountability Act (HIPAA) (discussed below), 
which authorizes disclosure without consent in the case of 
a serious and immediate threat to an identifiable third party 
when the physician has the capability to forestall that harm.

Recurring Malpractice Themes

A study of medical malpractice cases involving colon and 
rectal disease involved a retrospective review of all cases 
tried in the federal and state civil court system over a 21-year 
period from 1971 through 19915 and remains instructive 
today. The study identified 98 malpractice cases over this 
period of time from a computerized legal data base, involv-
ing 103 allegations of negligence. The nature and frequency 
of allegations were as follows:

43% Failure to timely diagnose disease, principally cancer •	
and appendicitis
24% Iatrogenic colon injury•	
15% Iatrogenic medical complications during diagnosis or •	
treatment
10% Sphincter injury with fecal incontinence from anorec-•	
tal surgery or midline episiotomy
8% Lack of informed consent, usually regarding the extent •	
of procedures or endoscopy

More recent commentators have warned about patients 
who present with fully developed cancers within 4 years of 
colonoscopies that apparently cleared the colon of neopla-
sia. The fear expressed is that the presenting patients may 
assume their colonoscopies were performed negligently, 
despite legitimate alternative explanations.6 A study review-
ing 38 malpractice claims against radiologists performing 
contrast examinations of the colon between 1985 and 1994 
revealed the following major allegations: failure to diagnose 
caused a delay in treatment and death and colon perforation 
due to improper performance.7

Risk management suggestions relevant to colon cancer 
screening include using authoritative screening guidelines, 
documenting informed consent and refusals, assessing fam-
ily histories, recommending that family members of at-risk 
patients be contacted, repeating sigmoidoscopies and colonos-
copies when the preparation is inadequate, and documenting 
cecal intubation and careful withdrawal techniques.8

Lawsuit Stress

Many if not most physicians who are sued experience stress 
and other normal emotions when their professional care and 
judgments are criticized in a public lawsuit. The initial stres-
sor typically occurs when the claim letter, summons and 
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complaints, or insurance company notice arrives in the mail. 
The simple reality is that the profession which you have 
chosen frequently lends itself to the frustrations and anxi-
ety of litigation. Anger, uncertainty, and even depression are 
common symptoms among physician defendants, especially 
those sued for the first time.

Attorneys representing physicians usually advise their 
 clients not to discuss the case with others for fear of losing the 
protections available through the attorney–client privilege. 
The tension and vulnerability that you may feel about being 
sued may be exacerbated by this inability to seek emotional 
comfort by discussing the case with colleagues and others. 
It is normal to feel isolated – to assume that colleagues and 
even subordinates are talking about you and your lawsuit. It 
is equally important to place your predicament in perspec-
tive; many of your colleagues have been in the same situa-
tion before you.

If you are involved in a claim or lawsuit and are experienc-
ing any of these normal reactions to litigation or the threat of 
litigation, you should have a candid conversation with your 
attorney, risk manager, or insurance company claims repre-
sentative. Many insurance companies and medical institu-
tions provide resources for defendant physicians that enable 
them to discuss their lawsuit and their feelings of uncertainty 
and isolation with counselors or colleagues in a protected 
fashion. Conversations with psychotherapists should nor-
mally be privileged and not admissible in the courtroom as 
evidence in the case. Remember that your emotional stabil-
ity is critical to the successful defense of the litigation. You 
serve yourself best by sharing your feelings with your attor-
ney and asking him or her for a way to receive emotional 
coaching throughout the stress of the lawsuit and afterward 
as well.

Informed Consent

The failure of a physician to obtain proper informed consent 
is often cited as a major component of medical malpractice 
litigation. In reality, few cases are prosecuted exclusively on 
the issue of informed consent, and juries do not customarily 
award damages solely for a lack of informed consent. Nearly 
every malpractice lawsuit, however, contains a supplemen-
tary count that informed consent was not obtained. Properly 
obtaining and documenting informed consent, therefore, can 
be critical to the defense of the entire lawsuit. The informed 
consent discussion is at the heart of physician–patient com-
munication and is usually an important component in the 
defense of the main medical or surgical issues in every case. 
You do not have to wait until the day of or the day before 
the procedure to obtain informed consent. A study involving 
60 patients who underwent either colonoscopies or esoph-
agogastroduodenoscopies revealed that patients remember 
essentially the same information whether consent is obtained 
immediately prior to a procedure or several days earlier.9

Obtaining of Informed Consent

Obtaining informed consent is primarily a physician obli-
gation. Nurses and other nonphysicians cannot normally 
be blamed for failing to obtain informed consent10 because 
they do not have the requisite legal capacity to fully inform 
patients of issues on which only a physician is licensed to 
advise. Hospitals, the typical employers of such profession-
als, do have an obligation to maintain an effective informed 
consent process within their institutions. Informed consent 
actions can be successfully brought against hospitals if they 
breach hospital standards and other duties imposed by law, 
e.g., where a patient is injured by an experimental procedure 
without being advised of the experimental study.11

Obtaining a patient’s informed consent involves more than 
having the patient sign a form. It is a communication pro-
cess, in which the physician should disclose and discuss the 
following information with the patient:12

The patient’s diagnosis, if known•	
The nature and purpose of the proposed treatment or pro-•	
cedure
The risks and benefits of a proposed treatment or  procedure•	
Alternatives (regardless of cost or insurance coverage)•	
The risks and benefits of the alternatives•	
The risks and benefits of not receiving or undergoing the •	
treatment or procedure

Patients should have the opportunity to ask questions and 
have their questions answered.

Proving a Case of Lack of Informed Consent

Depending on variations in state laws, plaintiff attorneys typ-
ically must prove the following elements to establish a prima 
facie case of lack of informed consent by a physician:

The physician failed to disclose to the patient and discuss •	
the material risks and dangers inherently and potentially 
involved with respect to the proposed therapy, if any.
The unrevealed risks and dangers which should have been •	
disclosed by the physician actually materialize and were 
the proximate cause of the injury to the patient, and
A reasonable person in the position of the patient would •	
have decided against the therapy had the material risks and 
dangers inherent and incidental to the treatment been dis-
closed to her prior to the therapy.13

Whether risks are material or not is normally a jury ques-
tion,14 and juries are often instructed that risks are normally 
considered to be material if a reasonably prudent person 
would attach significance to the risk in deciding whether 
or not to accept the treatment. A risk that is either severe, 
like death, or frequent are usually risks that are consid-
ered material. Some states regulate the information that 
must be conveyed to patients, while other states leave the 
determination of materiality to judges and expert witnesses.  
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You should become familiar with the informed consent laws 
in the state where you practice. Withholding material risks 
from patients for cultural, ethnic, or paternalistic reasons is 
not acceptable.

Documentation of Informed Consent

Informed consent is usually documented with formal con-
sent forms that patients sign. Nearly all hospitals require the 
use of consent forms for inpatient procedures to comply with 
applicable law, to abide by the standards of the Joint Com-
mission,15 and to facilitate patient education of the treatment 
information. Informed consent is a process and not a form. 
Forms can be challenged and criticized in the courtroom, and 
a form with errors or that is incomplete can distract a jury 
from the real issues involving informed consent.

Claims of lack of informed consent are best defended 
when a jury is persuaded that the physician had a meaningful 
conversation with the patient. In addition to a consent form, a 
chart notation made by the doctor, in the doctor’s own words 
or handwriting, is usually very helpful. A jury that believes 
that the physician never saw the patient, or had a brief or cur-
sory discussion with the patient, may become more inclined 
to decide that a surgeon departed from the standard of care 
in performing the procedure. Producing a diagram that was 
drawn for the patient can be persuasive for jurors. Similarly, 
patient information sheets or pamphlets are effective com-
munication devices and serve well in the litigation defense.

Listen carefully to your patients’ questions and answer 
them in a friendly but candid fashion. Chart the presence 
of any family members who are present for the informed 
consent discussion. Patients who are minors – usually those 
under 18 – may not legally consent for themselves unless they 
are living apart from their parents or are sufficiently mature 
to provide consent. Regardless of a minor’s emancipation 
or maturity, it is wise to always obtain parental consent for 
elective procedures performed on minors. Unless parental 
consent is obtained, there is probably no binding contract 
enabling you or the hospital to receive payment for services.

Documentation

A patient’s medical record is the star witness in any medi-
cal malpractice lawsuit. The chart is the one witness whose 
memory never fades. The medical record can be your best 
friend when you are sitting on the witness stand, or it can be 
your worst enemy. Make it your best friend.

Defensive Charting

“If it’s not documented, it didn’t happen.” As a practical mat-
ter, this old adage is mostly true, and in any event serves as a 
good rule of thumb for all caregivers. Defense lawyers like to 

see professional comprehensive charting because it conveys 
the appearance of professional and comprehensive care – not 
only to a jury, but also prior to the suit when a plaintiff’s 
attorney is reviewing records and deciding whether or not to 
take the case.

Chart notations, as a general rule, need not be cluttered 
with overwhelming details to be defensible in the court-
room. A good defensive chart notation is written with an eye 
toward deflecting practical and obvious criticisms that would 
be made of the healthcare team or the writer of the nota-
tion. Examples of concepts to insert, as appropriate, would 
include the following:

Descriptions of bedside visits, especially when multiple •	
pages made
When you were there and what you did, including date, •	
time, and signature
Your thought process and differential diagnosis•	
Presence of family members•	
“Spoke with husband at bedside.”•	
“Patient states that she understands a change in bowel •	
 habits should be reported.”
“Patient refuses to comply with treatment recommenda-•	
tions because …”
“Patient not able to perform fecal occult blood test because •	
…”16

Etiology Speculation

The charting of not only the facts, but also speculative opin-
ions can be as damaging as too little charting. It is not uncom-
mon that one member of the medical team may speculate as to 
the etiology of an adverse event, and that the surmised etiol-
ogy gets parroted by other members of the healthcare team.

Example: Physician undertakes a second look laparotomy to 
rule out recurrence of cancer. During the procedure, the bladder 
and bowel are perforated, but the perforations are identified and 
repaired intraoperatively. A bowel leak, however, is detected 
three days later when the patient is admitted. A second year 
resident records in the medical chart, “Iatrogenic perforation 
resulting in sepsis.” This reference is repeated by two attendings 
on other services.

A perforation that is diagnosed within 24 h of an endoscopic 
procedure may have been iatrogenic, but then again it may 
have been spontaneous. To assume in the medical chart that 
a perforation occurred during a procedure, if repeated by 
others in the medical record, becomes a “reality” that may 
be insurmountable in the courtroom, even when an expert 
testifies that the perforation in retrospect was clearly spon-
taneous.

Everything that is written in the medical chart is critical, 
and key phrasing is often highlighted or enlarged for juries to 
see on poster boards. Remember that causation is one of the 
four elements of medical malpractice, and is frequently the 
most difficult of the four elements for the plaintiff to prove.
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•	 ALERT! – Iatrogenic means “caused by manner or action 
of physician, not by medical treatment.” Do not use the 
word if you are not absolutely certain that the injury was 
practitioner-induced.

Also remember that physicians need not always be correct  
in treating patients. Rather, they must comply with the 
standard of care. A defensible chart notation reflects a phy-
sician’s attention, thought process, and a differential diagno-
sis, even if the working diagnosis turns out to be incorrect 
in retrospect.

Plaintiff’s Pre-claim Review

Because plaintiffs’ attorneys are paid on a contingency fee 
basis, the better plaintiffs’ attorneys conduct a review of a 
new client’s medical records before agreeing to take the case 
and further expending the resources of the law firm. Because 
nearly all medical malpractice cases are tried before juries (as 
opposed to judges), attorneys representing patients look for 
flaws in medical record documentation that juries can under-
stand. For example, a physician’s criticism of a colleague in 
a medical record is easier to showcase before a jury than the 
related medical facts, which often are too complicated for all 
jurors to completely understand. While professional differ-
ences of opinion are expected, professional conflicts are best 
resolved verbally. Disagreement with colleagues that appear 
in the medical records should be kept to a minimum, unless 
necessary or appropriate to properly document the patient’s 
course of care.

Other items which attorneys and their reviewing physicians 
look for are missing lab reports, radiology interpretations, 
or the results of any tests or procedures that were ordered 
but not present in the chart. Multiple page attempts by the 
nursing staff that go unanswered are also fertile ground for 
review and focus.

Example: Elderly male patient with debilitating back pain 
underwent spinal surgery. He was on anticoagulation medications 
due to a mechanical heart valve. Postoperatively he developed a 
hematoma at the base of the spine. In response to complaints of 
pain, he was seen three times by a house officer who did perform 
an appropriate examination but who neither stopped the patient’s 
heparin nor order an MRI. Permanent paralysis and urinary and 
sexual loss ensued.

A plaintiff’s lawyer would be immediately drawn to nurs-
ing notes stating that multiple page attempts were made and 
that no corresponding notes were made by any physician 
responding to the pages. The attorney immediately assumes 
that he or she can prove in the courtroom one of the follow-
ing scenarios: (1) no physician ever responded to the pages; 
(2) a physician did respond but the response was not timely; 
or (3) a physician responded but did not conduct a proper 
examination.

In this example, a comprehensive chart notation by the 
house officer, reflecting the thought processes and the extent 

of the examination, may obviate a claim, a verdict, and tens 
of thousands of dollars in legal fees.

Record Tampering and Deception

Improper altering of the medical record or tampering with 
the medical record may be grounds for punitive damages and 
even loss of licensure and should be avoided at all costs. 
Post-event recording in a medical record should be done with 
proper disclosure of the timing and reason for the entry and 
with the advice of risk management or legal counsel if appro-
priate. You should remember that your medical records are 
copied for multiple reasons – like insurance, compliance, and 
quality review – and those copies of any given patient’s med-
ical records may exist elsewhere, even at other healthcare 
facilities. Plaintiffs’ attorneys routinely request copies of the 
same medical records from multiple sources to ensure that 
all records are gathered, and discrepancies among the vari-
ous copies may be detected, e.g., a late entry on one copy that 
does not appear on another copy. When lawyers are suspi-
cious of entries made at different points in time, color copy-
ing can be requested and even a handwriting analysis. If a 
jury were to believe that a physician intentionally altered a 
medical record to lessen his or her own liability in a malprac-
tice case, the physician would lose credibility with the jury.

Similarly, a surgical error known to the physician but kept 
from the patient could flame juror anger if it later becomes 
known to the patient. Surgical needles and other “foreign 
objects” inadvertently left behind and discovered later by 
X-ray should be immediately disclosed to patients. The fol-
lowing 2003 Maryland case17 illustrates this point.

The plaintiff, a 49-year-old married grocer, with a long 
history of uncontrolled diarrhea and stomach pain diag-
nosed as ulcerative colitis, presented to a colorectal surgeon 
for a total proctocolectomy. A temporary ileostomy was 
performed contemporaneously. The surgeon performed a 
reanastomosis 90 days later, but the patient experienced a 
return of her uncontrolled diarrhea and stomach pain. She 
sought the advice of another physician, who discovered via 
colonoscopy that one-half of her rectum remained following 
the proctocolectomy. A second surgeon performed a second 
proctocolectomy and removed the remaining portion of the 
rectum, after which she made a full recovery. According to 
the plaintiff’s attorney, the first surgeon’s medical notes indi-
cated that he had performed the procedure incorrectly but 
failed to so inform his patient. The defendant surgeon con-
tended that it was an acceptable practice to leave one-half of 
the rectum. Her medical expenses had been $51,438. Experts 
testified on both sides. The jury deliberated one and a half 
hours and returned a verdict for the woman and her husband 
in the amount of $591,438. Usually, a jury spends one and a 
half hours selecting a foreperson and beginning to review the 
medical records. This jury appears to have been angered by 
the facts and spent relatively little time deliberating.
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Electronic Medical Records

The age of electronic medical records has brought enormous 
efficiencies and improved medical quality to the health-
care delivery system. All patient records, whether paper or 
electronic, are discoverable and admissible in medical mal-
practice lawsuits. In addition, the American Recovery and 
Reinvestment Act of 2009 amended HIPAA privacy regu-
lations to require providers who use or maintain electronic 
health records with respect to protected health information 
(PHI) of individuals, to provide to a patient, upon request, an 
electronic copy of the patient’s electronic health records.18 
This change becomes effective on February 17, 2010. Physi-
cians who record entries in computerized medical records 
must become familiar with how to use electronic medical 
systems and should understand that danger lurks in these 
more efficient computerized systems. For example:

•	 BEWARE drop-down menus and checklists
•	 BEWARE prefabricated medical descriptors
•	 BEWARE prefabricated informed consent notations
•	 BEWARE easy click-on techniques

Not all patient evaluations and regimens can be prefor-
matted. There is a natural tendency for caregivers to pick the 
“closest” option in a menu of options. Physicians should use 
“free text” whenever appropriate. It is much easier to defend 
“your own words” than the words of a computer programer 
who has written a menu of typical patient diagnoses in drop-
down menus or other coded formats.

Communication

Adverse Events, Bad News, and Apologies

When an untoward unexpected event occurs involving a 
patient, several avenues of communication are critical. First 
and foremost, the patient’s medical needs must be promptly 
addressed. Coordination of ongoing care, including consul-
tation and follow-up if appropriate, is a critical first step in 
deflecting a lawsuit.

As soon as practical after the event, the patient and family 
should be informed of the consequences to the patient in a 
respectful and sympathetic manner. This discussion should 
be preliminary to a more detailed discussion that should 
occur once more facts are obtained as discussed below. 
Without assigning blame or criticism of other practitioners, 
the patient and family should be informed of the fact that 
the event occurred, the current and future consequences to 
the patient, and what steps have been taken to address the 
patient’s medical condition. If the underlying causes for 
the event are not yet known, which is frequently the case, 
care should be taken not to speculate about the underly-
ing causes for the complication. This conversation is usu-
ally best handled by a physician well known to the patient 

and family, although differing circumstances may warrant 
placing others in that role.  Questions should be answered 
honestly and factually. The patient and family should be 
told that additional information is conveyed to them as it 
is known, but in any event that a more thorough discussion 
occurs within a set period of time, ideally 24 h. It is usu-
ally advisable to contact the risk manager or legal counsel if 
applicable, e.g., when the critical incident occurs in an insti-
tution, where such personnel are available. Depending on 
institutional policy, risk managers, or quality management 
personnel frequently assist in the interactions with patients 
and family. They also begin any appropriate administrative 
activity, such as initiating a sentinel event analysis, notifying 
an insurance carrier, sequestering medical devices or equip-
ment, initiating an equipment analysis, and reporting device 
failures to the FDA. The administrative staff may also wish 
to convene a risk management and/or quality management 
review that would be protected from discovery in a lawsuit 
under applicable state privilege statutes. It is also advisable 
for one member of the institutional team to be designated as 
the spokesperson to the patient and family so that consistent 
information is being delivered.

When more facts are gathered and a better understanding 
of the sequence of events is known, but ideally within 24 h, 
a family meeting is advisable. The spokesperson should lead 
the discussion and the patient’s attending physician, if not 
the spokesperson, should be present. The anticipated medi-
cal consequences and prognosis for the patient should be 
discussed, as well as the factual circumstances leading to 
the incident. Physicians and institutions should be willing 
to express sympathy and perhaps even apologize for what 
happened.

In recent years, a number of prominent institutions have 
urged their physicians to say they are sorry for a patient 
mishap and provide lawsuit-deflecting apologies. A handful 
of states have even enacted legislation immunizing various 
forms of apologies from courtroom use.19 Advice should be 
sought from institutional or local legal counsel regarding the 
admissibility of apologetic statements.

At family meetings, the family members should have an 
opportunity to ask all of their questions, and they should be 
given the name and contact information of someone to reach 
if additional questions arise later. The team should anticipate 
questions about writing off medical bills and the possibility 
of a malpractice claim. Any questions about malpractice can 
be deferred at that point with the explanation that institu-
tional legal counsel or an insurance representative contacts 
the family if desired. Keeping in touch with the patient and 
family spokesperson is critical during the next several days 
and weeks.

A senior member of the medical team, perhaps with the 
assistance of risk management or legal counsel, should be 
consulted in reviewing the chart and recording the events 
involving the untoward incident. The sequence of events, the 
timing, and the identity of personnel should be completely 
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and accurately recorded. All discussions with the patient 
and family members after the incident should also be clearly 
described, including the identity of persons present at the 
family meetings and what was said.

Many patients and family members at this juncture are 
considering whether to seek the advice of a lawyer, and they 
may be urged to do so by friends and other family members. 
Care should be taken by all members of the health care team 
to provide a courteous, qualitative, and sympathetic continu-
ity of care and interaction with family members. Physicians 
and other members of the health care team serve themselves 
and their patients well by using this time to provide as posi-
tive and supportive an experience as possible for patients and 
family members.

Emails

Because of the efficiencies associated with electronic mail 
communication, many physicians communicate with both 
patients and other health care providers by using electronic 
mail (email). Special care should be taken when using email 
that contains patient identifiable information.

Clinicians may communicate with other clinicians and 
patients by email. The Federal HIPAA of 199620 (discussed 
later) provides regulation for electronic transmission contain-
ing PHI, such as confidential medical information. HIPAA 
provides that health care providers have in place appropriate 
administrative, technical, and physical safeguards to protect 
the privacy of PHI.21 The HIPAA regulations do not provide 
a specific regulatory scheme for email communication, but 
they do require that providers have procedures that limit 
disclosures of PHI to the amount reasonably necessary to 
achieve the purposes of PHI disclosures.22

The Notice of Privacy Practices that providers give to their 
patients must explain in a separate statement that the provider 
may contact the patient to provide appointment reminders 
or information about treatment alternatives or other health-
related benefits or services that may be of interest to the indi-
vidual.23 If this is done by email, it is advisable to state that 
in the Notice of Privacy Practices.

You may wish to inform your patients that email transmis-
sion involves privacy and security issues that may be of inter-
est to them. Patients may even be asked whether they wish to 
communicate by email or not. Email that is sent to a patient’s 
business may be intercepted by the patient’s business col-
leagues, and emails can be inadvertently transmitted to unin-
tended addressees. The Internet is not considered a secure 
media for transmitting confidential data unless both parties 
utilize encryption methodology. These types of warnings can 
be provided to patients who wish to communicate with their 
physicians by email. Patients may even be asked whether 
they wish to communicate with you by email or not.

It is advisable for physicians to keep either paper or elec-
tronic copies of emails to and from patients that are relevant to 

patient treatment. These email copies should be  maintained 
in the patient’s medical records just as traditional paper cor-
respondence would be.

Physicians may wish to include a Confidentiality Notice 
that is preprinted at the bottom of email transmissions.  
A sample Confidentiality Notice appears below:

Confidentiality Notice: This email message including attach-
ments, if any, is intended only for the person or entity to which 
it is addressed and may contain confidential and/or privileged 
material. Any unauthorized review, use, disclosure or distribution 
is prohibited. If you are not the intended recipient, please contact 
the sender by reply email and destroy all copies of the original 
message. If you are the intended recipient, but do not wish to 
receive communications through this medium, please so advise 
the sender immediately.

HIPAA

The Federal HIPAA of 1996 provides national privacy pro-
tection for patients. Administrative Regulations (The “Fed-
eral Privacy Rule”)24 have been promulgated by the US 
Department of Health and Human Services (HHS) pursuant 
to HIPAA. The Federal Privacy Rule establishes minimum 
privacy standards for health care providers, health plans, and 
health care clearing houses (referred to in HIPAA as “covered 
entities”) to follow when using and disclosing patient-iden-
tifiable PHI that they create or maintain. Generally speak-
ing, PHI is any information that is created (or received) and 
maintained by a covered entity related to the health or health 
care of a patient (or payment related to the health care) that 
directly or indirectly identifies the patient.25

The Federal Privacy Rule also requires compliance with 
state laws that afford greater privacy protections than HIPAA. 
Compliance with the Federal Privacy Rule was required on 
and after April 14, 2003. All covered entities must have poli-
cies and procedures in place that demonstrate compliance 
with the Federal Privacy Rule.

HIPAA provides that health care providers must make a 
good faith effort to give each patient a Notice of Privacy Prac-
tices that describes the privacy practices of the health care 
provider. Patients must be asked to acknowledge in writing 
that they have received this notice. Once a provider makes 
a good faith effort to provide a Notice of Privacy Practices 
to a patient and gets the patient’s written acknowledgement 
of receipt of the Notice, the health care provider may use 
and disclose PHI for reasons related to the treatment of the 
patient, payment for the patient’s health care, and the health 
care operations of the provider (TPO). Generally, physicians 
who are independent practitioners of the hospitals of which 
they practice are part of those hospitals’ “organized health 
care arrangements,” enabling the disclosure of PHI between 
the hospital personnel and the independently practicing phy-
sicians. To use or disclose PHI for reasons other than TPO 
or as otherwise permitted by law, a physician must obtain 
an additional written permission from the patient called 
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an “authorization.”26 Clinical research, for example, is not  
considered “treatment” and usually must be separately 
approved by research subjects by signing an authorization. 
In many medical centers, authorizations for clinical research 
are integrated into the consent form approved by the institu-
tional review board. The Federal Privacy Rule requires that 
authorizations contain certain elements.27

HIPAA permits treating physicians to disclose to a patient’s 
family members, other relatives, close personal friends, and 
others identified by the patient any PHI that is directly rel-
evant to such person’s involvement with the patients care or 
health care payments. Prior to making any of these disclo-
sures, a physician should either obtain the patient’s agreement 
to the disclosure or reasonably infer from the circumstances 
that the patient does not object.28

A physician needs to be aware, however, of the potential for 
improper disclosures that this situation creates. Prior to the 
enactment of the American Recovery and Reinvestment Act 
of 2009, providers had no obligation to notify patients in the 
event their PHI was improperly disclosed. The amendments 
made by the Act to HIPAA require that providers notify their 
patients and HHS when there has been a “breach” of their 
PHI. The HHS published regulations pertaining to breaches 
in August 2009 that became effective September 23, 2009. 
A “breach” is defined as the unauthorized use, acquisition, 
access, and disclosure of PHI. The definition excludes unin-
tentional or inadvertent acquisitions made by employees or 
other authorized persons as long as the PHI is not further 
used or disclosed.29 In the event of a breach, a provider is 
required to notify the patient within 60 days. The notice 
must include a description of what happened, the informa-
tion involved, the recommended steps the person should take 
to protect themselves, and a description of any investigation 
or mitigation efforts made by the provider.30

Research and Innovative Surgery

Research Versus Innovative Practice

The emergence of evidence-based medicine has brought new 
challenges to the academic medical community. Surgeons 
and other physicians who serve as investigators in clinical 
trials are very familiar with the review and approval process 
of institutional review boards – ethics committees estab-
lished under federal law to oversee the conduct of research. 
Many disciplines, especially surgery, have evolved histori-
cally in an environment of unregulated innovation. It is often 
not clear when innovative therapy crosses the line into the 
research arena.

The Belmont Report31 states that the distinction between 
research and practice is blurred and that both often occur 
together. Research is usually described in a formal protocol, 
and departures from standard practice are not necessarily 
“research.” The Belmont Report also states:

The fact that a procedure is “experimental,” in the sense of 
new, untested, or different, does not automatically place it in 
the category of research. Radically new procedures of this 
description should, however, be made the object of formal 
research at an early stage in order to determine whether they 
are safe and effective. Thus, it is the responsibility of medical 
practice committees, for example, to insist that a major 
innovation be incorporated into a formal research project.

Regulation of the practice of medicine has historically 
been the exclusive province of the state medical boards and 
other state regulatory authorities. When medical practice 
crosses the line into “research” involving “human subjects” 
or investigational drugs, devices, or other test articles, how-
ever, the activity becomes subject to the regulation of the 
federal Office for Human Research Protection (OHRP)32 
for the US Food and Drug Administration.33 “Research,” as 
regulated, is a systematic investigation, including research 
development, testing and evaluation, designed to develop or 
contribute to generalizable knowledge.34 “Human subjects” 
are living individuals about whom an investigator conduct-
ing research obtains data through intervention or interaction 
with the individual or identifiable private information.35 Tra-
ditional examples of research studies include prospective 
industry-sponsored trials.

Data Base Registries

In theory physicians who engage in innovative treatment that 
does not involve a systematic design, a research protocol, a 
prospective intent to publish, or an investigational item are 
not regulated by either OHRP or FDA. Over the past decade, 
however, OHRP has expressed its view that those system-
atic collections of data performed off-chart, especially if 
published, carry an implicit prospective intent and are con-
sidered research. These may include ongoing patient regis-
tries, including outcomes data; tissue banks; static databases, 
including ad hoc research from closed trials; and even ret-
rospective studies, including chart reviews, if a prospective 
intent to publish was present.

In recent years, the OHRP has investigated a variety of 
innovative techniques to determine whether or not the activi-
ties should have been prospectively reviewed by an institu-
tional review board as research. Examples are: 14 patients 
treated with fractionated stereotactic radiosurgery for the 
treatment of large arteriovenous malformations prior to IRB 
approval;36 publication of a retrospective chart review that 
was conducted without IRB approval;37 publication describ-
ing partial left ventriculectomies performed in the manage-
ment of patients with dilated cardiomyopathy without IRB 
approval38 and fetal surgery procedures.39 Many if not all of 
these scenarios involved publications that used research jar-
gon and implied that a prospective research trial had been 
conducted (without IRB review and approval). In each of 
these investigations, OHRP suggested that the applicable 
institution consider the development of “innovative practice 
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committees” or similar institutional vehicles to evaluate 
major innovative therapies. Physicians, especially surgeons 
experimenting with minor surgical modifications to accepted 
techniques, should use care when authoring articles about 
clinical experiences that did not involve “research” as defined 
above. When in doubt physicians are encouraged to consult 
with their local institutional review boards for guidance.

Promotional Prohibitions

Physicians who conduct FDA-regulated research are pro-
hibited from representing in a promotional context that an 
investigational new drug, device, or other test article is safe 
or effective (or otherwise beneficial) before it has received 
regulatory approval.40 Physicians should carefully review 
press releases and other promotional disclosures prepared 
by commercial sponsors or manufacturers before permitting 
their names to be associated with such test articles prior to 
approval.

Insider Trading

If you are involved in clinical trials for pharmaceutical com-
panies or medical device companies whose securities are 
publicly traded, you may have certain obligations to pro-
tect the confidentiality of sensitive information you acquire. 
Your duties may stem from not only being a company officer 
or holding another fiduciary position, but also from being 
an investigator or from serving on company advisory com-
mittees like scientific advisory boards, clinical trial steering 
or executive committees, or data safety monitoring boards. 
The securities laws widely prohibit fraudulent activities of 
any kind in connection with the offer, purchase, or sale of 
securities.41 These provisions are the basis for many types of 
government enforcement activities, including actions against 
illegal insider trading. Insider trading is illegal when a person 
trades a security while in possession of material, nonpublic 
information, including information from medical research 
trials, in violation of a duty to withhold the information or 
refrain from trading in that security. “Tipping” other traders 
of such information who then trade a security affected by the 
tip is also illegal as is acting on an illegal tip.

Conclusion

In recent years, the demands and pressures on physicians and 
surgeons have grown dramatically. Lawyer advertising and 
malpractice awards and settlements are greater than ever before. 
Web-based consumer awareness has increased the knowledge 
base of patients. Government regulation and enforcement 
activities have become more focused. Greater understanding 
and awareness of legal and risk management concerns is criti-
cal for health care practitioners facing these challenges.
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54
Surgical Education
David J. Schoetz

Surgical education is undergoing exciting and challenging 
major transformational change within the broader context of 
healthcare reform, physician shortages, and financial uncer-
tainty. Spurred by seemingly diverse forces such as altered 
lifestyle expectations among residents and attending physi-
cians, the quality/safety movement, and improved recogni-
tion of the evolution of effective educational techniques, the 
training of surgeons has become extraordinarily complex. 
Pressures on the educators to provide a more nurturing envi-
ronment for the students while at the same time perform-
ing more clinical work to maintain the financial viability of 
the teaching institution threaten the ability to train the next 
generation of surgeons adequately. The traditional “see one, 
do one, teach one” paradigm of bygone years is no longer 
feasible; patients do not expect a partially trained and sleep-
deprived resident to practice on them without supervision.

Traditional “modern” surgical residencies are generally 
attributed to Halsted, who initiated the competitive pyrami-
dal system at the Johns Hopkins Hospital based on his early 
observations in Germany. Prior to this, surgeons were trained 
in a haphazard manner in a strict apprenticeship model. In 
the Halsted system, residents spent an average of 8 years in 
training; following gradual assumption of greater responsi-
bility for patient management over the first 6 years, the chief 
residency experience was 2 years in duration.1 During these 
final 2 years, the resident was, in essence, a junior staff with 
independent operating privileges. Many of the graduates of 
this particular training program went on to become profes-
sors of surgery, and the success of the program prompted 
other institutions to follow suit.2

Objections to the Halsted model revolved around the 
 master/apprentice relationship and thus the total reliance 
on the master without regard for validation of the qualities 
of the teacher. The unnecessary interpersonal competition 
among colleagues within the residency and the extended 
period of servitude, resulting in loss of a period of poten-
tially great independent productivity, prompted the develop-
ment of an alternative training plan by Edward Churchill of 
the Massachusetts General Hospital.3 Churchill believed that 

the junior residents were exploited to provide service to the 
hospital. He was also convinced of the need for flexibility in 
training, recognizing differing individual resident capabili-
ties. He was strongly supportive of the need for progressive 
responsibility for the trainee over the course of the training 
program. Finally, he abolished the pyramid of Halsted and 
replaced it with a “rectangular” plan; those who wished to 
pursue academic careers would need to pursue extra experi-
ence outside the residency period.

Cognitive Learning

During the first 60 years of the twentieth century, learning 
was often by osmosis, without a standardized curriculum. 
Clinical observation, self-study, and independent patient care 
were the manner of learning, with obvious individual varia-
tions for both the teacher and the student. Supplementation 
of this process might be by independent reading of relatively 
scarce textbooks and journals. The need to develop and teach 
a standardized basic body of knowledge was stimulated in 
part by the Accreditation Council for Graduate Medical Edu-
cation (ACGME) and the various Residency Review Com-
mittees (RRC). In addition, certifying boards were in the 
process of creating qualifying and certifying examinations 
that reflected quality patient care as determined by expert 
practitioners; this also created a standard curriculum.

Definition of a curriculum is an essential step in education, 
and graduate surgical education is no exception.4 Curriculum 
may be “syllabus based,” meaning a list of topics that forms 
the basis of what is being studied. This is convenient, but 
treats the learner as a passive recipient. “Objectives-based” 
curricula are predicated on the faculty identifying behavioral 
objectives and creating learning-based activities and evalu-
ation tools based on these objectives. These two types of 
“curriculum as product” are relatively simple and are most 
commonly used for medical education. More complex is 
“curriculum as process,” requiring continuous interaction 
between teacher and learner. The main advantage of this 
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latter type of curriculum is the active participation of the 
learner in the process. However, it is much more challeng-
ing for the faculty; moving toward process-based curriculum 
will necessitate faculty development programs that move the 
teachers to a more interactive environment.4

Current understanding of adult learning theory would sug-
gest that the lecture format, in which the learner is a passive 
participant in a unilateral process determined solely by the 
teacher, is grossly inefficient.5 Rather, the learner should be 
an active participant who learns best when actively involved 
in an individualized interactive learning program. Conse-
quently, the traditional lecture formats that are very comfort-
able for the teacher are becoming progressively less valued 
by the new generation of learners. Interactive media and 
case-based discussions are more beneficial.

Academic conferences in surgical programs consist pri-
marily of lectures, case presentations, and Morbidity and Mor-
tality (M&M) conference. Traditional M&M conferences 
have been ideally used as a platform to teach both process 
improvement and personal responsibility. Ultimately, the goal 
is to improve patient care by identifying factors that contrib-
uted to the complication and suggesting ways to prevent them 
in the future. Regular participation in M&M conferences has 
been shown to cover much of the curriculum of surgery.6

Curriculum redesign is being driven in part by the ACGME 
Outcome Project, introduced in 1999 as the basis for the devel-
opment and evaluation of a new curriculum for training physi-
cians.7 Initially, the ACGME endorsed six competencies:

1. Patient care
2. Medical knowledge
3. Professionalism
4. System-based practice
5. Practice-based learning and improvement
6. Interpersonal and communication skills

Since their introduction, all specialties have been stimulated 
to embrace competency-based curriculum design and evalu-
ation. The American Board of Medical Specialties has also 
adopted these competencies for primary board certification 
and maintenance of certification, lending some continuity in 
concept over the spectrum of postgraduate medical educa-
tion and subsequent practice.

Within this construct, conferences must be redesigned to 
reflect these competencies. M&M can be entirely based on 
the competencies in order to enhance learning and improve the 
educational content for all participants.8 In preparation for 
the conference, participants should identify the competencies 
that participate in the adverse outcome and take steps to rectify 
system problems in a collaborative fashion. The same is true 
for didactic lecture series, which can and should be redesigned 
to fit within the framework of the Outcome Project.

Evaluation of the quality of the program and of the edu-
cational commitment of the institution is also defined by the 
competencies. Not only are the program goals and objec-
tives centered around them, but the means of evaluating each  

individual resident is also based on new methods of evaluation 
within the framework of the competencies. Strategies such 
as the creation of a self-defined but externally evaluated 
educational portfolio, 360° evaluations by other care givers 
and patients, and scheduled formative evaluations with much 
more constructive feedback to the trainees are an integral 
part of the ACGME Outcomes project. Consequently, the 
demands on program directors and institutions are consider-
ably greater than ever before.9

Technical Skills

Unique to the education of proceduralists, including surgeons, 
is the need to provide technical training resulting in sufficient 
competence to practice independently at the completion of 
the training period. Debate continues on whether technical 
skill should be considered part of medical knowledge or a 
separate seventh competency. Needless to say, technical per-
formance of various procedures is a core curricular require-
ment for numerous specialties; validated teaching techniques 
for procedures are perhaps the most challenging aspect of 
present-day educational programs.

Traditional teaching of technical skills centered around 
a brief period of observational learning, perhaps with some 
training in “dog labs.” Pressure to “go to the operating room” 
resulted in a junior level trainee first observing, then assist-
ing, and finally performing actual procedures with variable 
supervision and input from master surgeons. Assessment was 
subjective and relied on the opinions of the faculty as well as 
excessively on pure numbers of cases performed without a 
formalized system of technical training with constructive feed-
back. Attempts to substitute formalized objective written tests 
have not translated into better or more valid technical skills 
acquisition; measurement of cognitive capability has been 
shown to not correlate with technical competency.10 Rather, the 
challenge has been to develop methods for not only teaching 
but also evaluating technical performance.11 This forms the 
basis of modern technical training and evaluation.

As learning theory has progressed, methods of acquir-
ing and refining motor skills have been applied to surgical 
training.12 Early teaching of technical skills should take 
place away from the operating room, allowing practice until 
there is a basic fluidity in the mechanical performance of 
the task. Expertise is developed by repetitive deliberate prac-
tice, from which master technicians are formed.13 Since the 
traditional apprenticeship model of training does not often 
offer this environment for learning, new methods of training 
and evaluating must be developed, validated, and applied in 
a formalized curriculum.

The Objective Structure Clinical Examination (OSCE) is 
a proven accepted method of assessing clinical competence 
of medical students. Utilizing the same basic philosophy, 
the University of Toronto developed the Objective Struc-
tured Assessment of Technical Skill (OSATS) for surgical 
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 residents, in which residents were observed performing 
 various  structured operative tasks.14 Bench model simula-
tion, which is less expensive and more widely applicable, 
provided equivalent results compared to the use of live ani-
mals. Since the initial descriptions of OSATS, it has been 
demonstrated to be consistently effective in imparting profi-
ciency to surgical residents.15,16

With the Residency Review Committee in Surgery require-
ment for access to simulation and skills facilities in all gen-
eral surgery residencies,17 development and utilization of 
validated curricula for skills acquisition will assume central 
importance for surgical educators. Creation of a skills lab-
oratory to accomplish training objectives for most surgery 
residencies need not be prohibitively expensive. Costs can be 
distributed over all of the intended users.18,19

Increasing frequency of the performance of laparoscopic 
surgical procedures has provided an impetus for the devel-
opment of curricula and devices that provide basic skills 
prior to a trainee actually performing surgery on a patient. 
In fact, teaching laparoscopic skills in the simulation envi-
ronment is very attractive and much easier than that with 
an open surgery. Various partial task training exercises have 
been used by the Society of American Gastrointestinal and 
Laparoscopic Surgeons (SAGES) to devise the Fundamen-
tals of Laparoscopic Surgery (FLS) program.5 This program, 
using box trainers and trained observers, teaches and evalu-
ates five psychomotor skills of basic laparoscopy; it has 
been endorsed by the American College of Surgeons and the 
Association of Program Directors in Surgery; the American 
Board of Surgery requires FLS certification for all graduat-
ing general surgery residents. Other specialties involved in 
the performance of laparoscopic techniques will either use 
this program or develop their own.

Higher fidelity computer-based systems, although more 
costly, may provide more advanced procedural skills for res-
idents and practicing surgeons. Students with experience in 
computer games are more adept at these types of exercises. 
As in the case of FLS training, which provides transferrable 
skills to the clinical setting, virtual reality simulators improve 
performance in the operating room.20 The major shortcoming 
of these devices, which are image based, is the lack of haptic 
feedback; this also limits their application in open surgery.21 
More sophisticated computer applications, particularly with 
Internet2, are apt to eliminate these limitations in the future. 
At present, there are considerable challenges regarding vali-
dation of various protocols and devices for possible incorpo-
ration into a skills curriculum.

Highest fidelity simulation refers predominantly to immer-
sion into an operating room or other interactive scenarios. 
Secrets to the success of these educational activities are the 
ability of the participants to suspend reality and a detailed 
debriefing among those involved after completion of the 
exercise.5 In order to optimize the benefit of these activi-
ties, which are time intensive for the participants and expen-
sive to provide, validation of the benefits must be built into 

each learning scenario. Whether a team-based activity, with 
 nursing, operating room staff, anesthesia providers, and sur-
geons and their trainees, or an individual communication 
exercise using professional patients or retrospective evalua-
tion of real patient/family interactions, it is clear that this type 
of learning will find greater application in the near future.

Endoscopy, including both upper endoscopy and colonos-
copy, is now a requirement for general surgery graduates. 
Acquisition of endoscopic skills is facilitated by the use of 
endoscopy simulators, which can teach basic manipulation 
of the shaft and dials as well as steering maneuvers. Prepara-
tion of the novice endoscopist in the simulation lab acceler-
ates the pace of the development of procedural adequacy.22 
At present, expert colonoscopists can be evaluated but are 
unlikely to benefit in terms of increased procedural profi-
ciency.23

SAGES has parlayed their success in development of the 
FLS activity to develop a Fundamentals of Endoscopic Sur-
gery (FES) program, which is nearly ready for beta testing. 
Presuming demonstration of validity of the FES curriculum, 
it is likely that it will also be adopted by major teaching orga-
nizations and the ABS.

Computer-based endoscopy simulators are expensive; 
their application in the training environment is more limited 
than that of basic laparoscopy trainers, making recuperation 
of the cost of the investment in these devices more difficult. 
Like all simulation exercises, however, they may find much 
broader applicability in ongoing credentialing and re-entry 
programs for practicing physicians. The American College 
of Surgeons has developed a program of accreditation for 
Basic Skills Labs and Comprehensive Education Institutes 
in order to extend research and education in teaching of 
surgeons and other physicians. The basic vision is to cre-
ate regional education centers that concentrate expertise and 
share resources.

Challenges

The quality and safety movement, fueled by the highly pub-
licized and excessively politicized report from the Institute 
of Medicine “To Err is Human: Building a Safer Health Sys-
tem,” 24 has leveraged the belief that exhausted and overworked 
residents and fellows are significant contributors to substan-
dard patient safety into pressure to change the working envi-
ronment for trainees. Publicity associated with the infamous 
“Libby Zion” incident in New York City ultimately resulted in 
the creation of the Bell Commission in the state of New York 
and ultimately the national adoption of the 80-h work-hour 
restrictions by the ACGME in 2003.25 The currently required 
duty hours regulations include the following:26

1. Duty hours must be limited to 80 h per week.
2. One day in seven free from all educational and clinical 

responsibilities.
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3. 10-h time period provided between all daily duty periods 
and after in-house call.

4. In-house call must occur no more frequently than every 
third night.

5. Continuous on-site duty, including in-house call, must not 
exceed 24 consecutive hours. Residents may remain on 
duty for up to six additional hours to participate in didactic 
activities, transfer care of patients, conduct outpatient clin-
ics, and maintain continuity of medical and surgical care.

6. At-home call (or pager call).

 (a) The frequency of at-home call is not subject to the 
every-third-night, or 24 + 6 limitation. However, at-
home call must not be so frequent as to preclude rest 
and reasonable personal time for each resident.

 (b) Residents taking at-home call must be provided with 
1 day in seven completely free from all educational 
and clinical responsibilities, averaged over a 4-week 
period.

 (c) When residents are called into the hospital from 
home, the hours that residents spend in-house are 
counted toward the 80-h limit.

These regulations initially resulted in numerous violations, 
particularly by procedural specialties, resulting in the develop-
ment of alternative patient care schemes. Night float rotations, 
nonphysician providers, and staggered shifts were creative 
ways devised to control hours of resident work; however, 
these efforts were met with objections that continuity of care 
would suffer as a result of adoption of a “shift” mentality.

Initial concerns that numbers of cases would be adversely 
affected by the 80-h rules have generally not been substanti-
ated.27 There has been a shift in operative experience, how-
ever. As the inpatients in the hospital have become more 
acutely ill, junior residents spend less time in the operating 
room. Expectations for acquisition of technical capabilities 
have been lowered for interns, who spend most of their time 
in the hospital outside of the operating room environment. 
Performance of complex cases is delayed until later in the 
residency, often resulting in residents who complete 5 years 
of training not having the skills or confidence to practice 
independently. As a result, a greater percentage of graduates 
seek additional fellowship training.28–30

Residents do appreciate the improved quality of life that 
they enjoy as a result of hours regulation; not all are equally 
enthusiastic about the effects on their training, with a poten-
tially more adversarial relationship with their attendings, 
who must do extra work and hire physician extenders to per-
form tasks previously done by residents. Certainly, residents 
and attendings must be more resourceful in allocating index 
operative cases within defined time periods. While the ben-
efits and detriments of the 80-h rules have been debated, a 
recent report from the surgical services at the University of 
Vermont has demonstrated a significant reduction in morbid-
ity and mortality after adoption of the hour regulations.31

In fact, since the hour restrictions have been in effect for 
only 5 years (the duration of training of a general surgeon), the 
real end result of current regulations cannot yet be measured 
and is certainly more complex than some would suggest. 
Despite this uncertainty, in December 2008, the Institute of 
Medicine released a report and recommendations on resident 
duty hours.32 This report recommends doing away with aver-
aging of hours worked and in so doing, essentially reduces 
the number of hours that can be worked to much fewer than 
80 h per week. It also does away with  moonlighting  during 
residency, which is a threat to residents in training who are 
often significantly in debt from student loans and who are 
expected to begin to repay these loans after completion of 
school and during residency. This most recent IOM report 
has resulted in a maelstrom of activity directed against adop-
tion of the IOM recommendations predicated on the belief 
that we have not yet accurately assessed the effect of the 
2003 regulations on training of physicians.33–35 The ACGME 
has responded to the IOM by creating a task force with mul-
tiple stakeholder representation. Their work has recently 
been summarized as follows:36

1. The safety of patients is of utmost importance; the respon-
sibility for safety resides with the resident, the attending 
and the systems of care.

2. Graded authority and responsibility on the part of resi-
dents are substantially diminished, with concerns for 
inadequate training.

3. There is a need for some flexibility in standards between 
specialties.

4. There are effects (in some instances unintended conse-
quences) of alterations in training schemes on other spe-
cialties.

5. Residents are more rested and do have more satisfaction 
with their life.

6. Absolute rules and “substantial compliance” are very dif-
ferent in practice; rigid adherence to absolute rules often 
challenges professionalism and patient care.

Suffice it to say that multiple competing agendas must be 
acknowledged and resolved by reasonable compromise. 
Clearly, the training of surgeons is affected by the hours 
regulations.

Financing of graduate medical education from the Medi-
care budget is also an enormous long term challenge to the 
training of physicians. A summary of the method of federal 
payment for residents and fellows 37 indicates that the direct 
payment for residents has become inadequate to pay for resi-
dent training; an adjustment for teaching hospitals designed 
to reimburse the anticipated greater cost of care due to ineffi-
ciency and waste has been progressively reduced as the pres-
sures on the Medicare trust fund have increased. With the 
exception of one redistribution of unused positions (which 
was not an absolute increase), the numbers of residency 
positions have been capped at 1997 levels by the Balanced 
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Budget Act; this is at a time when there is a public mandate 
to increase the number of graduates from medical school by 
20–30% over 10 years and also during significant growth in 
the numbers of eligible Medicare recipients.38

Highly publicized Medicare fraud allegations resulting 
in substantial monetary fines and even the threat of prison 
have resulted in stricter requirements for documentation and 
supervision guidelines. Increasingly litigious and adversarial 
relationships among physician, attorneys, and patients have 
undermined confidence in the system of training physicians. 
The opportunity to provide an environment of progres-
sive independent practice within a residency program has 
become difficult at best. Extension of the duration of train-
ing in ACGME recognized training programs is financially 
unattractive, since the initial period of full reimbursement 
for each resident/fellow is fixed by law and not likely to be 
lengthened; increasing the length of training is at the expense 
of institutional operating budgets.

Colon and Rectal Surgery

Needless to say, since general surgery residency is the founda-
tion for colon and rectal surgery training, these factors that are 
challenging the quality of the 5-year trainee in general surgery 
have a substantial effect on colon and rectal surgical training. 
At present, the duration of training in colon and rectal surgery 
is 1 year beyond general surgery; in the past, this had been 
sufficient to essentially double the volume of cases done by a 
5-year surgery trainee in the one additional year.39 Competi-
tion for an increasing number of available residency positions 
in colon and rectal surgery is brisk, with 1.4 applicants per 
available position.40 The changes in general surgery training 
just outlined have pressured colon and rectal surgeons to 
consider increasing the duration of training to 2 years, which 
may make the specialty less attractive to general surgery 
trainees who are considering advanced training.

In 2006, the primary constituents of the specialty, led by 
the American Board of Colon and Rectal Surgery (ABCRS) 
but also with representation from the RRC, the Program 
Directors Association (PDA) and the American Society of 
Colon and Rectal Surgeons (ASCRS), created a Blue Rib-
bon Committee. This was in response to the much heralded 
American Surgical Association Blue Ribbon Committee, 
which reported in 2004.41 This latter committee also included 
major stakeholders in general surgery including the Ameri-
can Board of Surgery, the RRC and the American College 
of Surgeons as well as the American Surgical Association. 
Prompted by an apparent loss of interest by medical students 
in seeking a career in general surgery, this effort was an 
introspective examination of the factors that might make the 
specialty more attractive to medical students. The executive 
summary is a comprehensive document in which the founda-
tion of traditional general surgery education is challenged at 
all levels. Proposed restructured training would provide for 

a basic core curriculum followed by advanced specialty and 
subspecialty training, divorced from practical considerations 
of funding of residency positions.

The American Board of Surgery has been the primary 
motivator of the development of the SCORE (Surgical Coun-
cil on Resident Education) project.42 Other members of this 
transformational project are the American College of Sur-
geons, the American Surgical Association, the Association 
of Program Directors in Surgery, the Association for Surgi-
cal Education and the RRC for Surgery. SCORE is in the 
process of developing specific learning objectives for each of 
the topics within 28 organ system-based categories. Opera-
tions and procedures are classified as Essential-common, 
Essential-uncommon and Complex. Procedural competency 
is not expected for complex procedures.

For colorectal procedures, total proctocolectomy includ-
ing ileoanal reservoir, is considered complex.42 For anorectal 
procedures, complex procedures include:

(a) Stapled hemorrhoidectomy
(b) Repair of complex anorectal fistulae
(c) Operation for incontinence/constipation
(d) Abdominal operations for rectal prolapse, both open and 

laparoscopic
(e) Perineal operations for rectal prolapse
(f) Operations for rectal cancer, including transanal resec-

tion and abdominoperineal resection

The implications of these changes in the anticipated experi-
ence for a general surgery trainee are obvious for colorectal 
surgeons. The colon and rectal surgeons must evaluate all 
aspects of colon and rectal training in light of possible sig-
nificant future changes in general surgery residency.

One consideration has been to increase the duration of 
training from 1 to 2 years for colon and rectal surgery. 
A survey of graduates of colorectal training programs taking 
the ABCRS examination from 2005 to 2007 was adminis-
tered and determined that general surgery residents decide 
relatively late in their training to pursue additional colorec-
tal surgery residency positions.43 This reflected the effect of 
mentoring and exposure to the field relatively late during 
general surgery residency. Shortening the overall duration of 
general surgery training was not favored by a 2:1 margin; if 
the general surgery training in preparation for colon and rec-
tal surgery was diminished to 4 years, all acknowledge that 
colorectal training would extend to at least 2 years. Financial 
considerations for funding of 2 year residencies, as outlined 
above, would be a substantial impediment to this schema. 
Furthermore, a change to a 4/2 scheme would be disrup-
tive to general surgery training programs, with the loss of 
approximately 80 chief residents.

An important factor to consider when evaluating a change 
in residency design/construct is that a significant percentage 
of practicing colon and rectal surgeons continue to perform 
some general surgery as part of their practice.44 While the 
amount of non-colorectal tends to diminish as their practice 
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matures, 48% of board certified colorectal surgeons still 
perform general surgery to some extent. Maintaining certi-
fication in both general and colorectal surgery may be unat-
tractive unless there can be recognition of a shared body of 
knowledge and some reciprocity in the accreditation pro-
cess; since the numbers of general surgeons are critically 
low, losing that percentage of general surgery performed by 
colorectal surgeons because of failure to maintain certifica-
tion would have negative consequences.45

The Program Directors in Colon and Rectal Surgery have 
developed an essential curriculum, which has been ratified by 
the ABCRS. The ASCRS, which is the educational arm of the 
specialty, has arranged for the publication of this curriculum 
as a textbook, which is based on the agreed-upon curriculum. 
As a living document that reflects changes in core concepts of 
the specialty, the curriculum has formed the basis for didactic 
teaching and testing in colon and rectal surgery.

Technical requirements for satisfactory completion of a 
colon and rectal residency are in flux. For some time the 
ABCRS used 17 categories developed from the case lists of 
applicants for board certification.45 Deficiencies in more than 
five operative categories were sufficient to prevent a candi-
date from qualifying for examination, with the presump-
tion that the individual had not received adequate training 
to become a certified specialist. While the use of a rolling 
average acknowledged the changing practice patterns in ter-
tiary centers, it has become increasingly clear that numbers 
of cases are a poor surrogate for technical competence. Fur-
thermore, the rather liberal allowance of five category defi-
ciencies allowed candidates with significant inadequacies in 
their overall education to sit for the examination. The Colon 
and Rectal Surgery Blue Ribbon Committee recommended 
to the ABCRS that absolute minimum standards be adopted 
and this is currently in transition as data are collected and 
analyzed; it is anticipated that these new more stringent 
requirements will be fully operational by 2011–2012.46,47

Since it is increasingly clear that numbers of opera-
tive cases performed do not necessarily equate to technical 
competence, considerable energy must be directed at the 
development of formative and summative evaluation instru-
ments for assessment of procedural training. These efforts 
are cosponsored by all of the parties involved in training of 
colon and rectal surgeons. In addition, non-technical com-
ponents of training must be scrutinized and, where neces-
sary, altered to increase their overall contribution to training. 
If the primary aim of residency training is to prepare safe 
practitioners and protect the public, then all efforts must be 
directed at improving our ability to do so and to continue that 
 capability for a professional lifetime.

Acknowledgment. This chapter was written by Clifford L. 
Simmang and Richard K. Reznick in the previous version of 
this textbook.
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55
Continuing Medical Education
Martin Luchtefeld

Background

In today’s world, the pace of increasing medical knowledge 
is unprecedented. The challenge for the practicing physician 
is to stay abreast of relevant new information in their field of 
practice. For the surgeon, there is the additional challenge of 
learning new techniques that have evolved since their surgi-
cal training period. The American Board of Medical Spe-
cialists and ACGME have attempted to define the competent 
physician by outlining six core competencies (Table 55-1).1 
This definition of the competent physician has gained 
widespread use in graduate medical education and several 
of these competencies speak directly to this issue of main-
taining one’s ability to practice medicine competently after 
residency: practice-based learning and improvement, medi-
cal knowledge, and patient care. Unfortunately, there is not 
a well-defined infrastructure to continue a practicing physi-
cian’s education, such as that exists for medical students and 
residency/fellowship education.

In the surgical world, this problem is particularly acute. 
The consequences of performing procedures before being 
fully trained can be disastrous to the patient.

The relatively recent experience of the introduction of 
laparoscopic cholecystectomy illustrates the consequences 
of insufficient training and less-than-rigorous credentialing. 
When first introduced, there was a strong public demand for 
the laparoscopic approach to cholecystectomy. At the time, 
cholecystectomy was the most common procedure done by 
general surgeons at approximately 500,000 cases per year. 
A surgeon who could not do the procedure laparoscopically 
soon found that referrals diminished and practice suffered. 
As a consequence, there was a rush to provide training in 
the procedure. Unfortunately, there was no system in place 
to provide this training to the surgeon and surgical team. 
Courses were provided but were quite variable in the quality 
of education. The best courses included didactic sessions, 
videos, training in black boxes and procedures done in ani-
mal models that closely simulated the experience of laparo-
scopic cholecystectomy in humans. The courses certified 

attendance, but there were no specific guidelines to certify 
competence in the procedure. Hospitals faced the same eco-
nomic pressures as the surgeons and credentialing standards 
and the awarding of privileges was lax. It was not uncommon 
for a surgeon to take a weekend course and schedule proce-
dures the following week.2 The result of this combination of 
unfortunate events was a great increase in the number of bile 
duct injuries.3

One of the concepts to emerge from this was that of the 
“learning curve.” For cholecystectomy, the learning curve 
has been estimated to be 50 cases. This estimate is based 
on reports that 90% of bile duct injuries occur in the first  
30 cases and that the calculated risk for injury is 1.7% on the 
first case and 0.17% on the fiftieth case.4

In an effort to avoid the problems encountered with the 
initiation of laparoscopic cholecystectomy, the American 
Society of Colon and Rectal Surgeons (ASCRS) approved 
a registry that was housed by the American College of 
Surgeons (ACS) Commission on Cancer and endorsed by 
the Society of Gastrointestinal and Endoscopic Surgeons 
(SAGES).5 In addition, the ASCRS issued a position paper 
that colorectal cancer should best be treated laparoscopically 
only if the surgeon was participating in a trial or a prospec-
tive registry that would allow the evaluation of results at a 
later date.6 Lastly, it was recommended that only surgeons 
who had performed at least 20 laparoscopic colon surger-
ies should attempt a laparoscopic colectomy for cancer with 
curative intent.7

Surgeons, with industry support, combined to provide 
a better mechanism for training and for the initiation and 
application of new technology. Over the past two decades, 
the laparoscopic approach was adopted for many procedures 
in addition to colectomy, such as Nissen fundoplication and 
bariatric surgery without the problems seen with laparo-
scopic cholecystectomy.

However, despite the successes of the introduction of vari-
ous laparoscopic procedures, there is still a lack of a cohesive 
system to provide ongoing education for the practicing physi-
cian as well as lack of a defined curriculum and/or  standards 
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of accreditation. Most of the present system revolves around 
Continuing Medical Education (CME) credits.

CME, as defined by the Accreditation Council for Con-
tinuing Medical Education (ACCME), “constitutes educa-
tional activities that serve to maintain, develop, or increase 
the knowledge, skills, performance, and the relationships a 
physician uses to provide services for patients, the public, or 
the profession.”8

History of Ongoing Education

The first requirements for CME began in 1934 when the 
American Board of Urology mandated this as a way to 
enhance specialist education of recent scientific advances.9 
CME remains the primary way that practicing physicians’ 
document and continue their education outside of the univer-
sity setting.10 As of 2006, 56 of 68 state and territorial licens-
ing boards require certain levels of completion of CME for 
recertification of their medical licenses, including all allo-
pathic and osteopathic licensure boards in the USA and the 
US territories.11

Even though CME is a major venue for education for the 
practicing physician and one of the primary means of dem-
onstrating competence, there is little evidence to support the 
effectiveness of CME as it is currently structured to improve 
patient care or outcomes.12,13 Partially in response to this 
shortcoming, the AMA commissioned a task force called 
the “initiative to Transform Medical Education” to consider 
reform of all medical education, including CME. The stated 
goal of the initiative was to “…promote excellence in patient 
care by implementing reform in the medical education and 
training system across the continuum, from premedical prep-
aration and medical school admission through continuing 
physician professional development.”14 Despite the efforts of 
this task force, to date, there has been very little change in 
the CME field.

The American College of Chest Physicians obtained sup-
port form the Agency for Healthcare Research and Quality 
(AHRQ) to review the data for the effectiveness of CME. 
The AHRQ awarded this funding to the Johns Hopkins 
Evidence-Based Practice Center (EPC) to do a systematic 
review and attempt to answer several key questions.

CME Effectiveness on Practice  
Performance

This review identified 105 studies that evaluated the impact 
of CME on physician practice performance, both short-term 
and long-term. A wide range of objectives was studied, 
including prescribing, screening, guideline adherence, and 
others. Even though the majority of studies reported posi-
tive outcomes, slightly less than 30% did not. Nine studies 
reported mixed results.15

This same review attempted to review the question of 
which media was most effective for CME. Nine of 20 stud-
ies that evaluated single live media had positive long-term 
outcomes. Of the remaining studies, three had mixed results, 
three did not change behavior, and four studies lacked a con-
trol group.

Single print media did not seem to be effective; eight 
of the nine studies evaluated did not meet their objectives, 
whereas 40 of the 57 studies using multiple media met their 
objective.15

The effects of specific educational techniques were also 
evaluated. Multiple techniques were included in this review: 
academic detailing, audience response systems, case-based 
learning, clinical experiences, demonstrations, discussion 
groups, feedback, lectures, mentoring or precepting pro-
grams, point-of-care techniques, problem-based learning, 
team-based learning, programed learning, readings, role play, 
simulations with standardized patients, and writing. Review 
of the eleven studies that evaluated the use of single tech-
nique suggested that there was not a positive impact on prac-
tice behavior. A number of reports evaluated either multiple 
techniques (76 studies) or compared multiple techniques to 
single technique (18 studies). While the evidence was not 
overwhelming, the data suggested that multiple techniques 
were more useful that single techniques in achieving a posi-
tive impact on practice behavior.15

The effect of a single exposure to CME was evaluated as 
was multiple exposures. Of the studies with a single expo-
sure, just under half of the studies demonstrated a positive 
effect. In comparison, almost two-thirds of the studies that 
used multiple exposures to CME met their objectives.15

CME Effectiveness for Knowledge  
Application and Psychomotor Skills

The number of studies that are related to CME and physi-
cian knowledge application are few in number. In the EPC 
review, only 15 studies evaluated either knowledge applica-
tion or psychomotor skills training. Even in these 15 studies, 
it was felt that the overall quality of evidence was low.16 The 
studies on knowledge application were evaluated only in pri-
mary care physicians. Most studies (11 of 12) demonstrated 

Table 55-1. Six core competencies of the competent physician

1. Patient care
2. Medical knowledge
3. Practice-based learning and improvement
4. Interpersonal and communication skills
5. Professionalism
6. Systems-based practice
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effectiveness in improving knowledge application in the short 
term. As might be expected, multiple exposures and longer 
duration led to better results.

In the realm of psychomotor skills, there were only 
three studies to evaluate. In all three, the methods studied 
all improved psychomotor skills. However, the skills being 
taught were simple (knee injection, flexible sigmoidoscopy, 
and ankle/knee exam), and there was not enough information 
to make recommendations regarding the optimal methods.16

CME: Simulation Research

Included among possible forms of CME for a colon and rec-
tal surgeon is simulation. Medical simulation is defined as “a 
person, device, or set of conditions which attempts to pres-
ent [education and] evaluation problems authentically. The 
student or trainee is required to respond to the problems as 
he or she would under natural circumstances. Frequently the 
trainee receives performance feedback as if he or she were in 
the real situation.”17

There is hope that simulation may give a practicing surgeon 
another alternative to develop the technical skills necessary 
to perform a new procedure before attempting this procedure 
on a patient. Simulation can be done in many ways: computer 
models, anatomical models, solitary or team performances. 
Although simulation can be valuable for certain aspects of 
medical education, the evidence for the effectiveness of 
simulation in the literature is relatively weak. AHRQ issued 
a report whose aim was to synthesize the results of nine lit-
erature reviews on simulation.18 However, these reviews all 
evaluated simulation outside of CME.

While the authors of the AHRQ felt that simulation was 
an effective method of teaching, the overall strength of the 
evidence was weak due to there being only a small num-
ber of studies and not much quantitative data.19 In addition, 
eight of the nine reviews had a narrow focus (single medical 
specialty, single simulation method) and the primary studies 
themselves were weak.20

One of the reviews cited by the AHRQ was the Best Evi-
dence Medical Education (BEME) collaboration.19 This 
review was broader in scope and evaluated all best educa-
tional practices in 670 journal articles. The studies were 
heterogeneous enough and weak methodologically so that 
rather than doing a quantitative meta-analysis instead a 
qualitative, narrative summary was done. The authors of the 
review stated that “the weight of the best available evidence 
suggests that high-fidelity medical simulations facilitate 
learning under the right conditions.”19 The conditions that 
facilitated learning are seen in Table 55-2.

There was a subset of 31 articles with enough data to allow 
a quantitative meta-analysis. These studies were designed to 
answer the question of whether or not there was an asso-
ciation between hours spent on simulation-based practice 

and learning outcomes. Perhaps not surprisingly, there was 
a highly significant “dose response” between practice time 
and achievement.19

CME: Best Educational Practices

In a review of best educational practices, McGaghie et al.20 
suggested that CME best practices would have the follow-
ing three elements: mastery learning, deliberate practice, and 
recognition that cultural barriers in the medical profession 
that inhibit best educational practices.

Mastery Learning

Mastery learning has a number of key elements (Table 55-3). 
The objective in mastery learning is to assure that the final 
educational objectives are met by all learners with little or no 
variation in outcome. It is recognized that not all learners reach 
these objectives at the same time. Mastery learning can be 
applied to technical/physical skills as well as knowledge gains, 
features of medical professionalism, and affective qualities.20

Deliberate Practice

Deliberate practice has at least nine requirements (Table 55-4) 
that can be considered an educational variable associated 
with strong education as part of the mastery learning model. 
Although deliberate practice is demanding of learners, it is 
well grounded in theories of skill acquisition and mainte-
nance. Deliberate practice should enable constant improve-
ment of a skill or knowledge rather than simply maintaining 
a certain level of competence.20

Cultural Barriers

There are a number of barriers to the implementation of best 
educational practices. Despite a paucity of research to suggest 
its efficacy, the current system of CME is well established, 

Table 55-2. The 10 conditions to facilitate learning

 1. Feedback is provided during learning experiences
 2. Learners engage in repetitive practice
 3. Simulation is integrated into an overall curriculum
 4. Learners practice tasks with increasing levels of difficulty
 5. Simulation is adaptable to multiple learning strategies
 6. Clinical variation is built into simulation experiences
 7. Simulation events occur in a controlled environment
 8. Individualized learning is an option
 9. Outcomes or benchmarks are clearly defined or measured
10. The simulation is a valid representation of clinical practice

Adapted from Issenberg SB, McGaghie WC, Petrusa ER et al. Features and 
uses of high-fidelity medical simulations that lead to effective learning: a 
BEME systematic review. Med Teach 2005;27:10–28.19
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and it would take considerable time, effort, and resources 
to overcome inertia and make significant change. Much of 
education in the past has been patient centered so the notion 
of simulation and deliberate practice is a relatively foreign 
idea. The practicing physician has had very little in the way 
of outside motivators to require the use of more demanding 
ongoing education.20

CME and Maintenance of Certification

The American Board of Opthalmic Examinations was 
founded in 1916 and administered its first board certifica-
tion exam in 1917. Other specialty boards followed and then 
in 1933 the American Board of Medical Specialties was 
formed to “act in an advisory capacity to these boards” and to 
“stimulate improvement in postgraduate medical education.” 
There are now 24 member boards of the ABMS. Certifica-
tion was considered life-long but the issue of recertification 
was raised as early as 1936. Eventually, the rapid advance of 
medical knowledge lead to the recognition of the need for 

recertification although the first recertification  examinations 
were not given until 1969.11 The next evolution of this pro-
cess is Maintenance of Certification (MOC), developed 
and introduced by the ABMS in 2000.21 The implication is 
that the practitioner is maintaining competence and skills 
on a continuous basis rather than simply recertifying every 
5–10 years. MOC has four elements (which are a distillation 
of the six elements of the competent physician):

Part I: Professional standing
Part II: Life-long learning and self-assessment
Part III: Cognitive expertise
Part IV: Practice performance assessment

In order to maintain certification, diplomats of the 24 member 
Boards (of which the American Board of Colon and Rectal 
Surgery is one) of the ABMS must satisfy all four parts of the 
MOC process. All member Boards require certain levels of 
CME to fulfill the requirements of lifelong learning (Part II). 
CME can also impact Part IV (practice performance assess-
ment) helping physicians address their own practice perfor-
mance by CME activities.

The Future of CME

It is clear that there is a need to improve the education sys-
tem for practicing physicians. ACS has attempted to address 
this need in one way by accrediting Education Institutes. The 
stated goal of these Institutes is to “focus on competencies and 
to specifically address the teaching, learning, and assessment 
of technical skills using state-of-the-art educational methods 
and cutting-edge technology.” The Institutes, to obtain cer-
tification, must plan to use a variety of methods, including 
bench models, simulation, simulators, and virtual reality to 
ensure that participants reach predetermined levels of skill 
by the completion of the course. There are also plans to do 
education research as well to better understand the science of 
acquisition and maintenance of surgical competence.22

The concept of mini-fellowships has also arisen as a way to 
fill the void for the practicing surgeon who desires to learn new 
skills or techniques. An internet search reveals that there are 
mini-fellowships for a vast array of technical skills. The spon-
sors can be industry, academic healthcare institutions, or in 
many cases a combination of both. The length of time commit-
ment ranges from 3 days to 3 months. The experience almost 
always involves a combination of learning techniques, includ-
ing didactics, simulation, cadaver labs, and video sessions. In 
some of these mini-fellowships, there is also opportunity to 
actually participate in surgery. These educational opportuni-
ties have not been studied but by using multiple techniques of 
teaching they are likely to be reasonably effective.

Parker and Parikh have recommended that CME in the 
future include the three following elements: assessment of 
learner needs, program design to meet those needs, and out-
come assessment.23 In the world of colon and rectal surgery, 

Table 55-4. Deliberate practice requirements

1. Highly motivated learners with good concentration
2. Engagement with a well-defined learning objective or task
3. Appropriate level of difficulty
4. Focused, repetitive practice
5. Rigorous, precise measurements
6. Informative feedback from educational sources (e.g., simulators or 

teachers)
7. Monitoring, correction of errors, and more deliberate practice
8. Evaluation to reach a mastery standard
9. Advancement to another task or unit.

Adapted from McGaghie WC, Siddall VJ, Mazmanian PE, Myers J. Lessons 
for continuing medical education from simulation research in undergraduate 
and graduate medical education: effectiveness of continuing medical edu-
cation: American College Of Chest Physicians evidence-based educational 
guidelines. Chest 2009;135:62S–8.20

Table 55-3. Elements of mastery learning

1. Baseline or diagnostic testing
2. Clear learning objectives, sequenced as units in increasing difficulty
3.  Engagement in educational activities (e.g., skills practice, data interpre-

tation, reading, focused on reaching the objectives)
4.  A set minimum passing standard (e.g., test score) for each educational 

unit
5.  Formative testing to gauge unit completion at a preset minimum passing 

standard for mastery
6.  Advancement to the next educational unit given measured achievement 

at or above the mastery standard
7.  Continued practice or study on an educational unit until the mastery 

standard is reached.

Adapted from McGaghie WC, Siddall VJ, Mazmanian PE, Myers J. Lessons 
for continuing medical education from simulation research in undergraduate 
and graduate medical education: effectiveness of continuing medical edu-
cation: American College Of Chest Physicians evidence-based educational 
guidelines. Chest 2009;135:62S–8.20
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there are several learner needs. The most obvious of these 
is the need to learn technical skills related to new technol-
ogy and new procedures. Another powerful driver of needs 
assessment is performance measures. Performance measures 
are drawn from a number of sources, including the  American 
Medical Association’s Physician Consortium for Perfor-
mance Improvement, the National Committee for Quality 
Assurance, the Agency for Healthcare Research and Qual-
ity, the National Quality Forum and Centers for Medicare 
and Medicaid Services. Performance measures are usually 
derived from evidence-based clinical guidelines. CME pro-
viders should be aware of the participants’ baseline knowl-
edge of the science behind these guidelines.

In an ideal CME program, the practitioner could have 
learning opportunities based on their own practice perfor-
mance. This would allow the physicians to compare their 
own data to established benchmarks and guidelines. Ulti-
mately, this could lead to the improvement in quality and 
safety in the physicians’ practice.

Technology has an evolving role in CME. It has already 
changed the way CME is delivered by way of CD-ROMs to 
computers to Internet-based podcasts. This has clearly made 
CME more accessible to the practitioner who is not based at a 
university or teaching facility. The emerging use of electronic 
medical records and computerized order entry facilitates the 
physicians’ ability to track their own practice performance. 
For surgeons, the increasing complexity and fidelity of simu-
lation enhance the learning of new techniques.
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56
Quality
Formosa Chen, Hiroko Kunitake, Elise Lawson, Joan Ryoo, and Clifford Y. Ko

Introduction

This topic is an interesting one, in that much research has 
been performed in this area and much policy has been enacted 
to improve quality of care. While an entire set of textbooks 
could be written on quality of care, the aims of this chapter 
are more focused on perhaps what would be interesting and 
important to a colon and rectal surgeon.

Thus, the specific aims of this chapter are to (1) familiarize 
the reader with the important principles and terminology in 
quality of care, (2) illustrate the application of these principles 
using colorectal surgery specific examples, and (3) provide 
a working knowledge to help today’s surgeons navigate an 
environment where quality is increasingly being emphasized.

Background

The spotlight has been on health-care quality since the publi-
cation of the Institute of Medicine reports “To Err is Human: 
Building a Safer Health System” in 1999 and “Crossing the 
Quality Chasm: A New Health System for the 21st Century” 
in 2001. These reports brought to the public consciousness 
the issues of preventable medical errors and the gap between 
medical knowledge and medical practice.1,2 What was sur-
prising was not that errors occurred or that quality was sub-
optimal, but the frequency and degree to which they were 
found. The notion that in-hospital deaths due to preventable 
medical errors represented the eighth leading cause of death 
in the USA was alarming to providers and patients alike.

In the decade since the publication of these reports, the 
quality movement has intensified, and health-care quality 
measurement and assurance have become major topics at 
the forefront of health-care regulation and reform. Fueled by 
sensational stories in the popular media and the ready avail-
ability of information on the Internet, consumers are also 
learning to demand more from their health-care  providers. 
Multiple stakeholders are involved in the quality movement, 

including the federal and state governments, insurance 
 companies, employer groups, hospitals, physicians, and 
patients. Today, it is no longer possible to practice medicine 
without being confronted by the daily demands for higher 
quality care.

Defining “Quality” in Health Care

Defining quality of care is difficult because of the different 
viewpoints on what quality is and how it is defined. Avedis 
Donabedian wrote: “The definition of quality may be almost 
anything anyone wishes it to be, although it is, ordinarily, a 
reflection of values and goals current in the medical care sys-
tem and in the larger society of which it is a part.”3 Currently, 
the most commonly cited definition of quality of care comes 
from the Institute of Medicine (IOM):

Quality of care is the degree to which health services for in-
dividuals and populations increase the likelihood of desired 
health outcomes and are consistent with current professional 
knowledge.4

Even with such a concisely worded definition, challenging 
issues arise. Whose desired outcomes? Do the patient’s or 
provider’s desires matter more? How do we measure these 
outcomes? What is and who determines the current profes-
sional knowledge? To focus the agenda on quality improve-
ment, the IOM has proposed six key dimensions of quality 
as areas for emphasis and additional research. They propose 
that a health system should be safe, effective, patient-centered, 
timely, efficient, and equitable. Each of these dimensions is 
addressed to some extent in this chapter.

Regardless of how each stakeholder and organization 
defines and prioritizes “quality,” it is perhaps more important 
to understand how quality is conceptualized, how it is mea-
sured, and how these concepts and measurements impact 
patients, providers/surgeons, and the practice of health care. 
These themes provide the structure for the following sections 
of this chapter.



908 F. Chen et al.

The History of Quality in Surgery

Despite the recent acceleration of the quality movement, 
awareness of the significance of quality of care in surgery 
arose nearly a century ago with Dr. Ernest Codman, a sur-
geon who began his career in Boston at the Massachusetts 
General Hospital. Dr. Codman proposed the “end result 
system” in which doctors would follow up their patients to 
determine the results and complications of treatment and 
make these findings public. He lost his staff privileges in 
1914 when he proposed that surgeon competence should be 
evaluated, and he eventually established his own hospital to 
pursue performance measurement and improvement objec-
tives. Dr. Codman was one of the founders of the American 
College of Surgeons and later the Joint Commission on the 
Accreditation of Hospitals. Dr. Codman’s pursuit of surgical 
outcomes and his endorsement of transparency in medical 
care are now part of the foundation upon which we strive to 
improve surgical quality in the USA.

Influenced by Dr. Codman’s efforts to improve the quality 
of care through the self-examination of clinical practice, in 
1935, the Philadelphia County Medical Society established 
the Anesthesia Mortality Committee, the antecedent to the 
now familiar Morbidity and Mortality Conference.5 Later 
renamed the Anesthesia Study Commission, they published 
a report in 1947 stating that at least two thirds of fatalities 
reviewed were classified as preventable.6 Morbidity and 
Mortality conferences are now a required educational activ-
ity mandated by the Accreditation Council for Graduate 
Medical Education (ACGME) for all residency programs, 
although conferences vary in their effectiveness in terms of 
quality evaluation and improvement.

One century ago, surgeons who championed the need for 
examining their own quality of care were shunned. Today 
health-care quality improvement and assurance are incentiv-
ized and increasingly regulated. The methodologies used to 
evaluate care have evolved from the examination of expe-
riential case series to the ability to perform complex and 
sophisticated statistical models and comparisons. Thus, one 

of the goals of this chapter is to try to simplify the state of 
the knowledge in health-care quality so that surgeons can 
apply it to their clinical practices. Instead of being driven by 
the external forces of change, surgeons should probably be 
drivers of quality improvement in their practices to benefit 
their patients.

A Conceptual Model of Quality of Care: 
The Donabedian Model of Quality of Care

Many have strived to develop means of understanding the 
multiple components of our complex and fragmented health-
care system. One approach has been through the use of 
conceptual models. One of the most commonly used mod-
els for thinking about health-care quality is the Donabedian 
Model of Quality of Care, originally described by Avedis 
Donabedian as three distinct aspects of “outcome, process, 
and structure.”3 The model was later refined into a causal 
chain of the three interrelated components of (1) structure, 
(2) process, and (3) outcome (Figure 56-1). In this model, 
structure facilitates the processes of care, and both in turn 
impact outcomes. Each of these components is defined and 
discussed in further detail in the following sections.

The Donabedian Model (Part 1): Structure

“Structure” in the Donabedian model refers to the charac-
teristics of the setting and providers in and through which 
health care takes place. Structural measures can describe 
entities as broad as the overall health care system or as spe-
cific as an individual physician.

Structural Measure at the Health System Level

An example of a structural measure that assesses quality at 
the level of the overall health-care system is the adequacy 
of the health-care workforce to meet the needs and demands 
of the population that it serves. An inadequate physician 

Figure 56-1. The Donabedian Model of Quality of Care: Interrelated components of structure, process, and outcome.
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 supply can lead to decreased access to appropriate specialists, 
delays in receipt of essential services, and worsened popula-
tion health-related outcomes. The extremes of surgical work-
force shortages are illustrated in developing countries such 
as Sierra Leone where there are four obstetricians in a coun-
try of 6 million (0.13 per 100,000 population)7 or Uganda 
where there are 75 general surgeons serving a population 
of 30 million (0.25 per 100,000 population).8 In contrast, 
on average there are 45 surgeons per 100,000 population 
in the USA. Despite this, surgical workforce shortages in 
the USA have been projected in multiple subspecialties by 
multiple studies.9–14 A recent study by Williams et al.11 has 
projected an imminent shortage of 1,300 general surgeons 
in the USA by 2010. The Association of American Medi-
cal Colleges (AAMC) also predicts a shortage of 124,000 
physicians by 2025, with 33% of the shortage occurring in 
surgical specialties.15 The AAMC has responded to the pro-
jected physician shortage by backing the Resident Physi-
cian Shortage Reduction Act of 2009, which proposes to 
increase the number of Medicare-supported residency posi-
tions by 15,000 slots, a 15% increase. However, this bill 
has stalled in Congress since its introduction in May 2009. 
While there are no studies specifically examining the pro-
jected workforce adequacy of colorectal surgeons, Etzioni 
et al.10 projected a 47% increase in the number of oncologic 
colon and rectal resections between 2000 and 2020. Using 
different data sources, Etizioni et al.16 also found that the 
demand for outpatient and inpatient colorectal procedures 
will increase by 21.3% and 40.6%, respectively, between 
2005 and 2025.

Some researchers contend that overall there is no  personnel 
shortage, but rather a misdistribution of surgeons between 
oversaturated and underserved areas.17 Nevertheless, most 
studies agree that the growing elderly population will 
increase the demand for surgical services. Whether recent 
and upcoming policy changes to address the workforce 
shortage or whether market forces to affect the redistribution 
of surgeons can overcome the projected crisis is still to be 
seen. However, colorectal surgeons will certainly be faced 
with the challenge of providing more services to an expand-
ing elderly population in an environment where surgeons 
will increasingly be held accountable for their outcomes. In 
the Donabedian model, the projected shortage of surgeons 
represents a potential structural flaw which will affect down-
stream processes and outcomes.

Structural Measure at the Institution Level

Examples of structural measures at the institution level 
include hospital accreditation status, nurse-to-patient ratios, 
availability of specialty services (e.g., interventional radiol-
ogy, transplant services, etc.), teaching status or affiliation 
with academic institutions, and hospital volume.

Accreditation is a stamp of approval given to an institu-
tion, such as a hospital, or a cancer center by a respected 

authority, such as the Joint Commission on the  Accreditation 
of Health Care Organizations or the Commission on Can-
cer of the American College of Surgeons, after a series of 
minimum qualifying criteria or benchmark standards have 
been met. Accredited institutions are believed to be of 
higher quality because they meet the stringent criteria of the 
accrediting body. From an institutional standpoint, accredi-
tation activities are often integral to performance and quality 
improvement efforts. The pros of accreditation are as fol-
lows: (1) it provides a standardized evaluation of institutions 
that facilitates benchmarking and comparison; (2) preparing 
for and undergoing accreditation can promote organizational 
change and result in better cultures and systems for qual-
ity improvement; (3) being labeled “high quality” can lead 
to more patient referrals; and (4) some studies have found 
that accreditation is associated with higher quality care.18 
The cons of accreditation are as follows: (1) the process can 
be bureaucratic, administratively burdensome, and costly; 
and (2) some criticize accreditation as a superficial exercise 
with little bearing on actual quality. A systematic review of 
accreditation studies by Greenfield et al.19 found no consis-
tent relationship between accreditation status and quality 
indicators, with some studies showing a positive association 
and others showing no relationship between the two. In col-
orectal surgery, supporters of accreditation have proposed 
that accrediting programs for rectal cancer or inflammatory 
bowel disease may be beneficial in promoting higher quality 
and more standardized care for these patient populations. To 
date, potential programs such as these have remained solely 
in the “discussion” phase.

The topic of hospital volume, or the volume–outcome 
relationship, has also recently received increasing attention 
in the surgical literature. The volume–outcome relationship 
is the observed association between provider case volume 
and patient outcomes, usually with increasing provider vol-
ume (hospital or surgeon) associated with improved patient 
outcomes. This was first described in the surgical literature 
in 1979 by Luft et al.20 who looked at mortality rates in 12 
surgical procedures across 1,498 hospitals. The majority of 
studies examining the volume–outcome relationship have 
focused on short-term perioperative mortality, with fewer 
studies examining other outcomes such as long-term sur-
vival, cancer recurrence, length of stay, cost of care, and 
postoperative complications. A meta-analysis performed by 
Gruen et al.21 examined the volume–outcome relationship 
between provider volume and mortality for six gastrointesti-
nal cancers (esophagus, stomach, liver, pancreas, colon, and 
rectum). Using unadjusted mortality results from 101 pub-
lications, this group found a statistically significant inverse 
relationship between hospital volume and short-term periop-
erative mortality for all cancers except rectal cancer. How-
ever, they also noted that one-third of the reviewed studies 
found no association between hospital or surgeon volume 
and mortality. A systematic review performed by Killeen 
et al.22 summarized the findings of 16 studies examining the 
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volume–outcome relationship in colorectal cancer  resection 
and concluded that the evidence supported a significant 
inverse relationship between volume and the outcomes of 
in-hospital mortality, 30-day mortality, and 5-year survival. 
However, the magnitude of the volume effect on mortality 
was small.

Other areas in colorectal surgery where a consistent 
 volume–outcome relationship has been demonstrated 
include the increased use of laparoscopic and sphincter-
sparing procedures by high-volume providers.23–27 Most 
studies looking at the harvesting of lymph nodes in cancer 
procedures have found a significant volume–outcome rela-
tionship.28–31 Studies examining postoperative complica-
tions have had mixed results.29,31–37 With regard to benign 
colorectal diseases, two studies found that higher hospital 
volumes are associated with lower mortality following sur-
gery for inflammatory bowel disease.38,39 One study found 
that high-volume hospitals and surgeons were more likely to 
perform laparoscopic instead of open resections for diver-
ticular disease. Studies examining cost of care have found 
that high-volume providers have shorter lengths of stay and 
in-hospital costs.31,34,40,41

Proponents of the volume–outcome relationship argue 
that regionalizing high-risk procedures to select high-volume 
providers can save patient lives. Critics argue that it is 
unclear whether increased volume leads to improved qual-
ity or whether high-quality care attracts more volume. They 
also argue that volume measures penalize low volume but 
high-quality providers. Regionalization policies may also 
adversely affect patient access to care and continuity of care 
if they are limited to select high-volume facilities that may 
be further away or outside of their list of usual providers. 
Given that the volume–outcome relationship is not consis-
tently demonstrated across studies, some argue that volume 
is an imperfect proxy for quality.

Despite the ongoing controversy, health-care payers have 
incorporated structural measures into their criteria for “Cen-
ters of Excellence” to incentivize patients to utilize qualify-
ing facilities or providers. A notable example is the Leapfrog 
Group’s “Evidence-Based Hospital Referral” (EBHR) rec-
ommendations in which they establish a minimum annual 
hospital volume for seven higher-risk surgical procedures as 
a referral criteria and encourage purchasers, be they insur-
ance companies or employer groups, to use their “leverage” 
to recognize and reward hospitals that meet EBHR stan-
dards.1 Volume may solely be a proxy measure of quality, 
but it is increasingly being used by payers to determine 
referral patterns and may ultimately impact where surgeons 
choose to practice and the procedures they perform.

Structural Measure at the Practitioner Level

Examples of structural measures at the practitioner level 
include board certification and subspecialty training. 
Recently, there has been controversy surrounding the use of 
board certification as a colon and rectal surgeon as a marker 
for surgical quality in contrast to general surgeons. Board 
certification as a colon and rectal surgeon requires success-
ful completion of an ACGME approved training program 
in general surgery and one additional year in an ACGME 
approved colon and rectal surgery residency. The candidate 
must then pass both the written (qualifying) and oral (certi-
fying) examinations given by the American Board of Colon 
and Rectal Surgery. Overall, studies have generally shown 
improved outcomes for surgeons with specialty training.42–45 
A systematic review by Bilimoria et al.43, which examined 
the effect of surgeon training and specialization on outcomes 
following colorectal cancer surgery, found lower recurrence 
rates in five out of the ten studies and improved long-term 
survival in seven of the ten studies for colorectal trained sur-
geons.43 However, it was unclear if the additional training or 
having a specialized practice was responsible for the differ-
ence in outcomes. A study by Prystowsky et al.46 found that 
American Board of Surgery (ABS) certification was asso-
ciated with reduced mortality and morbidity but colorectal 
surgery training did not significantly affect outcomes. In this 
study, increasing years of experience was associated with 
reduced mortality. Board certification and specialty training 
are two examples of structural components which interact 
with structural components at the institutional and health-
system level to influence process and outcome in the care of 
the colorectal surgery patient.

The Limitations of Structural Measures of Quality

There is a great deal of literature examining structural mea-
sures of quality and their association with patient outcomes. 
Evidence supporting the validity of these measures has 
prompted policy makers to adapt and apply these measures to 
influence health-care utilization patterns. However, the most 
significant downside to structural measures is their relative 
immutability, especially from the perspective of an individual 
surgeon. While structural measures may have an important 
role in policy discussions and population-based planning, 
there may be little that the surgeon can change in the struc-
ture of their practice to ultimately impact patient outcomes.

The Donabedian Model (Part 2): Process

Process refers to what providers do to the patient or do 
for the patient. Everything that occurs in the continuum 
of patient care constitutes a process of care. The litera-
ture contains numerous clinical practice guidelines that 
describe treatment processes and algorithms that comply 
with the standard of care or represent best practices. An 
example is the National Comprehensive Cancer Network 

1 The Leapfrog Group is a consortium of large employers that 
focuses on health-care quality. Their “Evidence-Based Hospital 
Referral” recommendations can be found at http://www.leapfrog-
group.org/media/file/Leapfrog-Evidence-Based_Hospital_Referral_
Fact_Sheet.pdf.

http://www.leapfroggroup.org/media/file/Leapfrog-Evidence-Based_Hospital_Referral_Fact_Sheet.pdf
http://www.leapfroggroup.org/media/file/Leapfrog-Evidence-Based_Hospital_Referral_Fact_Sheet.pdf
http://www.leapfroggroup.org/media/file/Leapfrog-Evidence-Based_Hospital_Referral_Fact_Sheet.pdf
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(NCCN) Practice Guidelines in Oncology.2 Becoming 
more popular and commonplace are similar concepts – 
that being process measures or quality indicators. These 
are also processes that have been identified to be associ-
ated with high-quality care and have been developed into 
tools that can quantitatively measure how frequently these 
processes take place during patient care.

The difference between practice guidelines and process 
measures is that guidelines are often qualitative recommen-
dations that often include gray areas of variable appropriate-
ness, allowing for a physician’s clinical judgment and patient 
preferences. In contrast, process measures are quantitative 
measurements, have simplistic measurement algorithms, 
and can be used to set standards of care.47 Table 56-1 is an 
example of the distinction between a clinical guideline and a 
process measure.

The ASCRS practice parameter proposes the recom-
mended care but uses words like “should” and “may,” leav-
ing the ultimate treatment decision up to the surgeon. The 
SCIP process measure on the other hand quantifies within 
a specific surgical population, the percentage of patients 
who actually received appropriate VTE prophylaxis within 
a defined 48 h window.

A good process measure has the following characteris-
tics: (1) it is explicit in its inclusion and exclusion criteria 
(denominator); (2) it is rigid in its requirements for satisfying 

the process (numerator); and (3) it is linked to outcomes. 
Because good process measures are linked to quality of care, 
they are often called “quality indicators.”

Examples of process measures or quality indicators include 
the Surgical Care Improvement Project (SCIP) process mea-
sures, the National Quality Forum National Consensus Stan-
dards for Quality of Cancer Care, and the National Initiative 
for Cancer Care Quality (NICCQ) quality indicators for 
colorectal cancers (Table 56-2).48–50 These quality indicators 
establish the standard of care that patients should receive; 
they are explicit, quantitative, and evidence-based, and there 
is a growing trend by regulatory bodies and payers to use such 
quality indicators to set standards for appropriate care.

SCIP measures are reported to the Joint Commission and 
the Center for Medicare and Medicaid Services (CMS). 
These measures include the use of perioperative prophylactic 
antibiotics, the use of clippers for hair removal, immediate 
postoperative normothermia, the use of venothromboembo-
lism prophylaxis, continuation of perioperative beta-block-
ers, and the removal of urinary catheters by postoperative 
day 2. Data collection on SCIP measures began in 2004 and 
has since become the focus of many institution-wide quality 
improvement (QI) efforts.

The utility of process measures or quality indicators lies 
in their ability to be measured and improved. As such, QI 
 programs are often developed around indicators like the 
SCIP measures. Data collection and indicator measurement 
can be accomplished either prospectively or retrospectively 
and are often carried out by a nurse abstractor. Following 
baseline measurement of an organization’s adherence to a 
set of quality indicators such as the SCIP measures, tailored 

Table 56-1. An example of the distinction between a clinical guideline and a good measure

ASCRS practice parameter for the prevention of venous thrombosis 48 Surgical care improvement project (SCIP) VTE prophylaxis process measure

Patients in the moderate-risk to high-risk categories for VTE undergoing 
abdominal surgery should receive prophylaxis with unfractionated 
(LDUH) or low-molecular-weight heparin (LMWH). Patients at risk 
for bleeding may receive mechanical prophylaxis instead.

Numerator Statement: Surgery patients who received appropriate venous 
thromboembolism (VTE) prophylaxis within 24 h prior to Anesthesia 
Start Time to 24 h after Anesthesia End Time.

Denominator Statement: All selected surgery patients

2 The National Comprehensive Cancer Network (NCCN)  Practice 
Guidelines in Oncology can be found at http://www.nccn.org/ 
professionals/physician_gls/f_guidelines.asp.

Table 56-2. Examples of process measures in colorectal surgery

Name Description and general application

Surgical Care Improvement Project (SCIP) process 
measures

Measures appropriate use of perioperative prophylactic antibiotics (selection, timing, and dis-
continuation), use of clippers for hair removal (instead of razors), immediate postoperative 
normothermia, use of venothromboembolism prophylaxis (selection and timing), continua-
tion of perioperative beta-blockers, and removal of urinary catheters by postoperative day 2. 
Applicable to all surgical patients

National Quality Forum National Voluntary Consensus 
Standards for Quality of Cancer Care

Includes four colorectal cancer quality measures addressing the removal and examination of at 
least 12 lymph nodes in colon cancer resections, the completeness and quality of pathology 
reporting, and the timeliness of adjuvant chemotherapy in stage III colon cancer

National Initiative for Cancer Care Quality (NICCQ) 
quality indicators for colorectal cancer

Set of 25 indicators addressing multiple clinical domains. Measures cover diagnostic testing, 
pathology reporting, documentation, referrals to specialists, timing and receipt of treatment, 
technical quality of care, and respect for patient preferences. Applicable to stage II–III 
colorectal cancers

http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
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Table 56-3. Randomized controlled trials, Cochrane reviews, and protocols in colorectal surgery and colorectal diseases (2009–2010)

Study Study description

Randomized clinical trials
Laparoscopic vs. open
Allardyce RA, et al. Br J Surg. 2010 Jan;97(1):86–91. Australasian Laparoscopic Colon Cancer Study shows that elderly patients may benefit 

from lower postoperative complication rates following laparoscopic versus open 
 resection

Cheung HY, et al. Arch Surg. 2009 Dec;144(12):1127–32. Endolaparoscopic approach vs conventional open surgery in the treatment of obstructing 
left-sided colon cancer: a randomized controlled trial

Neudecker J, et al. Br J Surg. 2009 Dec;96(12):1458–67. Short-term outcomes from a prospective randomized trial comparing laparoscopic and 
open surgery for colorectal cancer

Lujan J, et al. Br J Surg. 2009 Sep;96(9):982–9. Randomized clinical trial comparing laparoscopic and open surgery in patients with rectal 
cancer

Buunen M, et al. Dan Med Bull. 2009 May;56(2):89–91. COLOR II. A randomized clinical trial comparing laparoscopic and open surgery for 
rectal cancer

Ng SS, et al. Dis Colon Rectum. 2009 Apr;52(4):558–66. Long-term morbidity and oncologic outcomes of laparoscopic-assisted anterior resection 
for upper rectal cancer: 10-year results of a prospective, randomized trial

Buunen M, et al. Lancet Oncol. 2009 Jan;10(1):44–52. 
Epub 2008 Dec 13.

Survival after laparoscopic surgery versus open surgery for colon cancer: long-term 
 outcome of a randomised clinical trial

Allardyce RA, et al. ANZ J Surg. 2008 Oct;78(10):840–7. Australian and New Zealand study comparing laparoscopic and open surgeries for colon 
cancer in adults: organization and conduct

Marcello PW, et al. Dis Colon Rectum. 2008 
Jun;51(6):818–26; discussion 826–8. Epub 2008 Apr 17.

Hand-assisted laparoscopic vs. laparoscopic colorectal surgery: a multicenter, prospective, 
randomized trial

Rink AD, et al. Dis Colon Rectum. 2009 Oct;52(10): 
1738–45.

Laparoscopic-assisted or laparoscopic-facilitated sigmoidectomy for diverticular disease? 
A prospective randomized trial on postoperative pain and analgesic consumption

Vignali A, et al. Dis Colon Rectum. 2009 Jun;52(6): 
1080–8.

Effect of prednisolone on local and systemic response in laparoscopic vs. open colon 
surgery: a randomized, double-blind, placebo-controlled trial

Chemotherapy

Braun MS, et al. J Clin Oncol. 2009 Nov 20;27(33): 
5519–28. Epub 2009 Oct 26.

Association of molecular markers with toxicity outcomes in a randomized trial  
of chemotherapy for advanced colorectal cancer: the FOCUS trial

Okines A, et al. Br J Cancer. 2009 Oct 6;101(7):1033–8. Surgery with curative-intent in patients treated with first-line chemotherapy plus 
 bevacizumab for metastatic colorectal cancer First BEAT and the randomised phase-III 
NO16966 trial

Van Cutsem E, et al. N Engl J Med. 2009 Apr 2;360(14): 
1408–17.

Cetuximab and chemotherapy as initial treatment for metastatic colorectal cancer

Jackson NA, et al. Cancer. 2009 Jun 15;115(12):2617–29. Comparing safety and efficacy of first-line irinotecan/fluoropyrimidine combinations 
in elderly vs. nonelderly patients with metastatic colorectal cancer: findings from the 
bolus, infusional, or capecitabine with camptostar-celecoxib study

(Continued )

interventions can then be designed and implemented to 
 target areas of poor performance. The effectiveness of the QI 
program is demonstrated by improvement in adherence rates 
to the indicators. The ultimate goal of these QI programs is 
to improve patient outcomes by improving the delivery of 
specific processes of care.

The strength of the association between quality indica-
tors and patient outcomes is based on the validity of the 
underlying scientific evidence. The development of process 
measures or quality indicators is often accomplished using 
Delphi methods that combine best evidence and expert opin-
ion.51 Follow-up studies examining the association between 
adherence to the quality indicators and patient outcomes are 
ultimately necessary to confirm the clinical validity of the 
measures. An example is a study by Pastor et al. examin-
ing the relationship between adherence to the SCIP mea-
sures and surgical site infections (SSI) in colorectal surgery 
patients. They found no significant reduction in the rate of 

SSI, despite significant improvements in compliance with 
the SCIP measures.52 Studies like this raise the question of 
whether expending significant resources to improve per-
formance in SCIP measures is actually improving patient 
 outcomes. However, more studies are ultimately necessary 
to prove or disprove the validity of the SCIP measures.

One of the best ways to identify processes of care is 
through randomized controlled trials (RCTs). In point of fact, 
RCTs are considered the most reliable and impartial meth-
ods for determining which medical interventions work the 
best. Within colorectal surgery, the majority of clinical trials 
focus on new chemotherapy regimens or surgical techniques. 
Table 56-3 lists many of the colorectal-relevant randomized 
clinical trials published in the last 2 years. Although RCTs 
provide valuable information regarding specific treatment 
regimens, they are limited by the restricted selection of clini-
cal trial participants, and therefore the results may not be 
absolutely generalizable to specific patients.
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Table 56-3. (Continued )

Study Study description

Kim GP, et al. J Clin Oncol. 2009 Jun 10;27(17):2848–54. 
Epub 2009 Apr 20.

Phase III noninferiority trial comparing irinotecan with oxaliplatin, fluorouracil, and 
leucovorin in patients with advanced colorectal carcinoma previously treated with 
fluorouracil: N9841

Roh MS, et al. J Clin Oncol. 2009 Nov 1;27(31):5124–30. 
Epub 2009 Sep 21.

Preoperative multimodality therapy improves disease-free survival in patients with 
 carcinoma of the rectum: NSABP R-03

Debucquoy A, et al. Radiother Oncol. 2009 Nov;93(2): 
273–8. Epub 2009 Sep 9.

Double blind randomized phase II study with radiation + 5-fluorouracil +/− celecoxib  
for resectable rectal cancer

Kono T, et al. Jpn J Clin Oncol. 2009 Dec;39(12):847–9. 
Epub 2009 Sep 4.

Preventive effect of goshajinkigan on peripheral neurotoxicity of FOLFOX therapy:  
a placebo-controlled double-blind randomized phase II study (the GONE Study)

Koda K, et al. Hepatogastroenterology. 2009 Jan–Feb; 
56(89):116–9.

Randomized, controlled study of continuous 5-FU infusion starting immediately after 
curative surgery for advanced colorectal cancer

André T, et al. J Clin Oncol. 2009 Jul 1;27(19):3109–16. 
Epub 2009 May 18.

Improved overall survival with oxaliplatin, fluorouracil, and leucovorin as adjuvant 
 treatment in stage II or III colon cancer in the MOSAIC trial

Van Cutsem E, et al. J Clin Oncol. 2009 Jul 1;27(19): 
3117–25. Epub 2009 May 18.

Randomized phase III trial comparing biweekly infusional fluorouracil/leucovorin alone 
or with irinotecan in the adjuvant treatment of stage III colon cancer: PETACC-3

Kanemitsu Y, et al. Jpn J Clin Oncol. 2009 Jun;39(6): 
406–9. Epub 2009 Apr 23.

A randomized phase II/III trial comparing hepatectomy followed by mFOLFOX6 with 
hepatectomy alone as treatment for liver metastasis from colorectal cancer: Japan 
 Clinical Oncology Group Study JCOG0603

Skof E, et al. BMC Cancer. 2009 Apr 22;9:120. Capecitabine plus Irinotecan (XELIRI regimen) compared to 5-FU/LV plus Irinotecan 
(FOLFIRI regimen) as neoadjuvant treatment for patients with unresectable liver-only 
metastases of metastatic colorectal cancer: a randomised prospective phase II trial

Bertagnolli MM, et al. J Clin Oncol. 2009 Apr 10;27(11): 
1814–21. Epub 2009 Mar 9.

Microsatellite instability predicts improved response to adjuvant therapy with irinotecan, 
fluorouracil, and leucovorin in stage III colon cancer: Cancer and Leukemia Group B 
Protocol 89803

Fields AL, et al. J Clin Oncol. 2009 Apr 20;27(12):1941–7. 
Epub 2009 Mar 9.

Adjuvant therapy with the monoclonal antibody Edrecolomab plus fluorouracil-based 
therapy does not improve overall survival of patients with stage III colon cancer

Sebag-Montefiore D, et al. Lancet. 2009 Mar 7;373(9666): 
811–20.

Preoperative radiotherapy versus selective postoperative chemoradiotherapy in patients 
with rectal cancer (MRC CR07 and NCIC-CTG C016): a multicentre, randomised trial

Dahl O, et al. Acta Oncol. 2009;48(3):368–76. Final results of a randomised phase III study on adjuvant chemotherapy with 5 FU and 
levamisol in colon and rectum cancer stage II and III by the Norwegian Gastrointestinal 
Cancer Group

Robertson JD, et al. Clin Colorectal Cancer. 2009 Jan;8(1): 
59–60.

Phase III trial of FOLFOX plus bevacizumab or cediranib (AZD2171) as first-line treat-
ment of patients with metastatic colorectal cancer: HORIZON III

Siegel R, et al. BMC Cancer. 2009 Feb 6;9:50. Preoperative short-course radiotherapy versus combined radiochemotherapy in locally 
advanced rectal cancer: a multi-centre prospectively randomised study of the Berlin 
Cancer Society

Ychou M, et al. Ann Oncol. 2009 Apr;20(4):674–80.  
Epub 2009 Jan 29.

A phase III randomised trial of LV5FU2 + irinotecan versus LV5FU2 alone in adjuvant 
high-risk colon cancer (FNCLCC Accord02/FFCD9802)

Adams RA, et al. Br J Cancer. 2009 Jan 27;100(2):251–8. Toxicity associated with combination oxaliplatin plus fluoropyrimidine with or without 
cetuximab in the MRC COIN trial experience

Bidard FC, et al. Ann Oncol. 2009 Jun;20(6):1042–7.  
Epub 2009 Jan 19.

Efficacy of FOLFIRI-3 (irinotecan D1,D3 combined with LV5-FU) or other irinotecan-
based regimens in oxaliplatin-pretreated metastatic colorectal cancer in the GERCOR 
OPTIMOX1 study

Hecht JR, et al. J Clin Oncol. 2009 Feb 10;27(5):672–80. 
Epub 2008 Dec 29.

A randomized phase IIIB trial of chemotherapy, bevacizumab, and panitumumab com-
pared with chemotherapy and bevacizumab alone for metastatic colorectal cancer

Bokemeyer C, et al. J Clin Oncol. 2009 Feb 10;27(5): 
663–71. Epub 2008 Dec 29.

Fluorouracil, leucovorin, and oxaliplatin with and without cetuximab in the first-line treat-
ment of metastatic colorectal cancer

Sastre J, et al. Crit Rev Oncol Hematol. 2009 
May;70(2):134–44. Epub 2008 Dec 25.PMID: 
19111473.

Elderly patients with advanced colorectal cancer derive similar benefit without excessive 
toxicity after first-line chemotherapy with oxaliplatin-based combinations: comparative 
outcomes from the 03-TTD-01 phase III study

Kabbinavar FF, et al. J Clin Oncol. 2009 Jan 10;27(2): 
199–205. Epub 2008 Dec 8.

Addition of bevacizumab to fluorouracil-based first-line treatment of metastatic colorectal 
cancer: pooled analysis of cohorts of older patients from two randomized clinical trials

Kaçar S, et al. Acta Chir Belg. 2008 Sep–Oct;108(5): 
518–23.

Pre-operative radiochemotherapy for rectal cancer. A prospective randomized trial com-
paring pre-operative vs. postoperative radiochemotherapy in rectal cancer patients

Sanoff HK, et al. J Clin Oncol. 2008 Dec 10;26(35): 
5721–7. Epub 2008 Nov 10.

Five-year data and prognostic factor analysis of oxaliplatin and irinotecan combinations 
for advanced colorectal cancer: N9741

Cunningham D, et al. Ann Oncol. 2009 Feb;20(2):244–50. 
Epub 2008 Oct 14.

Two different first-line 5-fluorouracil regimens with or without oxaliplatin in patients with 
metastatic colorectal cancer

Haller DG, et al. J Clin Oncol. 2008 Oct 1;26(28):4544–50. Oxaliplatin plus irinotecan compared with irinotecan alone as second-line treatment after 
single-agent fluoropyrimidine therapy for metastatic colorectal carcinoma

(Continued )
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Table 56-3. (Continued )

Study Study description

Cancer screening
Hol L, et al. Br J Cancer. 2009 Apr 7;100(7):1103–10. Screening for colorectal cancer: random comparison of guaiac and immunochemical  

faecal occult blood testing at different cut-off levels
Paggi S, et al. Clin Gastroenterol Hepatol. 2009 

Oct;7(10):1049–54. Epub 2009 Jul 1.
The impact of narrow band imaging in screening colonoscopy: a randomized controlled 

trial
Ling BS, et al. Arch Intern Med. 2009 Jan 12;169(1): 

47–55.
Physicians encouraging colorectal screening: a randomized controlled trial of enhanced 

office and patient management on compliance with colorectal cancer screening
Adler A, et al. Gastroenterology. 2009 Feb;136(2): 

410–6.e1; quiz 715. Epub 2008 Oct 15.
Narrow-band vs. white-light high definition television endoscopic imaging for screening 

colonoscopy: a prospective randomized trial
Other
Morey MC, et al. JAMA. 2009 May 13;301(18):1883–91. Effects of home-based diet and exercise on functional outcomes among older, overweight 

long-term cancer survivors: RENEW: a randomized controlled trial
Au HJ, et al. J Clin Oncol. 2009 Apr 10;27(11):1822–8. 

Epub 2009 Mar 9.
Health-related quality of life in patients with advanced colorectal cancer treated with cetux-

imab: overall and KRAS-specific results of the NCIC CTG and AGITG CO.17 Trial
Wright FC, et al. Arch Surg. 2008 Nov;143(11):1050–5; 

discussion 1055.
A randomized controlled trial to improve lymph node assessment in stage II colon cancer

Brisinda G, et al. J Surg Oncol. 2009 Jan 1;99(1):75–9. End-to-end vs. end-to-side stapled anastomoses after anterior resection for rectal cancer
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Ng SS, et al. Dis Colon Rectum. 2009 Apr;52(4):558–66. Long-term morbidity and oncologic outcomes of laparoscopic-assisted anterior resection 

for upper rectal cancer: 10-year results of a prospective, randomized trial
Garcia-Olmo D, et al. Dis Colon Rectum. 2009 

Jan;52(1):79–86.
Expanded adipose-derived stem cells for the treatment of complex perianal fistula: 
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(Continued )
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Limitations of Process Measures

One of the limitations of process measures is that it is often dif-
ficult to prove that performance of a process measure directly 
results in improved patient outcomes. Very few processes per-
formed in clinical practice are substantiated by level I evidence 
(based on at least one well-designed randomized clinical trial). 
A second limitation is that there are no validated quality indi-
cators for many areas in surgery where quality improvement 
may be warranted. The development of new and validated 
indicators can be an expensive, complex, and time-consuming 
process, making it prohibitive for some organizations wishing 
to develop their own tailored indicators. A third limitation is 
that data collection to measure adherence to process measures 
or quality indicators is often labor- and cost-intensive. Suc-
cessful QI efforts require the buy-in of stakeholders at multi-
ple levels within an organization, physician champions as well 
as adequate financial resources. Finally, outside of commonly 
used indicators such as the SCIP measures, there may be lim-
ited benchmarks against which an organization’s performance 
can be compared. In the absence of benchmarks for compari-
son, QI programs often set an arbitrary goal of 85% or 90% 
compliance as their mark for success.

The Donabedian Model (Part 3): Outcomes

Outcomes are the end result of receiving health care. Tra-
ditionally, surgeons have examined their outcomes through 
morbidity and mortality conferences. In particular, these 
conferences focus on adverse outcomes of care. The objec-
tives of outcome measurement are to evaluate and compare 
providers as a means to inform providers and patients, adjust 
financial compensation, and facilitate quality assurance and 
improvement.

In order to make valid comparisons between providers, 
appropriate patient risk adjustment must be performed. 
Risk-adjusted outcomes take into account the impact that 
patient characteristics and the context of care have on their 
outcomes. A simple way to think about risk adjustment is 
described by this equation by L.I. Iezzoni:

 
Patient factors Effectiveness of care

Random variation Outcome.

+
+ =

 

“Patient factors” represent the patient’s variables, such as 
their diagnosis, age, gender, socioeconomic status, comor-
bidities, and illness severity. “Effectiveness of care” relates 

Table 56-3. (Continued )

Study Study description

Anesthesia
Chen JY, et al. Clin J Pain. 2009 Jul-Aug;25(6):485–9. Opioid-sparing effects of ketorolac and its correlation with the recovery of postoperative 

bowel function in colorectal surgery patients: a prospective randomized double-blinded 
study

Beaussier M, et al. Anesthesiology. 2007 
Sep;107(3):461–8.PMID: 17721249.

Continuous preperitoneal infusion of ropivacaine provides effective analgesia and accelerates 
recovery after colorectal surgery: a randomized, double-blind, placebo-controlled study

Sim R, Cheong DM, et al. Colorectal Dis. 2007 
Jan;9(1):52–60.

Prospective randomized, double-blind, placebo-controlled study of pre- and postopera-
tive administration of a COX-2-specific inhibitor as opioid-sparing analgesia in major 
colorectal surgery

Cochrane reviews
Ahmed N, et al. January 2010 Supportive care for patients with gastrointestinal cancer
Des Guetz G, et al. January 2010 Duration of adjuvant chemotherapy for patients with non-metastatic colorectal cancer
Devon KM, McLeod RS. January 2009 Pre and peri-operative erythropoeitin for reducing allogeneic blood transfusions in col-

orectal cancer surgery
Gurusamy KS, et al. January 2010 Surgical resection versus non-surgical treatment for hepatic node positive patients with 

colorectal liver metastases
McAlister V, et al. January 2010 Hypertonic saline for peri-operative fluid management
Nelson RL. January 2010 Operative procedures for fissure in ano
Nienhuijs SW, Hingh IH. October 2009 Conventional vs. LigaSure hemorrhoidectomy for patients with symptomatic Hemor-

rhoids
Traut U, et al. October 2009 Systemic prokinetic pharmacologic treatment for postoperative adynamic ileus following 

abdominal surgery in adults
De Haas-Kock, et al. July 2009 Concomitant hyperthermia and radiation therapy for treating locally advanced rectal 

cancer
Figuls MR, et al. April 2009 Second-line chemotherapy in advanced and metastatic CRC
Cochrane protocols
Sagar J, Winslet M. July 2009 Colorectal stents for the management of malignant colonic obstructions
Des Guetz G, et al. April 2009 Neoadjuvant chemotherapy for patients having resection or ablation of liver metastases 

from colorectal cancer
Donghao LV, et al. January 2009 Chemotherapy with Camptothecin compounds for metastatic colorectal cancer
Herrle F, Schattenberg T. January 2009 Omentoplasty for the prevention of anastomotic leakage after colonic or rectal resection
Mishra SI, et al. January 2009 Exercise interventions on health related quality of life for cancer survivors
Montedori A, et al. January 2009 Covering ileo- or colostomy in anterior resection for rectal carcinoma
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to the nature of the intervention being studied. For example, 
surgical resection of a stage I cancer is more likely to result 
in a cure compared to surgical resection of stage IV cancer. 
The differential impact of the same treatment in different 
clinical contexts must also be considered when performing 
adequate risk adjustment. “Random variation” is perhaps 
best described by the saying: “You can do everything wrong 
and have a good outcome, and you can do everything right 
and have a bad outcome.” The effect of random variation 
or “chance” is particularly significant when working with a 
small number of patients. An example where risk adjustment 
makes intuitive sense is when providers who care for older, 
sicker, and more complicated patients have higher mortality 
rates. Without appropriate risk adjustment to “level the play-
ing field,” it would be uninformative to compare outcomes 
across providers. The statistical methods for performing risk 
adjustment on outcomes data are sophisticated and complex 
and are beyond the scope of this chapter. For an in-depth 
examination of risk adjustment in measuring health-care out-
comes, consider Risk Adjustment for Measuring Healthcare 
Outcomes edited by Lisa Iezzoni.53

Organizations often bypass the complexity of perform-
ing their own risk adjustment on outcomes data by relying 
on other organizations to do it for them. An example is the 
American College of Surgeons’ National Surgical Qual-
ity Improvement Project (NSQIP). NSQIP first began as 
the National Veterans Administration Surgical Risk Study 
(NVASRS), which developed risk models for 30-day mortal-
ity and morbidity in nine surgical subspecialties to facilitate 
comparison of surgical outcomes at Veterans Administration 
(VA) hospitals to the national average. NVASRS allowed for 
the first time a comparison of surgical quality across surgi-
cal subspecialties and VA hospitals across the country. With 
its success, NVASRS then evolved into an ongoing qual-
ity improvement program known as the National Surgical 
Quality Improvement Project. In 1999, NSQIP was piloted 
in three non-VA hospitals, demonstrating that it was feasi-
ble to collect and analyze data using NSQIP risk-adjusted 
models in non-VA settings. Since 2001, with funding from 
the Agency for Healthcare Research and Quality (AHRQ), 
the American College of Surgeons has expanded NSQIP 
data collection to include over 250 private sector hospitals. 
NSQIP allows hospitals to submit their own data, compare 
their risk-adjusted outcomes to a national average, and 
identify areas in surgical care where their rates of mortal-
ity or complications are higher than expected based on their 
patient population.

In addition to objective or “hard” patient outcomes such as 
mortality or complications, there are also subjective patient-
reported outcomes such as patient satisfaction, functional 
status, and quality of life. These areas of outcome measure-
ment have received increasing attention in the era of patient-
centered health care.

In the colorectal surgery literature, there are increas-
ing numbers of studies focused on patient-reported sexual 

function, general health, quality of life, and satisfaction 
 following colorectal surgery, given that many patients will 
favor quality of life over quantity of life. 54–62

Using a multitude of survey instruments which address 
physical function, clinical symptoms, quality of life, and 
patient satisfaction, patient-reported outcomes aim to define 
the critical component of health care which is not captured 
in administrative or clinical data – the patient’s perspective. 
Now, as we strive to improve quality, particularly in the 
context of pay-for-performance and patient-centered care, 
patient-reported outcomes have been recognized as a key 
component in the measurement of health-care quality. For 
the practicing surgeon, quality-of-life instruments and the 
results of quality of life studies highlight areas of importance 
to the patient which may need to be addressed during the 
provision of care.

There are many validated instruments available to evaluate 
physical function, clinical symptoms, and quality of life, and 
there are increasing numbers of instruments being developed 
for colorectal patients (Table 56-4).63–79 Patient-reported out-
comes survey instruments. For example, colorectal cancer-
specific instruments include the European Organization 
for Research and Treatment of Cancer (EORTC) CR-38 
and Functional Assessment of Cancer Therapy-Colorectal 
(FACT-C). To give a flavor of the content of these two instru-
ments, they both are briefly discussed below.

The EORTC is one of the largest clinical trial groups in 
Europe which has focused on developing cancer-specific 
questionnaires and site-specific questionnaires to evaluate 
quality of life in cancer patients. The EORTC CR-38 was 
designed as a supplement to the core questionnaire, EORTC 
QLQ-C30, for use in colorectal cancer patients participating 
in international clinical trials. The EORTC CR-38 consists 
of 38 items covering symptoms and side effects related to 
different treatment modalities, body image, sexuality, and 
future perspective.78,79 Nineteen questions are completed by 
all patients, and the remaining 19 questions are specific to 
certain subsamples of patients such as male or female gender 
or presence of a stoma. The CR-38 consists of two func-
tional scales, body image and sexuality, and seven symptom 
scales: micturition, gastrointestinal, chemotherapy, defeca-
tion, stoma, male and female sexual problems. Together with 
the EORTC QLQ-C30, the CR-38 provides a comprehensive 
assessment of quality of life in colorectal cancer patients 
over a wide variety of stages and treatments.

The FACT-C combines the Functional Assessment of 
Cancer Therapy-General (FACT-G), a 27-item general ques-
tionnaire of health-related quality of life in patients with 
cancer or other chronic illness, with a nine-item Colorectal 
Cancer Subscale (CCS). The FACT-C contains five sub-
scales, namely, EWB (Emotional Well-Being), SWB (Social 
Well-Being), FWB (Functional Well-Being), PWB (Physi-
cal Well-Being), and CCS (Colorectal Cancer Subscale), 
and assesses quality-of-life concerns pertinent to colorectal 
cancer patients.72
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Overall, as quality of life becomes an increasingly evalu-
ated outcome metric of quality of care, it is important that 
providers understand the instruments and their content.

Limitations to Outcome Measures

Ultimately, the goal of quality-of-care research, measurement, 
and improvement efforts is to improve patient outcomes. To 
this end, health-care researchers and providers often look 
directly to outcome measures which inform us only of the 
end result of care. The limitation of this is that when there 
are poor outcomes, outcome measures alone do not identify 
a specific structure or process that can be changed to alter the 
result of care. A thorough assessment of outcome measures 
must be performed in the context of structure and process to 
be completely understood. A second limitation of outcome 
measures, some argue, is that the overemphasis on adverse 
outcomes may encourage providers to “cherry pick” their 
patients. Proponents of risk-adjusted outcomes maintain that 
appropriately applied risk models can overcome the bias of 
patient selection. However, appropriate risk adjustment can 
be complex, costly, and prohibitively expensive for smaller 
organizations without the resources to obtain the necessary 
expertise or services.

Summarizing Structure, Process,  
and Outcome

Beauty lies in the eyes of the beholder. What is considered 
important or valid in quality depends on one’s viewpoint. 
What health-policy planners or hospital administrators 

care about may be vastly different from what the surgeon 
or patient focuses on. Each component of the Donabedian 
model – structure, process, and outcome – describes and 
evaluates distinct aspects of quality within the overall 
health-care system. Quality measures have been developed, 
applied, and validated by different stakeholders in all three 
components for different purposes, each with its proponents 
and critics. Some would argue that the ultimate endpoint is 
patient outcomes. But others would counter that if doing the 
“wrong thing for the wrong patient at the wrong time in the 
wrong way” results in a good outcome, then that should not 
be considered good quality care. There is, unfortunately, no 
single perfect quality metric that serves as an adequate proxy 
for overall quality. Therefore, we will continue to utilize 
these imperfect measures of quality, with a full understand-
ing of their strengths and limitations, even as we continue 
to develop and validate new ways of understanding and mea-
suring quality of care.

Quality of the Data

Evaluating, measuring, and improving quality of care is 
important. Yet, one of the main difficulties with measur-
ing and improving quality in all of health care, including 
colorectal surgery is the quality and availability of data. 
It remains important that all providers understand some 
of the intricacies of data – including the source of data, 
who collects the data, and what data are collected in the 
context of analysis. As all providers rely on data to define 
quality and to guide them in delivering better care, it is 
paramount that the data are of high quality. In point of fact, 
the  well-known phrase, Garbage In, Garbage Out, reminds 
us that we absolutely need high-quality data to make valid 

Table 56-4. Patient-reported outcomes survey instruments

Area Survey instrument Description Specific for cancer patients?

Clinical symptoms Fatigue Symptom Inventory  63,64 Measurement of fatigue intensity, duration, and 
interference with daily functioning

Yes

Clinical symptoms Brief Pain Inventory  65,66 Assessment of pain severity, location, and impact 
on function

Yes

Clinical symptoms Neurotoxicity Scale (NTX-12)  67 Evaluate sensory and motor symptoms, auditory 
problems

Yes

Physical function Instrumental Activities of Daily Living 
(IADL)  68

Assessment of independent living skills (e.g., 
using the telephone, shopping, paying bills)

No

Quality of life Impact of Cancer  69,70 Measurement of positive and negative impacts 
of cancer

Yes

Quality of life Life Orientation Test  71 Measurement of optimism and pessimism No
Quality of life Functional Assessment of Cancer 

 Therapy-Colorectal (FACT-C)  72

Assessment of physical, mental, social well-being Colorectal cancer specific

Quality of life
Clinical symptoms
Physical function

SF-36/SF-12  73–77 Summary physical health and summary mental 
health scores

No

Quality of life
Physical function

European Organization for Research 
and Treatment of Cancer (EORTC) 
CR-38  78,79

Evaluate quality of life and function of colorectal 
cancer patients Y

Colorectal cancer specific
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conclusions and achieve high-quality care. Ideally, to 
evaluate the quality of colorectal surgery care, a database 
would  capture comprehensive detailed information about 
the patient, their disease, the procedure and treatments they 
received, the provider, all outcomes from wound infection 
to disease recurrence and reoperation, patient’s quality of 
life and function, mortality, and cost. However, creating 
such a database would be prohibitively expensive both in 
terms of manpower and cost. Instead, colorectal surgeons 
must depend on a large number of existing databases which 
 capture different aspects of structure, process, and out-
come, and assimilate the results from each to gauge what 
is quality care.

Currently available sources of data may be divided into 
two main types: administrative databases and clinical data-
bases. Administrative databases such as the Medicare claims 
database, the National Hospital Discharge Database, and 
statewide hospital discharge databases (e.g., the California 
inpatient file, managed by the Office of Statewide Health 
Planning and Development, and the Statewide Planning and 
Research Cooperative System (SPARCS), managed by the 
New York Department of Health) record admissions, diag-
noses, and procedures from administrative/billing claims. 
Clinical databases such as the Society of Thoracic Surgeons 
Registry, Surveillance Epidemiology End Result (SEER) of 
the National Cancer Institute, and National Surgical Qual-
ity Improvement Program (NSQIP) of the American Col-
lege of Surgeons use chart abstractors and hospital registrars 
to record patient-level clinical data such as comorbidities 
and search for evidence of wound infections, urinary tract 
infections, cancer recurrence, and other clinical outcomes. 
There are also research-focused databases relevant to col-
orectal surgery such as the Cancer Care Outcomes Research 
and Surveillance Consortium (CanCORS) which combines 
medical record abstraction, patient surveys, and provider 
surveys in an attempt to provide a more complete assess-
ment of the experience and outcomes of the colorectal sur-
gery patient.

Advantages of administrative databases include access 
to large amounts of demographic and procedural data on 
large population-based samples which is easily compiled. 
However, administrative databases are limited by the lack of 
clinically meaningful data. Clinical databases provide clini-
cal findings such as wound infections and patient outcomes. 
However, intensive resource expenditures are usually neces-
sary to collect this data by chart abstraction and individual 
patient assessment.

An important issue to recognize in terms of data qual-
ity is identifying who is collecting the data. A number of 
databases or clinical registries have relied upon surgeons 
or other providers to collect the data. Other databases, 
such as cancer registries, rely upon a third party such as 
a trained and audited cancer registrar to collect the data. 
A number of studies have demonstrated that “third party” 

data collectors tend to have higher clinical accuracy. As 
increasingly more “clinical” data are being used to evalu-
ate and improve quality, knowing the source of data, who 
collected the data, and what variables will be collected will 
be important.

Appropriateness and Appropriateness 
Criteria

Background

An appropriate procedure has been defined as one in which 
“the expected health benefit (e.g., increased life expectancy, 
relief of pain, reduction in anxiety, improved functional 
capacity) exceeds the expected negative consequences (e.g., 
mortality, morbidity, anxiety, pain, time lost from work) by 
a sufficiently wide margin that the procedure is worth doing, 
exclusive of cost.”80 Appropriateness criteria are a method of 
explicitly delineating and weighing these benefits and harms, 
based on evidence in the literature and the clinical judgment 
of a multidisciplinary panel of physicians. Once developed, 
the criteria can be retrospectively or prospectively applied 
to systematically assess the appropriateness or overuse and 
underuse of a procedure. They can also be used as clinical 
decision aides to guide shared decision making between 
the surgeon and patient. Numerous studies have shown that 
patients have better outcomes when they are treated accord-
ing to appropriateness criteria.

Currently, a systematic review of the literature has iden-
tified a gap in the availability of appropriateness criteria 
in surgery, with criteria being formally developed for only 
18 procedures including coronary artery bypass grafting, 
colonoscopy, cataract surgery, and carotid endarterectomy 
(unpublished data). Targets for appropriateness criteria 
development are typically procedures that are commonly 
performed, have elevated risk of morbidity and mortality, 
and/or utilize significant resources. Procedures with docu-
mented variation in use among different geographic areas 
have also been prioritized in the past. The amount and qual-
ity of scientific literature describing the procedure are also 
important considerations.

Development of Appropriateness Criteria

The gold standard for decision making in health care is the 
randomized controlled trial. Unfortunately, for most proce-
dures, these trials have not been attempted, and if performed, 
they cannot be generalized to a wider patient population. 
Appropriateness criteria compensate for these gaps in the 
literature by combining available scientific evidence with 
expert clinical judgment. The RAND/UCLA Appropriate-
ness Method (RAM) is a commonly used technique for the 
development of appropriateness criteria.81
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Use of Appropriateness Criteria

Numerous studies have documented significant variations 
in health-care delivery across different patient populations. 
The Dartmouth Atlas, for example, reports geographic 
 differences in rates of procedures performed that cannot 
be explained by differences in the patient population alone. 
It has been hypothesized that this variation may be due to 
the inappropriate overuse and underuse of procedures in dif-
ferent regions of the country. Appropriateness criteria have 
been applied retrospectively to systematically investigate this 
hypothesis. Although few studies have been performed in 
colorectal surgery, it is important to discuss and understand 
some of the seminal work that has been performed in other 
areas to inform this topic. Many future studies will likely be 
performed in colorectal surgery.

One of the earliest studies to use appropriateness crite-
ria to study variations in procedure use was published in 
1987 by Chassin et al.82 who analyzed the use of coronary 
angiography, carotid endarterectomy, and upper gastrointes-
tinal endoscopy in hospitals that were preidentified as being 
high, average, or low users of these procedures. By apply-
ing appropriateness criteria, the researchers found signifi-
cant rates of inappropriate use for each procedure: 17% of 
cases for angiography, 32% for carotid endarterectomy, and 
17% for endoscopy. Statistically significant differences in 
the rates of appropriate procedure performance were found 
for coronary angiography and endoscopy between high- and 
low-use hospitals, but the differences were small. Of note, 
the authors suggested that the variation between high- and 
low-use hospitals may be the result of both underuse and 
overuse.82

Studies have also been performed to determine if the 
use of appropriateness criteria affects clinical outcomes. 
Hemingway et al.83 followed a cohort of consecutive patients 
undergoing coronary angiography at three London hospitals. 
Appropriateness criteria for percutaneous transluminal coro-
nary angioplasty (PTCA) and coronary artery bypass graft-
ing (CABG) were applied to these patients, and their treating 
physicians were blinded to the results. These patients were 
then followed for a median of 30 months, and their clinical 
outcomes were recorded. The researchers found that 34% of 
patients for whom PTCA was rated appropriate were treated 
medically instead. These patients were significantly more 
likely to experience angina compared to the patients treated 
with PTCA. Twenty-six percent of the patients for whom 
CABG was considered appropriate were treated medically. 
These patients were significantly more likely to die or have 
a nonfatal myocardial infarction compared to patients who 
underwent CABG. The researchers concluded that underuse 
was associated with adverse clinical outcomes.83 Finally, a 
graded relationship between appropriateness rating and out-
come was observed, meaning that patients who underwent a 
procedure and had received a high appropriateness score had 

better outcomes than those who underwent the procedure 
and had a lower score.

Apart from research and setting standards, appropriateness 
criteria are also developed for use as clinical decision aids. 
The American College of Cardiology Foundation, along with 
several partner societies, has published appropriateness cri-
teria for coronary revascularization. These criteria are meant 
to provide guidance for patients and clinicians in discussions 
regarding revascularization and are also used for reviewing 
utilization patterns. They are explicitly not meant to replace 
clinical judgment and practice experience.

The American College of Radiology (ACR) has developed 
appropriateness criteria for a broad range of therapeutic and 
diagnostic topics to reduce inappropriate utilization of radio-
logic services. Radport is a decision support system that uses 
the ACR appropriateness criteria to guide the ordering of 
diagnostic imaging. A “utility score” is determined based on 
clinical information provided by the clinician and is meant to 
reduce the use of low-utility examinations.

Limitations of Appropriateness Criteria

A frequent criticism of appropriateness criteria is the reli-
ance on expert opinion, which is inherently subjective. There 
will always be a role for clinical judgment in the consider-
ation of appropriateness because it is not feasible to perform 
randomized controlled trials for every indication for every 
procedure. However, studies have shown that the results of 
appropriateness panels using the RAM are reproducible with 
new, independent panels. Furthermore, there is less vari-
ability in the development of appropriateness criteria than 
among the individual judgments of physicians.84

The utility and validity of appropriateness criteria are 
 dependent upon the quality of the criteria, which in turn 
is dependent on both the available evidence base for the pro-
cedure as well as the judgment of the panel. The reliability of 
the RAM panel process will thus likely be lower when the 
scientific evidence base is minimal or weak. The panel itself 
is typically created by requesting nominations for panelists 
from various stakeholder societies. This ensures that panel-
ists are well respected within their field for their clinical 
judgment and knowledge base and also provides face valid-
ity for the appropriateness criteria created through profes-
sional society endorsement.

Finally, concern is often raised regarding the clinical 
validity of appropriateness criteria. Despite efforts to cre-
ate an exhaustive list of clinical indications for a procedure, 
there may still be patients for whom the criteria do not apply. 
Appropriateness criteria should thus be thought of as an aid 
in clinical decision making and should not replace a clini-
cian’s judgment. For utilization purposes, it may be helpful 
to continually review why patients rated inappropriate by 
the criteria are operated on (or vice versa) to ensure that the 
criteria are clinically valid.
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Appropriateness Criteria and Guidelines  
in Colorectal Surgery

Appropriateness criteria have not been developed specifi-
cally for colorectal surgical procedures, although they do 
exist for colonoscopy. The American College of Radiology 
(ACR) has also developed appropriateness criteria to guide 
imaging decisions for screening and pretreatment staging of 
colorectal cancer as well as criteria to guide the treatment of 
rectal cancer (resectable, metastatic, or recurrent), anal can-
cer, and mesenteric ischemia. The ACR criteria are available 
online on their Web site.3

To date, what are generally available to colorectal sur-
geons are practice guidelines or practice parameters. The 
National Guideline Clearinghouse is an initiative of the 
Agency for Healthcare Research and Quality (AHRQ) and 
is a publicly available database of evidence-based clinical 
practice guidelines. The database includes practice parame-
ters developed by the American Society of Colon and Rectal 
Surgeons (ASCRS) for topics including colon cancer, rectal 
cancer, anal squamous neoplasms, ulcerative colitis, Crohn’s 
disease, sigmoid diverticulitis, constipation, fecal inconti-
nence, anal fissures, hemorrhoids, perianal abscess, and fis-
tula-in-ano. Though not formal appropriateness criteria, the 
ASCRS has developed guidelines for laparoscopic resection 
of colon and rectal cancer, a consensus document on bowel 
preparation before colonoscopy (in association with mul-
tiple other profession societies), and practice parameters for 
the prevention of venous thromboembolism. These guide-
lines contain elements of appropriateness but are not explicit 
enough to qualify as appropriateness criteria. This gap in the 
availability of appropriateness criteria, especially for surgi-
cal procedures, represents an opportunity for future research 
and development.

Comparative Effectiveness  
and Cost-Effectiveness

Background

If good quality care can be understood as “doing the right 
thing for the right patient at the right time the right way,” 
part of evaluating and improving quality should include 
systematic and valid ways to define what is “right.” Quality 
indicators and appropriateness criteria are two methods that 
have been presented in this chapter. Another method is com-
parative effectiveness. The focus of comparative effective-
ness research (CER) is the practical comparison of different 
treatments or procedures to determine what works best for 
whom. Distinct from the traditional clinical trials that seek to 

determine efficacy (whether a treatment works or not), CER 
is geared toward delineating effectiveness – the relative ben-
efits of treatment options in routine clinical practice.

The IOM has described six defining characteristics of CER: 
(1) it directly informs clinical decisions from the patient per-
spective or policy decisions from the population perspective; 
(2) it compares at least two treatment options, both of which 
could be considered “best practice”; (3) it describes results at 
the population and subgroup levels to inform more individu-
alized decisions; (4) the outcomes measured are important to 
patients; (5) a variety of methods and data may be used, from 
observational studies and RCTs to meta-analyses or system-
atic literature reviews; and (6) the setting of CER should be 
similar to routine practice environments.85

CER has gained considerable interest at the national 
policy level as a means for maintaining quality while simul-
taneously addressing the “runaway” cost of health care, as 
spending is projected to reach 20% of the gross domestic 
product by 2016.86 At the federal level, the American Recov-
ery and Reinvestment Act of 2009 appropriated $1.1 billion 
dollars to CER.87 In light of the emphasis placed on CER by 
the US government, CER is likely to affect clinical practice 
to a greater degree than in the past, regardless of misgiv-
ings raised by critics of this approach. Although cost-cutting 
is not the main focus of CER, a consequent benefit accord-
ing to its proponents is cost reduction by the elimination of 
less effective, ineffective, or even harmful services. Extreme 
opponents have viewed CER as a means to limit treatment 
options and effect health-care rationing.88 The reality is 
that the current expansion of health-care cost is not sustain-
able and we routinely lack sufficient information to make 
informed decisions about the risks and benefits of treatment 
options.89 To this end, CER will help clinicians and patients 
make individualized and informed decisions based on sound 
clinical evidence.

Cost-Effectiveness

Cost-effectiveness is a specific subset of comparative 
effectiveness research that provides explicit comparisons 
of “the relative value of different interventions in creating 
better health and/or longer life.”89 What distinguishes cost-
effectiveness from other types of comparative effective-
ness studies is the explicit comparison of cost or values. 
For example, a study may compare laparoscopic to open 
colectomy for colon cancer. The comparison of postopera-
tive complications, recurrence, and survival across the two 
modalities would constitute a comparative effectiveness 
study. The comparison of the associated cost or resource 
utilization, such as operating time, length of hospital stay, 
hospital charges, or time to return to work would consti-
tute a cost-effectiveness study. There is often a considerable 
overlap between the two study types.

A reluctance to place a monetary value on health outcomes 
has lead to the widespread use of the cost-effectiveness ratio, 

3 The ACR appropriateness criteria can be found at http://www.acr.org/ 
SecondaryMainMenuCategories/quality_safety/app_criteria.aspx.

http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria.aspx
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which often takes the form of “incremental cost per quality-
adjusted life year (QALY) gained.” QALY is a measure of 
disease burden that takes into account both the quantity and 
quality of life lived. QALY values range from zero to one, 
with zero being death and one being 1 year of life lived in 
perfect health. But what “incremental cost” is one QALY 
worth and how much is considered cost-effective? While 
these values are somewhat arbitrary, researchers have often 
accepted a range of $50,000 to $100,000 per QALY gained 
as cost-effective. The value of $50,000 in US studies stems 
from the “dialysis standard,” the approximate cost of taking 
care of a dialysis patient for one year. Using these defini-
tions and standards, an intervention or treatment that costs 
less than $50,000 per QALY gained may be deemed cost-
effective.

In theory, cost-effectiveness methodology provides the 
advantage of combining the best scientific evidence, avail-
able clinical outcomes, and cost data. Cost-effectiveness 
studies, however, are limited by their reliance on the use 
of appropriate assumptions in creating a model of care and 
accurate value and cost estimates. Predictably, the cost of 
providing surgical care is difficult to quantify, whether it 
be the direct or the indirect component. Direct cost involve 
near-term spending related to delivery of care, including that 
incurred secondary to complications of receiving that care. 
Indirect cost generally refer to economic and societal cost 
due to loss of productivity from health-care receipt, often 
estimated by measuring time to return to work following a 
surgical procedure. Studies assessing direct cost of care often 
use administrative billing or claims data as a proxy for cost. 
Such data is easy to obtain and can include large numbers 
of patients for population-based studies. However, hospital 
charges and claims data are “operator-dependent” and influ-
enced by the person who bills or codes, thus not necessarily 
representing accurate or actual resources used in providing 
care. Studies that explicitly measure the cost of care by tak-
ing into account equipment, supplies, and labor, on the other 
hand, are usually limited to single institutions where medical 
charts and thorough accounting data are available for review. 
Despite these limitations, cost-effectiveness studies are a 
major component of CER and will play a role in determining 
appropriate cost-saving measures.

Comparative Effectiveness and Cost-Effectiveness 
in Colorectal Surgery

The impact of comparative effectiveness and cost-effective-
ness studies on colorectal surgical practice has already been 
felt and will only increase over time, with the greatest effect 
anticipated on procedure choice and disease management. 
For example, debates on laparoscopic vs. open colectomy 
and “fast-track pathways” compared to traditional postop-
erative care in colorectal procedures have been informed by 
comparative effectiveness analyses and cost-effectiveness 
studies.

Laparoscopic surgery has been touted as equivalent in 
effectiveness and potentially superior to open colorectal sur-
gery in both benign and malignant disease for its associated 
shorter postoperative recovery time, decreased pain associ-
ated with smaller incisions, and decreased length of hos-
pitalization. Overall, the available literature suggests that 
short-term and long-term outcomes may be similar between 
the procedures but the heterogeneity of studies and the pau-
city of  randomized controlled trials make comparing the 
two difficult, particularly when additionally attempting to 
assess cost.90–92

In a systematic review commissioned by the National Insti-
tute of Clinical Effectiveness (NICE) in the UK, laparoscopic 
surgery for nonmetastastic colorectal cancer was associated 
with a shorter recovery period and shorter length of hospi-
tal stay and no significant difference in 3-year disease-free 
survival or mortality compared with open resection. How-
ever, the authors noted longer operative times among lap-
aroscopic cases as well as a fair number of laparoscopic to 
open conversions.90 A Cochrane Database systematic review 
of 12 eligible randomized controlled trials involving non-
metastatic colorectal cancer patients found no differences 
in cancer-related mortality, port-site or wound recurrences, 
or recurrence rate at the site of the primary tumor, suggest-
ing that laparoscopic and open resection of colon carcinoma 
are equivalent with regard to these long-term outcomes. The 
authors recommend further studies to adequately evaluate 
incisional hernia rates, postoperative adhesion rates, and 
upper rectal surgery long-term outcomes.91

Studies on the economic impact of laparoscopic vs. open 
colectomy have generally been few in number and plagued 
by the complexity of accurately determining cost. A system-
atic review by Dowson et al.92 found that only two of 29 eli-
gible randomized controlled trials between 1991 and 2005 
had accounted for the indirect cost involved with both types 
of procedures. Thus, across all studies, operating room costs 
was higher, but there was no significant difference in total 
hospital cost. Length of hospital stay was uniformly shorter 
for laparoscopic surgery cases (median difference 2.8 days; 
p < 0.001). The authors speculated that the “societal bene-
fits” derived from the decreased indirect cost could poten-
tially outweigh the greater up-front procedural cost, making 
laparoscopic surgery a viable alternative, particularly given 
the equivalence of short-term and long-term outcomes.92

On the basis of their systematic review, researchers from 
the NICE-commissioned study proceeded to a formal cost-
effectiveness analysis of laparoscopic vs. open colon resec-
tion. Though the cost of laparoscopic surgery was £250–300 
(approximately $390–470 USD) more than open colon 
resection, the analysis resulted in a 40% likelihood that lap-
aroscopic surgery was more cost-effective than open surgery 
at the threshold of £30,000 ($46,800) per QALY gained in 
light of decreased length of hospitalization, faster recovery, 
and reduced pain. Given the “modest additional cost” of 
 laparoscopy, the findings lead the authors to conclude that 
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“a judgment [sic] is required as to whether the benefits asso-
ciated with earlier recovery are worth this extra cost.”90

A dearth of cost-effectiveness studies is noted in the eval-
uation of “fast-track” or “enhanced recovery” postoperative 
management following colorectal surgery. Several com-
parative effectiveness studies have been performed in which 
 outcomes such as length of hospital stay, morbidity, mortal-
ity, and readmission rates were examined. Recent systematic 
reviews have suggested that enhanced recovery programs 
are safe and effective following colorectal surgery when 
compared with conventional postoperative care. Wind et al. 
found a significantly shorter index hospital stay, significantly 
less morbidity but no significant difference in readmission 
rates or mortality for fast-track patients compared with con-
ventional postoperative care.93 Similarly, a review by Walter 
et al.94 showed decreased length of stay, decreased 30-day 
morbidity, and no increase in 30-day mortality between the 
two management modalities following colorectal resection. 
Thirty-day readmission rates were higher among fast-track 
patients compared with conventional management patients 
in the clinical controlled trials, although not in the random-
ized controlled trials. This last finding highlights an impor-
tant caveat with regard to comparative effectiveness research 
and reviews of the evidence for fast-track care: some caution 
is warranted in adopting enhanced recovery measures out-
side of the study context given the limited number of studies 
available at this time (six studies with a total of 512 patients 
were eligible and analyzed in the former systematic review, 
and four studies with a total of 376 patients were eligible for 
analysis in the latter).

The opportunity for further research in the realm of com-
parative effectiveness and cost-effectiveness of colorectal 
surgical disease management is immense. All practitioners 
need awareness and some fluency with this type of evidence-
based research. Inevitably, clinicians will encounter difficulty 
in decision making when confronted with the individual 
patient where population-based evidence provides a certain 
recommendation, but this intervention proves ineffective for 
the given person compared to the more costly alternative. 
From this perspective, the results of comparative effective-
ness studies may prove a challenge to the practitioner, espe-
cially when such population-based data become matters of 
organizational or national policy. However, if we can take 
the best available evidence and make decisions rationally 
using an algorithm that at least begins with the most cost-
effective option before moving to others, ultimately, we as 
a nation may see reduced cost and improvement in health 
outcomes.88

Attribution of Quality

There are a number of issues that have yet to be resolved, 
but remain important to recognize. One is attribution. It is 
a given that the evaluation of quality of surgical care may 

be measured at different levels. As an example, the rate of 
anastomotic leak or the rate of giving prophylactic antibiot-
ics may be measured at the surgeon level, the facility level, 
the system level, or some other level altogether. There are a 
number of issues related to this topic that deserve discussion, 
but one of the more important aspects is the idea of account-
ability or attribution. In other words, who should be respon-
sible for the performance/quality metric and who should be 
rewarded? Should it be an individual, a facility, or some sort 
of “team or service”? This is not such an easy determina-
tion because it is likely different for different metrics, and as 
the unit of measurement becomes smaller and smaller, the 
appropriateness of the measure becomes increasingly debat-
able. For example, there has been much discussion regarding 
the appropriateness of the number of nodes retrieved in a 
node negative colectomy. Whether one believes in the sci-
entific merits of the measure or not, it provides an example 
of attribution, since attaining a sufficient number of lymph 
nodes in a colectomy specimen relies on both the surgeon 
and pathologist. Thus, if we were to have a metric that mea-
sures an individual, who should be rewarded for attaining a 
sufficient number of nodes – surgeon or pathologist? There 
are many metrics that are similar in nature, where it remains 
difficult to attribute a quality process or outcome to an indi-
vidual provider.

Most of the common surgical metrics at the time of this 
writing are at the hospital level (e.g., surgical care improve-
ment program); however, many “regulatory” groups are 
investigating how we might develop individual surgeon-
based metrics.

Summary

It is difficult to say exactly what all of this quality-related 
information means for the practicing colorectal surgeon. It is 
fair to say, however, that quality evaluation is probably here 
to stay and that in an iterative fashion, quality measurement 
will likely continue to increase. Already, structural mea-
sures are being used for various surgical procedures, process 
measures are being measured at the hospital level with the 
Surgical Care Improvement Program (SCIP) and also at the 
individual surgeon level with the Patient Quality Reporting 
Initiative (PQRI). Outcomes are being measured in various 
programs (e.g., Hospital-Acquired Conditions). The Ameri-
can Board of Colon and Rectal Surgery has the Maintenance 
of Certification program, where the aim is to effect con-
tinuous professional development with ongoing education, 
assessment, and improvement. As the field of performance 
evaluation and quality improvement progresses, it will 
remain important for providers to be involved in the ongo-
ing discussions and decisions. By being active stakeholders, 
providers can influence the development of quality improve-
ment so that it continues to be fair, useful, applicable, and 
meaningful to surgeons and their patients.
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advancement flaps, 211–212
anal dilatation, 210
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fistulectomy, layered closure, 249
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repair mechanism, 836–838
vestibular fistula, 832

initial management
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Anoscopy
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anal inspection, 63
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Anterior sacral meningoceles, 362
Antibiotic prophylaxis, 444
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internal, 2
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pelvic floor musculature, 9
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spaces, 9, 10

conjoined longitudinal muscle, 3–4
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APR. See Abdominoperineal resection
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treatment, 102
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procedure, 316
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description, 267–268
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goal, 268
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BCC. See Basal cell carcinomas
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microscopic colitis, 583–584
radiation colitis, 581–583
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Chlamydia trachomatis, 568
Escherichia coli, 565–566
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Mycobacterium bovis, 567
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Neisseria gonorrhea, 567–568
Salmonella choleraesuis, 566
Salmonella typhi, 566
Shigella, 565–566
Treponema pallidum, 568–569
Yersinia, 566–567
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corrosive colitis, 588
disinfectant colitis, 588
diversion colitis, 587–588
fungal enteritis/colitis

Candida species, 575
C. neoformans, 575
histoplasmosis, 575

neutropenic enterocolitis, 588
NSAIDs and salicylate-induced colitis, 

588–589
parasitic enteritis/colitis

Ascaris lumbricoides, 572–573
Balantidium coli, 571
Cryptosporidium, 571
Entamoeba histolytica, 570–571
Enterobius, 574
Giardia lamblia, 571–572
Schistosomiasis, 573
Strongyloides stercoralis, 573
Taenia solium, 574
Trichuris trichiura, 573–574
Trypanasoma cruzi, 572

TEN/Stevens–Johnson syndrome, 589
vasculitis and connective tissue disorders
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systemic lupus erythematosis, 586
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Cytomegalovirus, 570
herpes simplex virus proctitis, 570

Best Evidence Medical Education  
(BEME), 903

Biofeedback procedure, 313

Biomarker targeted therapy, 790
Bipolar diathermy, 186–187
Bone metastases, 797
Botulinum toxin (BT)

anal fissure treatment
dosing and injection site, 208–209
vs. lidocaine, 208
vs. LIS, 209
mechanism, 208
trials, 208–209

vs. GTN, 212
Brain metastases, 797
Brooke ileostomy

operative technique, 481–482
postoperative complications, 482

Brucellosis, 569
BT. See Botulinum toxin

C
Calcium, 674
Calymmatobacterium granulomatis, 299
Campylobacter jejuni, 566
Carcinoembryonic antigen (CEA),  

744, 804
Carcinoid tumour

biochemical test, 815
classification, 813
clinical presentation, 814–815
imaging test, 815
incidence, 813
pathology, 813–814
treatment

appendix, 815
GIST, 818–819
leukmia and neutropenic enterocolitis, 

819–820
lymphoma, 820
melanoma, 817–818
metastatic disease, 816
neuroendocrine carcinoma,  

816–817
Carney’s triad, 818
CCF-FIS. See Cleveland Clinic Florida Fecal 

Incontinence Score
CD. See Crohn’s disease
CDAI. See Crohn’s disease activity index
Cecal volvulus

abdominal radiographs, 402
bird’s beak deformity, 402
closed loop obstruction, 402
CT scan, 402, 403
epidemiology, pathogenesis

cecal bascule, 401, 402
upward displacement, cecum, 402
variants, axial rotation, 401

treatment and outcome
cecopexy/cecostomy, 403
gangrene mandates resection, 403

Center for Medicare and Medicaid Services 
(CMS), 843

Chest radiograph (CXR), 805
Chlamydia. See Lymphogranuloma  

venereum
Chlamydia trachomatis, 568
Cholecystectomy, 678
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Chronic and recurrent diverticulitis, surgical 
procedures

elective resection and anastomosis, 387
laparoscopic surgery

hand assisted vs. straight colectomy, 
387

vs. open resections, 387
peritoneal lavage, 388

single stage resection, primary 
anastomosis, 387

CI. See Colonic inertia
Circumferential resection margins (CRM), 

610, 611
Cleveland Clinic Florida Fecal Incontinence 

Score (CCF-FIS)
evaluation, incontinence, 310
Secca® procedure, 314

Clinical risk score (CRS), 792
Cloaca, female defect

description, 832–833
repair mechanism, 837–838

Closed hemorrhoidectomy. See Ferguson 
hemorrhoidectomy

Clostridium difficile, 576–578
Cognitive learning, curriculum

ACGME competencies, 894
definition, 893
M&M conference, 894
standardization, 893

Colectomy
extended right, 713–714
left, 714, 715
right, 712–713
total abdominal (see Ileorectal 

anastomosis)
Colitis cystica profunda (CCP), 560
Coloanal anastomosis, 754, 755
Colon

anatomy
appendix, 13
ascending, 13–14
blood supply, 14–15
cecum, 13
collateral circulation, 15
descending, 14
diameter, 13
haustra sacculations, 13
innervation, 15–16
length, 13
lymphatic drainage, 15
sigmoid, 14
transverse, 14

embrology, 17–19
Colon cancer

abdominal aortic aneurysm, 716
acute obstruction, 715–716
adjuvant chemotherapy, stage II and III

5-fluorouracil/leucovorin efficacy, 773
irinotecan and oxaliplatin, 774
nodal status, 773

clinical prognostic factors
adjacent organ involvement, 705
age, 704
blood transfusion, 705
symptoms, 705

development, 711

endoscopic evaluation, 807
FIT, 703–704
histologic/biochemical/genetic factors

carcinoembryonic antigen, 706
distant metastatic disease, 708
DNA ploidy, 706
histologic grade, 705
intramural spread, 707
lymph node involvement, 706
margins and radial margins, 707
mucin production and MSI, 705
perineural invasion, 706
sentinel node, 706
signet-cell histology, 705
synchronous lesions, 707–708
transmural spread, 707
transperitoneal/implantation, 707
tumor budding, 705
venous invasion, 706

laparoscopic colon resection, 715
liver metastases, management, 716–717
mesenteric resection, 717
operative outcome, 717
potential chemotherapy, 708–709
preoperative preparation, 711–712
prophylactic oophorectomy, 716
radiotherapy, 775
rectal bleeding, 703
sentinel node assessment, 717
staging and prognostic factors, 704
surgical technique

extended right colectomy, 713–714
left colectomy, 714, 715
right colectomy, 712–713
total abdominal colectomy (see 

Ileorectal anastomosis)
targeted biologic therapy, 774

Colonic disease, 509–511
Colonic function

salvage, metabolism, and storage
digestion and absorption, 25
fermentation and ingestion, 25
pre-and probiotics, 25, 26
proximal and distal colon, 26
short chain fatty acids, 25
SMCT1/MCT1, 25

water and electrolytes transport
ammonia, 27
chloride, 27
intestinal secretion and absorption, 26
Na+/H+ exchange channel, 27
sodium recovery, 26
surface epithelial cells, 27

Colonic inertia (CI)
antegrade colonic enema, 542–543
colectomy, 540–541
proctocolectomy and ileal pouch anal 

anastomosis, 542
sacral nerve stimulation, 542
segmental colon resection, 542
stoma, 542

Colonic motility
cellular basis

ICC
MY

 and ICC
SM

, 30–31
motor activity, 30

health characteristics

phases, 31
stress, 31
transverse and descending colon, 31

methodology
gastrointestinal disorders, 27
radiopaque markers, 27–28
scintigraphy, 28
wire motility capsule, 28

peristalsis
contraction and relaxation, circular 

muscles, 29
enteric and extrinsic nervous system, 

29
long spike bursts, 30
proximal and distal colon, 30

record techniques
barometry, 29
electrodes, 29
manometry, 28–29

Colonic physiology
constipation

causes and roles, 32
fiber, 32–33
idiopathic slow transit, 33
propulsive activity, 33

defecation, 31–32
embryology, 23
function

salvage, metabolism, and storage, 
25–26

water and electrolytes transport, 26–27
human colon, 23
IBS (see Irritable bowel syndrome)
innervation

abdominopelvic viscera, 24
adrenoreceptor, 24
enteric nervous system, 24
extrinsic and intrinsic nerves, 23
“little brain”, 24

motility
cellular basis, 30–31
health characteristics, 31
methodology, 27–28

obstructive defecation
anatomic and pelvic abnormalities, 33
sigmoidocele, 33, 34

Ogilvie’s syndrome, 34–35
sensation

pelvic splanchnic nerves, 32
somatic and visceral pain, 32

surgeon implications, 35
water and electrolytes transport, 26–27

Colonic volvulus
cecal volvulus

diagnosis, 402–403
epidemiology, pathogenesis, 401–402
treatment and outcome, 403–404

ileosigmoid knotting
diagnosis, 400–401
epidemiology, pathogenesis, 400
treatment and outcome, 401

intestinal obstruction, 395
mechanical obstruction, 395
recurrent subacute episodes, 395
sigmoid volvulus

diagnosis, 396–397
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epidemiology, pathogenesis, 396
treatment and outcome, 397–399

site-specific incidence, 395
transverse colon and splenic flexure 

volvulus
diagnosis, 404
treatment and outcome, 404

Colon injuries
abdominal septic complications incidence, 

435, 436
antibiotic prophylaxis, 444
diagnosis, 435–436
epidemiology, 435
injury scale, 436
operative management (see Colon 

operative management)
repair technique, 441
stoma related complications, 444–445
wound management, 444

Colon operative management
abdominal complication risk factors

fecal contamination, 440
injury-operation time and missiles, 

440
injury severity score (ISS), 440
intraabdominal sepsis, 439
left-vs. right-colon injuries, 439
military wounds, 439–440
pancreatic/ureteric injuries, 440
shock and blood transfusions, 440
temporary abdominal wall closure, 

440
anastomotic leaks

incidence, suture, 440–441
risk factors, 441

destructive injuries
abdominal complication risk factors, 

438
EAST guidelines, 438
high-and low-risk patients, 438–439
primary anastomosis, 437
risk factors, 427–438

mortality, 436
non-destructive injuries

colostomy, 437
primary repair vs. diversion, 436–437

Colonoscopy
abnormal findings

lesions, diagnosis, 73
melanosis coli, 73
sessile and submucosal lesions, 73

bleeding prophylaxis, 70
complications

diagnosis, 74
perforation, 74
therapeutic procedures, 74

contraindications, 69
DCBE, 627
detection and removal, premalignant 
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fecal incontinence evaluation, 312
IBD patient, 457
indications, 69
LGIB, 411
monitoring, 70

normal endoscopic anatomy
diverticula, 72
ileocecal valve, 72

preparation
antibiotic prophylaxis, 69
endoscopist and resuscitation 

equipment, 69
mechanical, 69
phosphate nephropathy, 69

rectal cancer, 744
technique

bowel, 70
cecal intubation, 71
examination, patient, 70
external manipulation, 72
extracorporeal magnetic device, 71
insertion, 70
instrument withdrawal, 72
sigmoid loop, 71
splenic, angulated and hepatic flexure, 

71
Colorectal-Anal Distress Inventory (CRADI), 

328
Colorectal cancer (CRC). See also Colon 

cancer; Hereditary colorectal 
cancer; Laparoscopic colorectal 
surgery; Rectal cancer

acromegaly, 680
adenomatous polyps/adenocarcinoma, 

695–696
aspirin and nonsteroidal anti-

inflammatory drugs, 675–676
average risk, 691–692
bone and brain metastases, 797
cholecystectomy, 678
colonoscopy, 694
comparative effectiveness and cost 

effectiveness, 921–922
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cost and reimbursement, 695
cost effectiveness, 808
criteria and guidelines, 920
CT colonography, 694–695
curative resection, 809
detection and treatment, 803
epidemiology, 669–671
etiology

alcohol, 675
calcium and vitamin D, 674
dietary constituents and supplements, 

671
dietary fat, 672
fiber, 673–674
folate, 674–675
fruit and vegetable intake, 672–673
red meat, 672

familial adenomatous polyposis, 697
fecal screening tests, 692–693
first-line therapy, 783
gene therapy and immunotherapy, 779
hereditary, 804
HRT, 676–677
inflammatory bowel disease, 678–679
influencing factors, 803
lifetime risk, 679
liver metastasis

diagnosis, 789–790
history, 789
treatment, 790–794

lung metastasis, 794–795
Lynch syndrome, 696–697
metastatic disease

biology, 783–785
diagnosis/staging, 785
patient evaluation, 785

molecular basis
HPP syndrome, 684
MMR genes, 683
MSI, 682
MSI-H tumors, 683–684
mutations, 681

molecular profiling and chemo-resistance, 
779

neo-adjuvant therapy
sphincter preservation, 778
unresectable rectal cancer, 778

obesity, 677
ovarian metastasis, 796–797
palliative management

incidence and presentation, 785
laser therapy and fulguration, 786
self-expanding metal stents, 786

pediatric (see Pediatric colorectal 
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peritoneal metastasis, 795–796
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quality of life, 808
radiation, 680
recurrence, risk and timing, 803–804
sigmoidoscopy, 693–694
smoking, 677–678
surgical education, 897–898
surgical management, 787–789
surveillance effectiveness and meta-

analyses, 808–809
surveillance measurement

abdomen/pelvis, 805–806
endoscopic (see Endoscopic 

surveillance)
follow-up intensity, 804
history and physical examination, 804
laboratory evaluation, 804–805
patient chest, 805

systemic chemotherapy, 783
tumor vaccines, 779
ureterosigmoidostomy, 680

COLOR II trial, 611
COLOR trial, 608
Colostomy, 834–835
Colostomy closure

complication rate, 437
morbidity, 445
timing, 445

Comparative effectiveness research (CER), 
920

Computed tomography (CT)
colon and rectal cancer

hepatic artery and portal venous 
phases, 89

surveillance programs, 89
tumoral extension, determination, 

88–89
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Computed tomography (CT) (Continued )
colonography

colon imaging and stool tagging, 97
limitations, 97
polyps detection, 97

colon tumors
GIST, 90
lipomas, 89

diagnostic evaluation, diverticulitis, 
379–380

distant metastases, 725
diverticulitis

dirty fat, 90
pericolonic abscesses and 

colovesicular fistula, 90
vs. ERUS and MRI, 114–115
evaluation and interpretation, 88
fistula tract identification, 246
IBD evaluation, 456
ileal-pouch anal anastomosis, 489
image, teratoma, 363, 364
inflammatory bowel disease, 91–94
intravenous contrast agents, 88
neutropenic enterocolitis, 588
pericolic abscess, diagnosis, 384, 387
polyps, 625
postoperative evaluation, 94–95
presacral lesion, evaluation, 363
scan

fistula-in-ano, investigation, 228
pelvic, 161
radiographic studies, 166–167
trapped ovary, pelvis, 165–166

sepsis evaluation, 246
T-staging and lymph node metastases, 120

Computed tomography enterography (CTE), 
95–97

Congressional Budget Office (CBO), 846
Constipation and functional bowel disorders

colonic inertia
antegrade colonic enema, 542–543
colectomy, 540–541
proctocolectomy and ileal pouch anal 

anastomosis, 542
sacral nerve stimulation, 542
segmental colon resection, 542

diagnostic testing
intestinal transit evaluation, 537–538
pelvic floor dysfunction evaluation, 

538–539
etiologies, 535–536
irritable bowel syndrome (IBS)

epidemiology, 543
gastrointestinal motility, 543–544
genetics, 544
medical therapy, 545
mucosal inflammation, 544
probiotics, 545
psychological abnormalities, 544
small intestinal overgrowth syndrome, 

544
symptoms, 544
visceral hypersensitivity, 544

medical treatment, 539
physical examination, 536–537
prevalence, 535

subtypes, 536
Continent ileostomy
operative technique, 482–483
postoperative complications, 483–484
pouchoscopy

complications, 68
contraindications, 67
indications, 67
positioning, 68
preparation, 68
technique, 68

Continuing medical education (CME)
certification maintenance, 904
core competencies, 901, 902
cultural barriers, 903–904
deliberate practice, 903, 904
history, 902
knowledge application and psychomotor 

skills, 902–903
laparoscopic cholecystectomy, 901
mastery learning, 903, 904
mini-fellowships, 904
performance measures, 905
physician, definition, 901
practice performance, 902
simulation research, 903
technical skills assessment, 904

Contrast enemas
double, application

colonic lipomas, endometriosis and 
lymphoma, 84

Crohn’s and diverticular disease, 
82–84

mucosal disease, 82
rectal and colon cancer screening, 82

limitations, 82
single vs. double, 82
small bowel series and enteroclysis, 

86–88
water soluble

column cutoff sign, 86
use, 85–86

Coronary artery bypass grafting (CABG), 
919

Cowden’s syndrome, 654–655
CRADI. See Colorectal-Anal Distress 

Inventory
CRC. See Colorectal cancer
Crohn’s disease (CD)

anal fistulas
fibrin glue and AFPT, use, 237
healing, 237
incontinence, 237
medications, treatment, 236
perianal manifestations, 236
seton and rectal advancement flaps, 

use, 237
tract, delineation, 236

classification, 500
diagnosis, 501–502
disease locations

colonic disease, 509–511
ileal disease, 508–509
ileocolonic disease, 511
perianal disease, 511–513
upper gastrointestinal disease, 511

etiopathology, 499–500
extra-intestinal manifestations, 504
fundamental observations, 505–506
GI symptoms

abdominal pain and diarrhea, 452
clinical severity, 452
Vienna classification, 452

growth retardation, 504
hemorrhage, 502–503
immunomodulators, 502
maintenance therapy, 470
medical management, described, 463
medical therapy failure, 505
mild-to-moderate

antibiotics, 464–465
budesonide, 465
complications, 463
SSZ and 5-ASA, 464

moderate-to-severe
biologic therapy, 466–469
immunomodulators, 465–466
MTX, 466
oral corticosteroids, 465
symptoms, 465
tacrolimus, 469

neoplasia, 504
operative options

external bypass, 506
internal bypass, 506
resection, 508
strictureplasty, 506–508

pathology
mucosal ulcerations, 459
skip lesions and serositis, 459
vasculitis, neuronal hyperplasia and 

granulomas, 459
perforation, 503
perianal, 470
postoperative recurrence, prophylaxis, 

470
prevalence, 499
prophylaxis against recurrent disease, 513
severe colitis, 469, 503–504
severity assessment

CDAI, 453, 454
Harvey Bradshaw and Van Hees index, 

454
surgery indications, 469–470
symptoms and signs, 463, 500–501

Crohn’s disease activity index (CDAI), 453, 
454

Cryotherapy, 188
Cryptoglandular disease, 253
Cryptosporidium, 571
CT. See Computed tomography
CT colonography

colon imaging and stool tagging, 97
colorectal cancer screening, 694
limitations, 97
polyps detection, 97
screening modality, 627

CTE. See Computed tomography 
enterography

Currarino triad, 830
Cystodefecography

MRI, 327
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organ alignment loss, 325
PELVIC pressure, 327

D
Deep venous thrombosis (DVT)

prophylaxis
anticoagulated patient, 130–131
heparin use, 130
PE, 130
risk stratification, 130

risk classification, 145
Defecography

fecal incontinence evaluation, 312
MR, 57–58
sigmoidocele diagnosis, 33

Dermatology and pruritus ani
definition, 277
diagnosis, examination

history and physical, 283–286
laboratory, 286–289
skin lesions, morphology, 283, 284

etiology, 278–283
perianal skin

anal dermatoses, differential diagnosis, 
277, 278

symptom, 277
physiologic considerations, 277–278
treatment

anal tattooing, 291–292
doxepin, 290
environmental factors, 289–290
skin atrophy, 290–291
symptoms, 290
topical steroids, 291

Dermatophyte infection, 285
Dermoid cysts, 360
Digital rectal examination (DRE)

colon cancer, 703
GIST, 819
rectal cancer, 721, 743

Diltiazem (DTZ)
anal fissures treatment

vs. GTN, 207
healing and side effects, 207

sphincter relaxants, 205
Direct-current electrotherapy, 187
Disease free survival (DFS), 347, 737, 805
Disease specific survival (DSS), 351, 736
Distal rectal washout, 441–443
Diverticular disease

cecal and right-sided diverticulitis
described, 382
grades and diagnosis, 382
treatment options, 382

chronic and recurrent diverticulitis, 
treatment

CT, mild and severe findings, 387
emergent operation and CT scan, 

386–387
nonoperative, 386
outpatients and inpatients, recurrence, 

386
recurrent attacks, risk, 386
resection and episodes, 387
surgical procedures, 387–388

clinical patterns
acute and chronic diverticulitis, 378
classification, 378
complex, 378
non-inflammatory, 378

complications
abscess, 388
bleeding, 388
fistula, 388–389
perforation, 388
stricture and obstruction, 389
ureteral obstruction and phlegmon, 

389
described, 375
diagnostic evaluation

abdominal x-rays, 379
colonography, 380
contrast studies, 379
CT scan, 379–380
endoscopy, 380
ultrasonography, 380

differential diagnosis
colitides, appendicitis, gynecologic 

and urologic  
disease, 381

colonic neoplasia, 380–381
IBS, 380
inflammatory bowel disease, 381

epidemiology
age and gender, 377
diet, 377
immune status, 377
NSAIDs, 377
opiates, smoking and alcohol, 377

etiology
cholinergic activity, 377
colonic mucosa inflammation, 376
inflammatory process and fecal 

peritonitis, 376
microperforation, 376

giant colonic diverticulum
differential diagnosis, 382
symptoms and treatment, 382

incidence
age and diet adoption, 375
cost factor, 375
hospitalization and operative 

intervention, 375
males vs. females, 375–376

pathophysiology
high pressure and segmentation, 376
lumen size reduction, 376
muscle spasm and perforation, 376
patients, diffuse diverticula, 376

physical findings, 379
polycystic kidney, 383
rectal diverticula, 382
Saint’s triad, 383
symptoms

dysuria and fever, 379
nausea and vomiting, 379
occurrence, 375
quadrant abdominal pain, 378–379

transverse colon, 382–383
treatment, acute diverticulitis

dietary management, 383

medical and surgical management, 
383–386

in young patients
changing patterns, treatment, 381
CT, 382
elective resection, 381
misdiagnosis, 381
obesity, 382

Diverticulitis, 604–606
Donabedian model

part 1
health system level, 908–909
institution level, 909–910
limitations, 910
practitioner level, 910

part 2
clinical guideline and measure, 911
clinical practices, 910
limitations, 915
process measures, 911
RCT, 912–915

part 3
patient-reported outcomes, 916, 917
random variation, 916
risk adjustment, 915

Double contrast barium enema (DCBE), 627
Down’s syndrome, 832
DTZ. See Diltiazem
Duhamel procedure, 829
DVT. See Deep venous thrombosis
Dynamic contrast-enhanced MRI (DCE-

MRI), 726

E
EAS. See External anal sphincter
Eastern Cooperative Oncology Group 

(ECOG), 779
EAUS. See Endoanal ultrasound
EGD. See Esophagogastroduodenoscopy
Electromyography (EMG)

fecal incontinence evaluation, 312
neurophysiologic test, 53–54
Embrology
anus

anal agenesis, 17
anal stenosis, 17
anorectal agenesis, 17
anorectal malformations, 16–17
membranous atresia, 17
persistent cloaca, 17
rectal atresia/high atresia, 17

colon, 17–19
rectum

anorectal agenesis, 17
anorectal malformations, 16–17
persistent cloaca, 17
rectal atresia/high atresia, 17

EMG. See Electromyography
Endoanal ultrasound (EAUS)

anal canal neoplasms
evaluation, benign and malignant, 

118–119
squamous cell/epidermoid carcinomas, 

119
equipment and technique, 115
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Endoanal ultrasound (EAUS) (Continued )
fecal incontinence diagnosis

efficacy, 310
internal and external sphincter 

imaging,  
310–311

PBT measurement, 311
fecal incontinence evaluation

anal sphincter injury and disruption, 
117

needle electromyography, 118
PSARP goal, 118

fistula-in-ano, investigation, 228
image interpretation, 115–116
perianal sepsis and fistula-in-ano

hydrogen peroxide, 118
perirectal abscess, diagnosis, 118

Endoluminal imaging, 744–745
Endoluminal ultrasound

3D
vs. 2D ERUS, 120
EAUS vs. MRI, 119–120

EAUS
anal canal neoplasms, 118–119
equipment and technique, 115
fecal incontinence evaluation, 

117–118
image interpretation, 115–116
perianal sepsis and fistula-in-ano, 118

ERUS
vs. CT and MRI, 114–115
equipment and technique, 107–108
image interpretation, 108–109
postoperative follow-up, 113–114
preoperative staging, lesion, 107
rectal cancer diagnosis, 112–113
rectal neoplasms, assessment, 

109–112
history, 107

Endometriosis
clinical manifestations

GnRH analogs, 422
sites and incidence, 422

coelomic metaplasia, 421
definition, 421
diagnostic evaluation, 428
endoscopy, 425
epidemiology, 421
etiology, 421–422
imaging techniques

accuracy, 425–426
barium enema examination, 426
chronic pelvic pain bleeding 

evaluation, 425
CT, 426
immunoscintigraphy, 426
transvaginal ultrasound, 425

immune system, 422
implantation, 422
infertility, 423
intestinal symptoms

rectosigmoid disease, 423
small bowel endometriosis and 

Crohn’s disease, 423
laparoscopy

direct visual tactile assessment, 426

distal small bowel, 427
implant, 428
lesions, 428
vasodilatation, 428

long-term follow-up, 428
malignant transformation, 424
medical management

danazol, 429
gonadotropin-releasing hormone 

agonists, 429–430
hormonal environment manipulation, 

429
microscopic disease, 429
oral contraceptives, 429
symptoms, 428–429

pelvic pain and dysmenorrhea
adhesions, 423
dysmenorrhea, 423
macrophages, 423
total lesion volume, 422

physical examination, 424–425
placebo vs. GnRH analogs, 422
retrograde menstruation, 421–422
surgical management

combination, 432
principles, 430
rectovaginal endometriosis, 430–432
results, 432
small bowel and appendiceal, 432

treatments, 428
Endorectal ultrasound (ERUS). See also 

Endoscopic surveillance
anatomic model, 722
vs. CT and MRI

lymph node staging, 115
penetration depth and nodal status, 

114
equipment and technique

B-K medical scanner, transducers and 
latex balloon,  
107–108

lesion evaluation, 108
phosphosoda enemas and wide-bore 

ESI proctoscope, 108
image interpretation

rectal wall layers, 108
seven-ring model, 108–109

morphologic characteristics, 723
outpatient procedure, 721
perirectal nodes, 723
postoperative follow-up

baseline examination, 114
local recurrence rates, 113–114

preoperative staging, lesion, 107
presacral lesion, evaluation, 363
rectal cancer diagnosis, accuracy

image misinterpretation, factors, 113
lymph node metastases, 112
positive and negative likelihood ratio, 

133
radiation therapy, 133
tumor’s invasion depth, determination, 

122
rectal neoplasms, assessment

invasion depth, 109
lesions, 109–111

nodal involvement, 111–112
Endoscopic surveillance

abnormalities, 808
colon cancer, 807
efficacy, 679
metachronous colon and rectal neoplasms, 

806–807
PET, 807–808
rectal cancer, 807

Endoscopy
acute diverticulitis

elective colonoscopy, 380
limitation and advantage, 380

anoscopy, 63–64
colonoscopy

abnormal findings, 72–73
bleeding prophylaxis, 70
complications, 74
contraindications, 69
indications, 69
monitoring, 70
normal anatomy, 72
preparation, 69
technique, 70–72

flexible sigmoidoscopy, 66–67
IBD evaluation

colonoscopy, 457
EGD, 458
flexible sigmoidoscope, 457
TTS, 457–458
WCE, 458

ileoanal pouch
complications, 68
contraindications, 68
indications, 68
preparation, positioning and 

technique, 68
technique, 68

ileoscopy, 67
pouchoscopy, kock pouch/continent 

ileostomy, 67–68
rigid proctosigmoidoscopy, 65–66

Entamoeba histolytica, 570–571
Enterobius, 574
Enteroceles

classification and clinical presentation, 
325–326

description, 325
detection, MRI and ERUS, 326
formation and transformation, 326
small bowel and sigmoid colon, 326

Enterogenous cysts, 360
Eosinophilic colitis, 584–585
Epidermal growth factor receptor (EGFR), 

774, 790
Epidermoid cysts, 360
ERUS. See Endorectal ultrasound
Erythrocyte sedimentation rate (ESR), 459
Escherichia coli, 565–566
Esophagogastroduodenoscopy (EGD), 458
Ethical and legal considerations

autonomy, 873
beneficence, 856
blowing the whistle, 878
communication and internet, 867
confidentiality, 870
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conflict of interest, 869–870
consultation, 876
death determination, 875
DNR and surgical necessity, 872
durable power of attorney, 864
elderly patients

abandonment, 870
social service consultation, 871

ethical dilemma, 859
euthanasia/physician-assisted  

suicide/terminal sedation,  
872–873

futility/withholding treatment, 871–872
good samaritan

colon and rectal surgeon, 876
ethical obligation, 877

impaired decision-making capacity, 863
informed consent, 865–866
issues, 854
justice, 856–857
learning and teaching, 877
living will, 864
malpractice, 858–859
managed care, 878
nonmaleficence, 856
ordeals, 854
organ donation, 875–876
pain relief and double effect doctrine

“code”, 874–875
patient autonomy, 874

palliative care/hospice, 873–874
paternalism vs. autonomy, 861–862
patient

encounters, 861
physician relationship, 853
surgeon relationship, 866–867

personal challenges
competence, impairment and insight, 

879–880
family, 879
professionalism, 879

physician-based ethics, 859
placebo surgery, 869
problems, 864–865
professionalism and interpersonal 

relations, 877
prognosis, 862–863
proximity, 854
quality-of-life issues, 860
regulatory law, 858
religion and medical ethics, 857
research/innovation

biological systems, 867
NOTES, 868

respect for autonomy, 855–856
statutory law, 858
suboptimal care, 877–878
surgical problems, 854–855
talking about death, 863–864
telling the truth/disclosing errors, 862

European Organization for Research and 
Treatment of Cancer (EORTC), 
916, 917

Eutectic mixture of local anesthetic  
(EMLA), 278

Ewing’s sarcoma, 362, 363, 365–366

Extended lateral lymph node dissection 
(ELD), 750

External anal sphincter (EAS), 2–3, 41–42, 
116–118

External-beam radiation (EBRT), 761
Extrasphincteric fistula-in-ano, 226

F
Familial adenomatous polyposis (FAP)

adenoma chemoprevention, 649
desmoid disease, 650–652
diagnosis, 647
duodenum surveillance, 649–650
extracolonic manifestations, 645–646
features, 644–645
Gardner’s syndrome, 646
genetic colorectal cancer syndrome, 804
genetics, 645
germline defect, 697
large bowel management, 647–649
management, 650
polyposis registries, 644
presentation, 646
symptoms, 646–647
Turcot’s syndrome, 646
upper gastrointestinal polyposis, 649

Fecal diversion
with colostomy, 442–443
fecal incontinence, 318–319
proximal, 237
role, 159–160

Fecal immunohistochemical test (FIT), 
703–704

Fecal incontinence
defined, 309
diagnosis

active/passive, 310
anorectal manometry, 311–312
CCF-FIS, 310
colonoscopy, 312
defecography, 312
EMG, 312
endoanal ultrasound, 310–311
measurements, 311–312
physical examination, 310
PNTML, 312

etiology
congenital malformations and 

radiation therapy,  
309–310

denervation and iatrogenic injuries, 
309

obstetric injury and tears, 309
pseudo incontinence, 309

treatment
anterior overlapping sphincteroplasty, 

314–315
artificial bowel sphincter, 316–318
fecal diversion, 318–319
muscle transposition, 318
non-operative management, 312–314
parks posterior anal repair, 315
SNS, 315–316

Fecal occult blood testing (FOBT)
CRC, 691, 692

health care economics, 846
polyps, 631

Federal Privacy Rule, 889
Ferguson hemorrhoidectomy

diamond shaped incision, 188
enemas and sedation, 188
hourglass shaped incision, 188
wound care, 188–189
18F–2-fluoro–2-deoxy-D-glucose (FDG), 

99, 807
Fistula

colovesical, 388
diagnosis and treatment, 389
non-operative management, 389

Fistula-in-ano
complications

incontinence, 235
recurrence, 236

Crohn’s disease, 236–237
evaluation

anoscopy, sigmoidoscopy and 
colonoscopy, 227

CT scan, 228
endoanal ultrasound, 228
fistulography, 227–228
MRI, 228–229
physical examination, 227
symptoms, 227
and treatment, 238–239

HIV positive patient, 237–238
mucinous adenocarcinoma, 238
operative management

AFPT, 233–234
fibrin glue, 233
fistulectomy, 233
lay-open technique, 230
LIFT procedure, 234
new biologic injectables, 234–235

pathophysiology, 226
postoperative care, 235
rectourethral, 238
treatment, principles, 230

Fistulography, 227–228
Flat and depressed adenomas, 634–635
Flexible sigmoidoscopy

complications, 67
contraindications and preparation, 66
indications, 66
positioning, 66
technique, 66–67
videochip, 66

18-Fluorodeoxyglocose positron emission 
tomography (FDG-PET), 725, 726, 
762, 807–808

Fluorodeoxyuridine (FUDR), 790
Fluoroscopic defecography

anorectal angle and rectal emptying, 56
described, 56
MR, 57–58
peritoneocele, enterocele and 

sigmoidocele, 57
rectal intussusception and prolapse, 57
rectocele, 57

Fluorothymidine (FLT), 726
5-Fluorouracil (5-FU), 342, 773
Folate, 674–675
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Forced vital capacity (FVC), 599
Fundamentals of Endoscopic Surgery (FES), 

895
Fundamentals of Laparoscopic Surgery 

program (FLS), 895
Fungal enteritis/colitis

Candida species, 575
C. neoformans, 575
histoplasmosis, 575

G
Gardner’s syndrome, 646, 647
Gastrin releasing peptide receptors (GRPR), 

278
Gastrointestinal recovery, postoperative 

management
early ambulation, 143–144
gum chewing

colectomy, 143
flatus and defecation, 143
mastication and salivation, 143

ileus, treatment and prevention
alvimopan, 142–143
defined, 142
methylnaltrexone, 142
pharmacologic interventions, 142

nasogastric tube use and early refeeding, 
141–142

PONV
economic and emotional costs, 141
Koivuranta score, 140
pharmacologic therapy, 141
phenothiazine, scopalamine and 

metoclopramide, 141
risk factors, 140

Gastrointestinal stomal tumors (GIST), 90, 
349, 818–819

GCA. See Giant condyloma accuminata
Gene therapy, 779
Genitourinary postoperative complications

sexual dysfunction
nerve sparing approach, 165
pelvic nerves, anatomic relation, 165
retrograde ejaculation, 165
sildenafil, treatment, 165

ureteral injuries
anterolateral dissection, 163
IMA ligation, 162–163
stents, use, 164
upper mesorectum, mobilization, 163

urethral and bladder injuries, 164
urinary dysfunction, 164

Giant condyloma accuminata (GCA), 302
Giardia lamblia, 571–572
GIST. See Gastrointestinal stomal tumors
Glyceryl trinitrate (GTN)

dosage, 205
vs. DTZ side effects, 207
vs. LIS, 205–206

Gonorrhea
anorectal gonococcal infection treatment, 

297
asymptomatic and symptomatic rectal 

infection, 296
diagnosis, 296–297

gram-negative intracellular diplococcus, 
296

Neisseria gonorrhoeae, 296
Good samaritan

colon and rectal surgeon, 876
ethical obligation, 877

Granuloma inguinale/donovanosis, 299
Gross domestic product (GDP), 843, 845
GTN. See Glyceryl trinitrate

H
HAART. See Highly active antiretroviral 

treatment
HACA. See Human anti-chimeric antibody
Haemophilus ducreyi, 299
HAL. See Hemorrhoidal artery ligation
Halsted model, 893
Hamartomas, 637–638
Hamartomatous polyposes

juvenile polyposis, 654
Peutz–Jeghers syndrome, 653–654

Hand-assisted laparoscopic (HAL) 
colectomy, 485

HBO. See Hyperbaric oxygen
Health and Human Services (HHS), 889
Health care economics

hospital reimbursment, 847
HRA, 850
medicare resources, 846–847
physician reimbursement, 847–849
private payers, 849–850
reimbursement process

CBO, 846
CMS/FICA, 843
HCFA, 843
SNF, 846

Health Care Financing Administration 
(HCFA), 843

Health care quality
appropriateness criteria

development, 918
limitations, 919
procedure, 918
use, 919

attribution, 922
CER

characteristics, 920
cost effectiveness, 920–921

colorectal surgery
comparative effectiveness and cost 

effectiveness, 921–922
criteria and guidelines, 920

data, 917–918
definition, 907
Donabedian model

part 1, 908–910
part 2, 910–915
part 3, 915–917

history, 908
outcome measures, 917
stakeholders, 907
structure, process and outcome, 917

Health Insurance Portability and 
Accountability Act  
(HIPAA), 884

Health maintenance organizations (HMO), 
849–850

Health reimbursement arrangement (HRA), 
850

Hemorrhoidal artery ligation (HAL), 193
Hemorrhoids

anatomy
anoderm, 176
arteries and veins, 175
fecal continence, hypothesis, 175–176
misnomer quadrants, 175
Trietz’s muscle, 175
vascular cushions, 175

classification, 177
clinical presentation

benign anorectal conditions, 177
external symptoms, 178
internal symptoms, 177–178

clinical scenarios
Crohn’s disease, 195–196
hemorrhoids in pregnancy, 195
immunocompromised patient, 196
strangulated, 195
varices and portal hypertension, 195

epidemiology, 176–177
etiology

age factor and venous congestion, 176
dietary and behavioral features, 176
sliding anal cushion theory, 176

evaluation
abdominal and anorectal examination,  

178–179
colon, 179–180
history, 178
Ives Fansler Anoscope, 179

external, acute thrombosis, 194–195
treatment

dietary and lifestyle modification, 
180–181

medical therapy, 182–183
office-based, 183–188
operative hemorrhoidectomy, 188–193
sitz baths, 181–182
toileting behavior, 181
transanal hemorrhoidal 

dearterialization,  
193–194

Henoch-Schonlein purpura, 585–586
Henoch-Schonlein purpura (HSP), 585–586
Hepatic arterial infusion (HAI), 790–791
Hereditary colorectal cancer

FAP
adenoma chemoprevention, 649
cardinal manifestation, 644–645
desmoid disease, 650–652
diagnosis, 647
duodenum surveillance, 649–650
extracolonic manifestations, 645–646
Gardner’s syndrome, 646
genetics, 645
large bowel management, 647–649
management, 650
polyposis registries, 644
presentation, 646
symptoms, 646–647
Turcot’s syndrome, 646
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upper gastrointestinal polyposis, 649
hamartomatous polyposes

juvenile polyposis, 654
Peutz–Jeghers syndrome, 653–654

HNPCC
Lynch syndrome, 656–659
MMR gene mutation, 661–663
Muir–Torre syndrome, 659–661

MAP, 652–653
PTEN tumor hamartoma syndromes

Bannayan–Riley–Ruvalcaba 
syndrome, 655

Cowden’s syndrome, 654–655
Hereditary non-polyposis colorectal cancer 

(HNPCC)
colon cancer, 711
Lynch syndrome, 656–659
MMR gene mutation, 661–663
Muir–Torre syndrome, 659–661
ovarian metastasis, 796

Herpes simplex virus (HSV)
diagnosis, 300
patient counseling, 301
productive and clinical infections, 300
serotypes and seroprevalence, 300
treatment, 300–301

Hidradenitis suppurativa
algorithm, 273
apocrine glands, 270
bacteriology, 270
clinical presentation and diagnosis

biopsy and cutaneous infections, 270
vs. Crohn’s disease, 270
malignancy, 271
physical examination, 270

description, 269
incidence and etiology, 270
non-surgical treatment

antibiotic therapy, 271
medications and radiotherapy, 271

pathophysiology
hair follicles, dilation and rupture, 270
keratin plugging and apocrine glands, 

270
severity and location, 269–270
surgical treatment

excision, diseased skin, 271
incision and drainage, tracts, 271
negative pressure dressings, 272
reconstruction and care, 272–273

High-dose intraoperative brachytherapy 
(HDR-IORT), 767

High grade squamous intraepithelial lesions 
(HSIL)

colposcopy visualization, 339, 340
HIV positive patients, 339
perianal

distinction, 341
occurrence and symptoms, 341
treatment, 342

risk factors, 341
Highly active antiretroviral treatment 

(HAART)
AIN incidence, 303
anorectal surgery healing, 304

High output stomas, 527–529

Hirschsprung’s disease
algorithm, 827, 828
characterization, 825
diagnosis, 826
indications, 827, 829
rectal examination, 825
ultrashort, 829

HIV. See Human immunodeficiency virus
Hormone replacement therapy (HRT), 

676–677
HPV. See Human papilloma virus
HSIL. See High grade squamous 

intraepithelial lesions
HSV. See Herpes simplex virus
Human anti-chimeric antibody (HACA), 468
Human immunodeficiency virus (HIV)

AIDS
anal ulcers, 304
asymptomatic patients, 305
classification system, 303
infection and death rate, 303
perianal suppurative diseases and 

fistulotomies, 304
thrombosis and hemorrhoids, 

treatment, 304–305
wound healing, anorectal surgery, 304

anal cancer development, 302
immunity impairment, 295–296

Human papilloma virus (HPV)
anal intraepithelial dysplasia and anal 

cancer
evaluation and treatment algorithms, 

302–303
HAART use and prevalence, 303
HIV, homosexual males, 302

described, 338
DNA, 339
GCA, 302
genotypes, 341
perianal/anal condyloma treatment

complaints and examination, 301
electrosurgery tip, use, 301
imiquimod use, 302
postoperative care, 301–302

subtypes and transmission, 301
5-Hydroxyindolacetic acid (5-HIAA), 814
Hyperbaric oxygen (HBO), 225
Hyperplastic polyposis (HPP) syndrome, 684
Hyperplastic polyps, 635–636

I
IAS. See Internal anal sphincter
Iatrogenic rectovaginal fistula, 254–255
IBD. See Inflammatory bowel disease
IBS. See Irritable bowel syndrome
Ileal disease, 508–509
Ileal-pouch anal anastomosis (IPAA)

constipation and functional bowel 
disorders, 542

HAL, 485
mucosal stripping, 486
mucosectomy, 487
postoperative complications, 489–491

Ileocolonic disease, 511
Ileorectal anastomosis, 714

Ileoscopy
complications, 67
indications, 67
preparation, contraindications and 

positioning, 67
technique, 67

Ileosigmoid knotting
diagnosis, 400–401
epidemiology, pathogenesis, 400
intra-abdominal catastrophe, 400
sigmoidoscope, 401
treatment and outcome

ensure adequate vascular  
supply, 401

ileocolic anastomosis, 401
IMA. See Inferior mesenteric artery
Immunomodulators, 502
Immunotherapy, 779
Imperforate anus. See Anorectal 

malformation
Imperforate anus without fistula

female defect, 832
male defect

description, 832
repair mechanism, 836

Inferior mesenteric artery (IMA), 15, 23, 
163–164, 579, 747

Inflammatory bowel disease (IBD)
causes and treatment phases, 463
CD

maintenance therapy, 470
medical management, 463–469
perianal, 470
postoperative recurrence,  

prophylaxis, 470
surgery indications, 469–470
and UC, 449

colitides, 92–93
CRC, 678–679
Crohn’s, 91
endoscopy, 457–458
epidemiology

bimodal distribution, incidence, 
449–450

causes and risk factors, 449, 450
prevalence, 449
risk factors, 450

etiology, 410
extraintestinal manifestations

coagulopathy, 453
hepatobiliary, 453
musculoskeletal, 453

genetic disease determinants
acquired and innate immune system, 

mutations,  
451–452

autophagy, 451
CD associated mutation, 450–451
DLG5, NKX2–3 and PTPN2 genes, 

452
genes, Crohn’s disease and ulcerative 

colitis, 451
mapping, loci, 450
mutation, epithelial barrier, 450
pathogenesis factors, 450, 451
patients, reclassification, 452
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Inflammatory bowel disease (IBD) (Continued )
GI

CD, 452
UC, 452–453

histology, 458
indeterminate colitis, 459
IPAA, 449
malignant lesions, 409
pathology

CD, 459
UC, 458–459

patient, acute exacerbation
complications, 460
testing regimen, 460

radiology
contrast radiologic studies, 454–456
CT, 456
importance, 454
MRI, 456
nuclear medicine, 457
plain X-rays, 454
ultrasound, 456–457

regional ileitis and enteritis, 449
SBO, 93–94
serum tests

ESR, CD, 459
genetic mutations, CD, 460
immune regulatory pathways, 459–460
nutritional parameters, 459
pANCA, ANCA and ASCA, 460

severity assessment
CD, 453–454
UC, 454

UC
maintenance therapy, 472
medical management, 470–472
preoperative treatment effect, 

postsurgical complications, 473
surgery indications, 472–473

ulcerative colitis, 91–92
Inflammatory bowel disease-unclassified 

(IBDU), 491
Inflammatory polyps, 638
Infrared photocoagulation, 186–187
Injectables

biologic, 234–235
fecal incontinence treatment

mechanism, 314
vs. surgical repair, 314

Injury severity score (ISS), 436
Institute of medicine (IOM), 907
Internal anal sphincter (IAS), 2, 42, 116–118, 

205, 208
Intersphincteric fistula-in-ano, 226
Intestinal stoma

complications
high output, 527–528
intestinal obstruction, 528
ischemic, 528–529
parastomal hernia, 526–527
prolapse, 529
skin irritation and leakage, 526
stone formation, 528

creative techniques
laparoscopic, 523–524
surgical principles, 522–523

distal anastomotic protection, 524–525
incidence, 517
indications and types, 518–519
irrigation and continence, 529
ostomy, 517–518
physiology

flora, 520
fluid and electrolyte balance, 520
nutrition, 520
output, 519
transit, 520
volume, 519–520

preoperative considerations, 520–521
quality of life, 521–522
reversal, 529–530

Intraoperative radiation therapy (IORT), 
767–768

IPAA. See Ileal-pouch anal anastomosis
IPS. See Irritable pouch syndrome
Irritable bowel syndrome (IBS)

constipation, 34
diarrhea-predominant, 34
epidemiology, 543
etiology and treatment, 34
gastrointestinal motility, 543–544
genetics, 544
medical therapy, 545
mucosal inflammation, 544
probiotics, 545
psychological abnormalities, 544
small intestinal overgrowth syndrome, 

544
symptoms, 544
visceral hypersensitivity, 544

Irritable pouch syndrome (IPS), 473
Ischemic colitis

causes, 578
collateral routes, 579
colonoscopy, 579–580
diagnosis, 579
endoscopic findings, 579
gangrenous alterations, 578
laboratory examination, 579
location, 408
occlusive/nonocclusive, 408–409
proctosigmoiditis, 581
radiological tests, 580
signs and symptoms, 581
surgical options, 580–581
vascular repair, 581
vasopressor support, 580

Ischemic stomas, 528–529
Ivalon sponge/posterior mesh rectopexy, 556

J
Juvenile polyposis syndrome (JPS), 637
Juvenile polyps, 840

K
Kaposi’s sarcoma, 352, 575, 576
Karydakis procedure/advancing flap, 

265–266
Kohlrausch’s plica, 4
Kraske approach, 249

L
Laparoscopic colorectal surgery

bowel activity and diet, 599
CLASICC trial, 597
colorectal cancer

ABCRS, 608
CLASICC trial, 608
COLOR II trial, 611
COLOR trial, 608
CRM, 610
TME, 608–610

contiguous organ attachment, 613
disease-specific outcomes

Crohn’s disease, 601
diverticulitis, 604–606
rectal prolapse, 606
ulcerative colitis, 601–603

HAL, 614–615
length of stay, 600
NOTES, 616–617
operative techniques

colon, 613
rectum, 613

operative time, 599
outcomes, 598–599
perioperative preparation, 612–613
postoperative pain and pulmonary 

function recovery,  
599–600

preoperative staging, 612
quality of life, 600
rates of conversion, 598
robotic colorectal surgery, 615–616
single-incision colectomy, 616
tumor localization, 612
wound implants prevention, 613–614

Laparoscopic stoma creation, 523–524
Lateral internal sphincterotomy (LIS)

anal papillae and polyps, 211
vs. BT, 209
keyhole deformity, 210
men vs. women, 211
vs. NTG, 205–206
open vs. closed technique, 210–211

Lateral lymph node dissection. See Extended 
lateral lymph  
node dissection

Lay-open technique, 230, 235
LDUH. See Low dose unfractionated heparin
Legal considerations. See also Ethical and 

legal considerations
communication

adverse events, bad news and 
apologies, 888–889

e-mails, 889
consumer awareness, 891
data base registries, 890–891
defensive charting, 886
electronic medical records, 888
etiology speculation, 886–887
HIPAA, 889–890
informed consent

documentation, 886
lack case, 885–886
obtainment, 885

insider trading, 891
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lawsuit stress, 884–885
malpractice elements, 883–884
plaintiff’s pre-claim review, 887
promotional prohibitions, 891
record tampering and deception, 887
recurring malpractice themes, 884
research vs. innovative practice, 890

Leukmia and neutropenic enterocolitis, 
819–820

LGV. See Lymphogranuloma venereum
Lichen sclerosus (LS), 281–282, 286, 289
LIFT. See Ligation of the intersphincteric 

fistula tract
Ligation of the intersphincteric fistula tract 

(LIFT), 234, 250
LIS. See Lateral internal sphincterotomy
Liver metastasis

diagnosis, 789–790
history, 789
resection

margin status, 792–793
patient outcome, 792
patient selection, 792
recurrence, 793

treatment
ablative procedure, 794
chemotherapy, 790
hepatic arterial infusion, 790–791
resection, 792–793

LMWH. See Low molecular weight heparin
Loop ileostomy, 159–160, 493, 504, 518
Lovenox®, 746
Low dose unfractionated heparin (LDUH)

described, 145
vs. LMWH, 146

Lower gastrointestinal bleeding (LGIB).  
See Lower gastrointestinal 
hemorrhage

Lower gastrointestinal hemorrhage
angiodysplasia, 408
angiography, 412
anorectal

hemorrhoids and rectal ulcers, 407, 408
NSAIDs, 408
sinusoids, 408

Billingham’s problem, 415
clinical characteristics, 414
colonic etiologies

Crohn’s disease, 409
cyclooxygenase (COX)–2, 409
“Dab” method, 409
HIV virus, 409
inflammatory bowel disease (IBD), 

409
post-polypectomy bleeding, 409
prognostic factors, 414

colonoscopy, 411–412
definition, 407
diverticular disease, 407
epidemiology, 407
history, comorbid conditions, 411
ischemic colitis, 408–409
malignancy, 408
multi-detector row, CT, 413
nasogastric tube (NG) placement,  

source, 410

OGIB, 410
pathology, 410
radionuclide scintigraphy, 412–413
superselective angiography, 415
surgery, 414

Low grade squamous intraepithelial lesions 
(LSIL)

colposcopy visualization, 339, 340
HIV positive patients, 339

Low molecular weight heparin (LMWH)
described, 146
vs. fondaparinux, 146
hematoma incidence, 146

LSIL. See Low grade squamous 
intraepithelial lesions

Lung metastasis, 794–795
Lymph node metastases, rectal cancer, 

738–739
Lymphogranuloma venereum (LGV)

cause, 568–569
chlamydia trachomatis, 297
diagnosis, 297–298
inguinal adenopathy, 297
treatment regimens, 298

Lymphoma, 85, 90, 352, 820
Lynch syndrome

clinical features, 658
DNA

microsatellites, 656
mismatch repair, 656–657
pathology, 657

genotype/phenotype relationships, 
658–659

history, 656
screening, colorectal cancer, 696–697

M
Magnetic resonance 

cholangiopancreatography 
(MRCP), 789

Magnetic resonance imaging (MRI)
abscesses, detection, 236
advantages and disadvantages, 98
anatomic assessment, 54–55
axial and coronal view, 723
defecography, 57–58
endoanal, 120
endorectal coil and phased array, 111
vs. ERUS and CT, 114–115
fascia propria, 724
fistula imaging, 98
fistula-in-ano, investigation, 228–229
fistulas and sphincter defect, detection, 

246
IBD evaluation, 456
inflammation and tumor, 98
lymph node metastasis, 724, 725
meta-analysis, 724
pelvic floor prolapse detection

cystodefecography, 328
levator hiatus, 326, 327
reconstruction, levator ani, 323, 324

pelvic neurofibroma, 363, 365
phase array, 228, 229
presacral lesion, evaluation, 363

sensitivity and specificity, 724, 725
staging rectal cancer, 98
T staging, 724

Malignant polyps, 632–634
Manometry

phasic/brief colonic contractions, 28
pressure fluctuations, 28

MBP. See Mechanical bowel  
preparation

MDCT. See Multi-detector row computed 
tomography

Mechanical bowel preparation (MBP)
colorectal surgery, 127–128
trials and meta-analysis, 128–129

Meckel’s diverticulum, 19
Medical education. See Continuing medical 

education
Medical therapies, fecal incontinence 

treatment
biofeedback, 313
bulking agents, 312–313
constipating agents, 313
etiologies, 312
injectables, 314
laxative regimen, scheduled 

disimpactions, 313
Secca® procedure, 313–314

Melanoma
metastatic, 817
primary, 817–818

Men who have sex with men (MSM), 339
Metastatic disease, 816
Methotrexate (MTX), 466
Microsatellite instability (MSI), 629, 682, 

779
Microscopic colitis, 583–584
Microwave ablation (MWA), 794
Milligan–Morgan hemorrhoidectomy, 189
Molluscum contagiosum, 303
Monocarboxylate transporter isoform 1 

(MCT1), 25
Morbidity and mortality (M&M), 894
MRI. See Magnetic resonance imaging
MSM. See Men who have sex with men
MTX. See Methotrexate
Mucosal inflammation, 544
Mucosal sleeve resection, 552
Muir–Torre syndrome, 659–661
Multidetector-row computed tomography 

(MDRCT),  
413, 725

Multimodality therapy
complications, 769
EBRT, 763
local tumor control, 768
multivariate analysis, 769
preoperative chemoradiation, 768
radiotherapy, 763
systemic disease, 768

Muscle transposition
gluteus maximus, 318
gracilis

limitations and complications, 318
procedure, 318

Mycobacterium bovis, 567
Mycobacterium tuberculosis, 567
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MYH-associated polyposis (MAP), 652–653
Myocutaneous flaps, 268

N
NaP. See Sodium phosphate
National Cancer Care Network  

(NCCN), 804
National Cancer Institute (NCI), 744
National Initiative for Cancer Care Quality 

(NICCQ), 911
National Institute of Clinical Effectiveness 

(NICE), 921
National Surgical Quality Improvement 

Program (NSQIP),  
916, 918

National Veterans Administration Surgical 
Risk Study  
(NVASRS), 916

Natural orifice transluminal endoscopic 
surgery (NOTES), 597, 616–617, 
734

Necrotizing anorectal infection
risk factors, 224
symptoms and signs, 224
treatment

medical colostomy and HBO, use, 
224–225

mortality rates, 225
prognostic factor, 224
use, gram stain, 224

Neisseria gonorrhea, 567–568
Neoadjuvant therapy, rectal cancer, 726–727
Nerve sparing approach, 165
Neuroendocrine carcinoma, 816–817
Neurogenic tumors, 362
Neuronal intestinal dysplasia (NID), 829
NHL. See Non-Hodgkin’s lymphoma
Nitroglycerin (NTG)

vs. BT group, 209
vs. lidocaine ointment, 205
vs. LIS, 205–206

Noble–Mengert–Fish technique, 249
Non-Hodgkin’s lymphoma (NHL), 352
Non-inflammatory diverticular disease, 378
Non-steroidal anti-inflammatory drugs 

(NSAIDs), 149, 377
Nonsteroidal topical therapy, 291
NSAIDs. See Non-steroidal anti-

inflammatory drugs
NTG. See Nitroglycerin

O
Objective Structure Clinical Examination 

(OSCE), 894
Objective Structured Assessment of 

Technical Skill (OSATS), 894
Obscure gastrointestinal bleeding (OGIB)

anterograde or retrograde, 410
positive capsule endoscopy, 410
small bowel angiodysplasia, 408

Obstetrical injury, 245, 253
Office for Human Research Protection 

(OHRP), 890
OGIB. See Obscure gastrointestinal bleeding

Ogilvie’s syndrome
acute colonic pseudo-obstruction, 34–35
autonomic innervation imbalance, 34
double-blind randomized trial, 35

Open hemorrhoidectomy, 189
Operative hemorrhoidectomy

closed (see Ferguson hemorrhoidectomy)
complications, 191
excisional, 188
indication, 188
open/Milligan-Morgan, 189
results

diathermy, excisional and scissor, 191
lateral internal sphincterotomy and 

nitroglycerin, 191
open vs. closed, 190
postoperative pain, minimization, 

190–191
stapled, 191–193
Whitehead, 189–190

Osseous tumors, 362
Ostomy, 517–518
Ovarian metastasis, 796–797

P
PAD. See Pre-operative autologous donation
Pain relief and double effect doctrine

“code”, 874–875
patient autonomy, 874

pANCA. See Peri-nuclear antineutrophil 
cytoplasmic antibody

Parasitic enteritis/colitis
Ascaris lumbricoides, 572–573
Balantidium coli, 571
Cryptosporidium, 571
Entamoeba histolytica, 570–571
Enterobius, 574
Giardia lamblia, 571–572
Schistosomiasis, 573
Strongyloides stercoralis, 573
Taenia solium, 574
Trichuris trichiura, 573–574
Trypanasoma cruzi, 572

Parastomal hernia, 526–527
Pathologic conditions, anorectal physiology

continence, 46
incontinence

abnormal rectal sensation, 45
defined, 45
mucosal and rectal prolapse, 45

obstructed defecation
dyskinetic puborectalis, 46
rectocele, 45
suspected enterocele/rectocele, 45

Patient controlled analgesia (PCA), 149
Patient Quality Reporting Initiative (PQRI), 

922
PCA. See Patient controlled analgesia
PE. See Pulmonary embolism
Pediatric colorectal disorder

adult patients, 839
anal fissure, 840–841
anorectal malformation

bowel movement, 838
classification, 830

colostomy, 834–835
defect types, 838
female defect, 832–833
initial management, 833–834
main repair, 835–838
male defect, 830–832
sacral and spinal abnormalities, 830
urogenital abnormalities, 830

fecal incontinence, 839
Hirschsprung’s disease

algorithm, 827, 828
characterization, 825
diagnosis, 826
indications, 827, 829
rectal examination, 825
ultrashort, 829

idiopathic constipation, 839–840
juvenile polyps, 840
medical management, 826
NID (see Neuronal intestinal dysplasia)
perianal fistula, 840
rectal prolapse, 840
surgical treatment

aganglionic resection, 826
circumferential dissection, 827, 828
colonic aganglionosis, 829
complication, 827
constipation, 828
Duhamel procedure, 829
fine suture, 827
Soave procedure, 827
transanal procedure, 826
ultra-short Hirschsprung’s, 829

PEG. See Polyethylene glycol
Pelvic floor disorders

abdominal sacral colpoperineopexy 
technique, 331

anatomic findings, rectovaginal septum, 
331

anterior, middle and posterior 
compartment findings, 325

collagen composition, 324
colorectal diseases prevalence, 328
cystodefecography and evacuation 

proctography, 325
dynamic MRI and cystodefecography

anterior rectal wall intussusception, 328
detection, levator hiatus enlargement, 

327
levator plate inclination, 327–328

endopelvic/endovisceral fascia
description, 323–324
existence, 324

enteroceles, 325–326
epidemiology, 323
medical vs. surgical management, 329
men vs. women, 323
mesh placement vs. non-mesh repairs, 332
MRI reconstruction, 323, 324
multi-organ prolapse, 328–329
patients, collagen and elastin defects, 324
peritoneocele, 326
prolapse stages and symptoms, 

correlations, 328
rectal, urinary and vaginal prolapse, 328
rectocele, 329–330
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surgical management, 323
TPMR, 331
transperineal trocar system and mesh 

slings, 331–332
transversalis, 327–328
vaginal apical prolapse repair, 331

Pelvic Organ Prolapse Quantification 
(POP-Q), 328

Penicillinase-producing N. gonorrhoeae 
(PPNG), 297

Percutaneous nerve evaluation  
(PNE), 315

Percutaneous transluminal coronary 
angioplasty (PTCA), 919

Perianal CD, 470
Perianal disease

Crohn’s disease, 511–513
history and physical examination

aided factors, 283–284
Anal Bowen’s disease, 284, 285
chronic steroid, 284, 287
dermatophyte infection, 284, 285
erythrasma, 284
herpes virus infection, 286, 288
hyperpigmentation, 284
inflammatory changes, skin, 286, 287
lichenification, 284–286
lichen sclerosis, 286, 289
lichen simplex chronicus, 286, 287
perianal Paget’s disease, 284, 285
psoriasis, 284, 285
topical clotrimazole, 286, 288
yeast, 284, 286

laboratory examination
EMLA, 288
skin punch biopsy tools, 288, 289

skin lesions, morphology, 283, 284
Perianal HSIL/Bowen’s disease and anal 

canal
distinction, 341
occurrence and symptoms, 341
progression rate, 341
treatment

less radical approach, 342
postoperative pain and follow up, 342
radical approach, 342
therapeutic modalities, 342

Perianal Paget’s disease, 284, 285
Perianal SCC/anal margin

clinical characteristics, 342–343
locations, distinction, 342
staging, 343
treatment options

chemoradiation, use, 344
radiation therapy, 344
survival rate, patients, 344
tumor stages, 344
wide local excision and results, 343, 

344
Perineal fistula

female defect
description, 832
repair mechanism, 836

male defect, 830–831
Perineal rectosigmoidectomy/Altemeier 

procedure, 551–552

Peri-nuclear antineutrophil cytoplasmic 
antibody (pANCA), 460

Peritoneal metastasis, 795–796
Peritoneocele, 326
Persistent rectovaginal fistula

bioprosthetic material, 255
surgical approach, tailoring, 255
treatment techniques, 255

Peutz–Jeghers syndrome (PJS), 637, 653–654
Phlebotonics, 182–183
Physiological and Operative Severity Score 

for enumeration of Mortality and 
Morbidity (POSSUM )

advantage, 126–127
calculation parameters, 127

Physiologic testing
anorectal function test

anatomic assessment, 54–55
balloon expulsion, 53
function and structure, 55–58
gastrointestinal transit studies, 58
neurophysiologic, 53–54
perineometry, 53
saline continence, 53

anorectal manometry
anal resting tone, 49–50
cough reflex, 52
equipment and testing, 49
indications, 49
RAIR, 51–52
rectal sensation and compliance, 52
squeeze pressure, 50–51
vector volume, 52–53

evaluation, anorectal function, 49
Pilonidal disease

algorithm, 269
Bascom procedure/flap reconstruction, 

269
clinical presentation and diagnosis

acute abscess and chronic sinus, 262
complicated and recurrent sinus, 262
MRI, 262

incidence, 261
location and management, 269
pathogenesis

acquired theory, 262
anatomic features, 262
embryologic origin, 261

spectrum, 269
treatment

acute abscess, 262
chronic sinus, 262–263
non-surgical approach, 263
protocol, goals, 262
recurrent/complex sinus, 266–269
surgical approaches, 263–266

PNE. See Percutaneous nerve evaluation
PNTML. See Pudendal nerve terminal motor 

latency
Polyarteritis nodosa, 585
Polyethylene glycol (PEG), 128, 587, 746
Polyps

adenomas
flat and depressed, 634–635
malignant, 632–634
rectal, 632

adenoma to carcinoma sequence, 628–629
epidemiology, 627–628
hamartomas, 637–638
hyperplastic, 635–636
inflammatory, 638
management, 629–630
presentation and diagnosis, 626–627
serrated, 635
sessile serrated, 636–637
surveillance, 630–631

PONV. See Postoperative nausea and 
vomiting

POP-Q. See Pelvic Organ Prolapse 
Quantification

Positron emission tomography (PET)
endoscopic evaluation, 807–808
image generation, 99
limitations, 99
liver metastasis, 789
rectal cancer, 762
use, 99–100

POSSUM. See Physiological and Operative 
Severity Score for enumeration of 
Mortality and Morbidity

Posterior sagittal anorectoplasty (PSARP), 
118, 835

Postoperative complications
adhesion prevention, 168–169
anastomotic

bleeding, 159
colorectal, risk minimization, 158
leaks, 159
malnutrition and immunosuppression, 

158–159
overhealing, 168

enterotomies and enterocutaneous  
fistulae

adhesiolysis, 157
CT scan and somatostatin analog, use, 

158
fibrin glue injection technique, 158
healing and recurrence rate, 158
peritonitis, 157

female infertility
pelvic adhesions, effect, 165
trapped ovary syndrome, 165–166

genitourinary
sexual dysfunction, 164–165
ureteral injuries, 162–164
urethral and bladder injuries, 164
urinary dysfunction, 164

intraabdominal abscess, 170
pelvic bleeding, 169
small bowel obstruction

elements, operation decision, 167–168
initial therapy and nonoperative 

management, 167
presentation and diagnosis, 166
radiographic studies, 166–167
special situations, 168

wound infection
dehiscence and necrotizing infection, 

170
oral antibiotic preparation, 169
perineal, 170–171
treatment, 170
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Postoperative management
adrenal insufficiency, treatment

hydrocortisone vs. glucocorticoids, 148
primary and secondary causes, 148
steroids, supraphysiologic dosing, 148

analgesia
epidural vs. PCA, 149
narcotics use, 148–149
NSAIDs, 149

fluid
requirement calculation, 139
resuscitation, 139
transesophageal Doppler monitoring, 

140
gastrointestinal recovery

early ambulation, 143–148
gum chewing use, 143
ileus, treatment and prevention, 

142–143
nasogastric tube use and early 

refeeding, 141–142
PONV, 140–141

hospital stay, duration, 137
perioperative morbidity and mortality, 137
prophylactic perioperative antibiotics, 

147–148
pulmonary complications

ambulation delay, 144
laparoscopic surgery benefits, 144
preoperative smoking cessation, 144

standardized fast track/enhanced recovery 
protocols

clinical care articles, 138
cost effectiveness, 139
elements, 137–138
implementation difficulties,  

138–139
multimodal, 137
post hospital services, 138
University Hospital-Case Medical 

Center, guidelines, 138
VTE prevention, 144–147

Postoperative nausea and vomiting (PONV)
economic and emotional costs, 141
Koivuranta score, evaluation, 140
pharmacologic therapies, 141
phenothiazine, scopalamine and 

metoclopramide, 141
risk factors, 140

Pouchitis, 473
Pouchoscopy, kock pouch/continent 

ileostomy
complications, 68
indications and contraindications, 67
preparation and positioning, 68
technique, 68

PPH. See Procedure for prolapse and 
hemorrhoids

PPNG. See Penicillinase-producing N. 
gonorrhoeae

Preferred provider organization (PPO), 850
Pre-operative autologous donation (PAD), 

131
Preoperative management

ambulatory surgery, 125
antibiotics

oral neomycin sulfate and 
erythromycin, 129

standard, elective colon resections, 
130

beta blockade, 131
bowel preparation

mannitol, 128
MBP role, colorectal surgery, 127–128
NaP solutions, 128
PEG lavage solutions, 128

DVT prophylaxis
anticoagulated patients, 130
heparin, use, 130
PE, 130
risk stratification, 130

endocarditis and prosthesis, prophylaxis, 
31

in-patient surgery
APACHE scoring system, 126
ASA classification, 126
cardiac and respiratory risk, 125–126
colorectal procedures, 127
current recommendations, 127
POSSUM, 127
scoring systems, 125

patient communication, 131
risk assessment, 125
transfusion and hematologic evaluation, 

131
trials and meta-analysis, 128–129

Presacral drainage, 443
Presacral tumors

anatomy and neurophysiology
anterior and posterior view, pelvic, 

359, 360
pelvic structures, relationship, 359, 

360
sacral roots and sacrectomy, 359

classification
anterior sacral meningoceles, 362
carcinoid tumors, 362
epidermoid, dermoid and 

enterogenous cysts, 360
lesions, presacral space, 359–360
sacrococcygeal chordoma, 361–362
tailgut cysts, 360
teratomas, 360–361

described, 359
diagnostic tests, 363
history and physical examination, 

362–363
preoperative biopsy

cystic lesion, 363
role and necessity, 363
transperineal/parasacral approach, 

363, 366
preoperative neoadjuvant therapy

advantages, 364–365
Ewing’s and osteogenic sarcoma, 

365–366
malignant neurogenic tumors, 366
pelvic, extremity and retroperitoneal 

sarcomas, 366
surgical treatment

aggressive approach, rationale, 
366–367

combined abdominal and sacral-
perineal approach, 368–370

congenital cystic lesions, 371
follow-up, 370
malignant lesions, 370–371
multidisciplinary team, 367
multidisciplinary team, role, 367
posterior approach, 367–368
preoperative considerations, 367
sacral level and approach, relationship, 

367
TRAM flap, 367

treatment results
congenital cystic lesions, 371–372
malignant lesions, 370–371

Procedure for prolapse and hemorrhoids 
(PPH)

anoscope and stapler, insertion, 192
circular and transanal stapler, use, 191
complications, 193
vs. excisional hemorrhoidectomy, 

192–193
indications, 191–192
purse string suture, 92

Proctocolectomy, 542
Program Directors Association (PDA), 897
Prophylactic oophorectomy, 716
Protected Health Information (PHI), 888
Pruritus ani

atopic dermatitis
fillagrin, 281
treatment, 281

classification, 277
coexisting anal disease, 282
contact dermatitis

patch testing, 280–281
sensitizing agents, 280

factors, list, 278, 279
fecal contamination, 278–279
food factors, 282
infection

bacterial, 280
fungal, 279–280
viral, 279

lichen sclerosus
description, 281–282
treatment, 282

localized itch syndromes, 278
neoplasms, 283
psoriasis, 281
psychological factors, 282–283
skin trauma, 283
steroid induced itching, 283
treatment

anal tattooing, 291–292
doxepin, 290
environmental factors, 289–290
skin atrophy, 290–291
symptoms, 290
topical steroids, 291

PSARP. See Posterior sagittal anorectoplasty
Psoriasis, 284, 285
PTEN tumor hamartoma syndromes

Bannayan-Riley-Ruvalcaba syndrome, 
655

Cowden’s syndrome, 654–655
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Pudendal nerve terminal motor latency 
(PNTML)

fecal incontinence evaluation, 312
measurements, 52
neurophysiologic test, 53–54

Pulmonary embolism (PE), 130

Q
Quality-adjusted life year (QALY), 921
Quinilone resistant N. gonorrhoeae (QRNG), 

297

R
Radiation colitis, 581–583
Radioembolization (REB), 794
Radiofrequency ablation (RFA), 794
Radiography

anorectal and rectovaginal fistulas, 246
indications, abdominal, 88

Radiology
abdominal plain films

diagnostic yield, 77
indications, radiograph, 77, 78
left lateral decubitus, use, 78
mucosal inflammation, 80
picture, 77
pneumatosis cystoides, 79
rectal foreign body, radiograph, 78
signs, diagnosis, 4
small and large bowel obstructions, 79
systematic diagnostic approach, 77

contrast studies
arteriography, 102–104
CT, 88–95, 97–98
CTE, 95–97
enemas, 82–88
Meckel’s scintigraphy, 101
MRI, 98–99
PET, 99–100
radionuclide imaging, 99
RBC scintigraphy, 100–101

Radionuclide gamma scintigraphy,  
colon, 58

Radionuclide imaging, 99
Radionuclide scintigraphy

blood transfusions, 412
oschner clinic, 413
TRBC scanning, 412

Radiopaque markers, 27–28
RAER. See Rectal anal excitatory reflex
RAIR. See Recto-anal inhibitory reflex
Randomized controlled trial (RCT), 912
RBL. See Rubber band ligation
Rectal adenomas, 632
Rectal anal excitatory reflex (RAER), 44
Rectal atresia

female defect, 832
male defect

description, 832
repair mechanism, 836

Rectal cancer
adjuvant/neo-adjuvant therapy

stage I, 775
stage II, 776

adjuvant radiotherapy, 736
adjuvant vs. neo-adjuvant therapy, 

776–777
ASCRS guidelines, 756
chemotherapeutic agents, 777
chemotherapy, 777–778
colorectal carcinoma, 756
endoscopic evaluation, 807
evaluation, 721
excision techniques

abdominoperineal resection, 750–752
coloanal anastomosis, 754, 755
ostomy, 753
perineal dissection, 753
sphincter preservation, 753–754
total mesorectal excision, 752

extended resection, 756
extrapelvic/metastatic disease, 770
hepatic/pulmonary metastasis, 761
IORT uses, 767–768
laparoscopically assisted resections, 

754–755
local and radical resection, 735
local and regional staging

DRE, 721, 722
ERUS (see Endorectal ultrasound)
MRI (see Magnetic resonance 

imaging)
local staging, 731
lymph node metastases prediction, 

738–739
metastases

CT, 725
FDG-PET, 725–726
neoadjuvant therapy, 726–727

multimodality therapy (see Multimodality 
therapy)

palliative care, 769–770
patient evaluation

colonoscopy, 744
history, 743
imaging, 744–745
physical and rigid sigmoidoscopic 

examination, 743
preoperative staging, 744

patient preparation
antibiotic prophylaxis, 746
bowel preparation, 745–746
clinical biology, 746–747
oral anticoagulation, 746
surgical anatomy, 746

preoperative evaluation and patient 
selection,  
762–763

radiation dose and timing, surgery, 777
radiation therapy, 776
radical resection vs. local excision, 755
salvage surgery, 736
scoring system, 739
serial imaging, 727
standard resection, 736
surgery

abdominoperineal resection, 766
bowel preparation, 765
cystectomy, 767
IORT suite, 765

patient positioning, 765
sacrectomy, 767
sphincter mechanism, 763

surgical procedures
distal and radial margins, 748–750
lateral lymph node dissection (see 

Extended lateral  
lymph node dissection)

nonoperative therapy, 747
therapy, selection, 750, 751
total mesorectal excision, 747–748, 

749
variability, 747

survival rate, 755
synchronous cancers, 756
transanal techniques

surgical principles, 732
TEM, 734–735
transanal excision, 732–733
transcoccygeal exision, 733, 734
transpphincteric excision, 733–734

treatment algorithm, 731–732
tumor biology, 761
tumor resectability

assortment, lucite tube, 763, 766
IORT suite, 763, 765
symptoms/findings, 763, 766
T3N0M0, 763, 764

Rectal injuries
anatomy, 441–442
epidemiology and diagnosis, 442
extraperitoneal, 442–443
foreign bodies, 445–446
genitourinary, 443
intraperitoneal, 442
operative management (see Rectal 

operative management,  
injuries)

organ injury scale, 442
retrorectal and presacral drainage, 442
stoma related complications, 444–445
wound management, 444

Rectal neoplasm assessment, ERUS
lesions

uT0, 109
uT1, 110
uT2, 110
uT3, 110
uT4, 110–111

nodal involvement
false-positive and negative results, 112
hypoechoic vs. hyperechoic lymph 

nodes, 111
metastatic lymph nodes, 

determination, 111
patterns, 112

Rectal operative management, injuries
associated injuries, 443
extraperitoneal

distal rectal washout, 443
fecal diversion, colostomy,  

442–443
presacral drainage, 443
repair and miscellaneous options, 443

historical perspective, 442
intraperitoneal, 442
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Rectal prolapse
abdominal procedures

Ivalon sponge/posterior mesh 
rectopexy, 556

rectopexy and sigmoid colectomy, 554
Ripstein procedure, 554–556

anterior mesh procedures, 556
colitis cystica profunda, 560
laparoscopy, 556–559
patient evaluation, 549–551
perineal procedures

mucosal sleeve resection, 552
rectosigmoidectomy, 551–552
Thiersch procedure, 552–553

recurrent prolapse, 559–560
solitary rectal ulcer syndrome, 560
surgical procedures, 551

Rectal repair, 442, 443
Recto-anal inhibitory reflex (RAIR), 43–44, 

51–52, 311–312
Rectobladder neck fistula, male defect

description, 831
repair mechanism, 836

Rectocele
described, 329
distension and displacement, 329
repair

transanal approach, 330
transvaginal approach, 330

Rectopexy, 554
Rectourethral fistulas

investigations, 238
operative treatment, approach

anterior trans-anorectal, 239
cystectomy and ileal conduit, 239
per-anal and Kraske laterosacral, 239
perineal, 239
transabdominal, 238–239
transanal endoscopic microsurgery, 

239
York Mason/trans-sphincteric, 239

pathophysiology, 238
symptoms, 238

Rectovaginal endometriosis
chronic pain/partial colonic obstructive 

symptom, 431
disk excision, 431
proctoscopic insufflation, 432
septum, 430
sigmoid vessel, 431
small superficial lesion, 430–431

Rectovaginal fistula
and anorectal (see Anorectal and 

rectovaginal fistulas)
secondary

Crohn’s disease, 253–254
cryptoglandular disease, 253
malignancy, 254
obstetrical injury, 253
radiation therapy, 254

Rectovesical fistula, 443, 444
Rectum

anatomic relations, 5
anorectal

angle, 12–13
ring, 12–13

spaces, 9, 10
arterial supply, 6
embrology (see Embrology)
fascial relationships, 5–6
innervation, 7, 8
Kohlrausch’s plica, 4
lateral curves, 4
mesorectum, 4–5
proctosigmoidoscopy, 4
rectal biopsies, 4
rectosigmoid junction, 4
urogenital considerations, 6
vascular pattern, 4
venous drainage and lymphatic drainage, 

6–7
Reimbursement process

hospital, 847
Medicare, 843–847
physician, 847–849

Residency Review Committees (RRC), 893
Rhomboid flap technique

complication and recurrence rates, 266
drains, use, 267
Limberg, 266
recalcitrant pilonidal disease, 267
rhomboid flap vs. surgical excision, 267

Rigid proctosigmoidoscopy
complications, 66
contraindications and preparation, 65
indications, 65
positioning, 65
sizes, 65
technique, 65–66

Rigid sigmoidoscopic examination, 743
Ripstein procedure, 554–556
Robotic colorectal surgery, 615–616
Rubber band ligation (RBL)

anoscopic examination, 183
blood per rectum and anticoagulation, 

184
complications, 185–186
endoscopy and disposable instruments, 

184
fibrotic reaction, 183
grasping instrument and band, use, 

183–184
McGivney and McGown type suction 

ligators, 184
multiple treatment sessions, 186

S
Sacral nerve stimulation (SNS)

bowel dysfunction, 542–543
complications and benefits, 316
neuromodulation results, 316, 317
PNE, 315
purpose, 315–316

Sacrococcygeal chordoma
distribution, 361
symptoms and diagnosis, 362

Sacrocolpopexy, 331
Salmonella choleraesuis, 566
Salmonella typhi, 566
SBO. See Small bowel obstruction
SCDs. See Sequential compression devices

Scintigraphy
Meckel’s, 101
RBC, 100–101

Scleroderma, 586–587
Sclerotherapy, 187
Secca® procedure

CCF-FIS, 314
fecal incontinence treatment, 314
patient selection, 313–314
radiofrequency use, 313

Segmental colon resection, 542
Self-expanding metal stents (SEMS), 770
Sentinel node assessment, 717
Sequential compression devices (SCDs), 145
Serrated polyps, 635
Sessile serrated adenomas (SSAs), 636–637
Sexually transmitted diseases (STDs)

anal canal, anoderm and perianal skin 
infections, 295

anorectal immunology
failure, mucous complex, 296
HIV, 295–296
Langerhan’s/denditric cells, 295

bacterial pathogens, diagnosis and 
management

chancroid, 299
chlamydia/LGV, 297–298
gonorrhea, 296–297
granuloma inguinale/donovanosis, 299
syphilis, 298–299

diagnosis and treatment challenges, 295
viral pathogens, diagnosis and 

management
anal intraepthelial dysplasia, HPV and 

anal cancer, 302–303
HIV and AIDS, 303–305
HPV, 301–302
HSV, 300–301
molluscum contagiosum, 303

Shigella, 565–566
Sigmoid colectomy, 554
Sigmoidoscopy, 693–694
Sigmoid volvulus

diagnosis
barium enema study, 397
endoscopic confirmation, 397
plain abdominal X-ray, 396–397

epidemiology, pathogenesis
geographic variation, 396
intramural and submucosal plexuses, 

396
psychoactive medications, 396

treatment and outcome
anastomosis vs. Hartmann’s 

procedure, 399
colonoscopy, 398
endoscopic decompression, 397
morbidity and mortality, 399
non-resectional techniques, 398
nonviable bowel risks, 397
percutaneous endoscopic colostomy 

(PEC), 398
pregnant patients, 399

Single-incision colectomy, 616
Sitz baths, 181–182
Skin trauma, 283
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Small bowel obstruction (SBO)
CT use, evaluation

advantages, 93–94
diagnostic criteria, 94
hernias identification, 94
ischemia presence, 94

initial therapy and nonoperative 
management

abdominal examinations, 167
standard vs. long nasoenteric tube, 167
urinary catheter, 167

operation, decision making
laparotomy, 167
partial and complete, distinguishing, 

167
surgical technique, 167–168

presentation and diagnosis, 166
radiographic studies

contrast, 166–167
CT scan, 166
plain radiographs, 166

special situations
anastomotic overhealing, 168
early postoperative, 168

Small intestinal overgrowth syndrome 
(SIBO), 544

SmartPill®, 58, 538
SNS. See Sacral nerve stimulation
Soave procedure, 827
Society of American Gastrointestinal  

and Laparoscopic Surgeons 
(SAGES), 895

Sodium-coupled monocarboxylate transporter 
(SMCT1), 25

Sodium phosphate (NaP), 128
Solitary rectal ulcer syndrome (SRUS), 560
Somatostatin receptor scintigraphy (SRS), 

815
Sphincter relaxants, anal fissure

phosphodiesterase inhibitors
BT, 208–210
in vitro effect, 208

preparations, 205
topical nitrates

adrenergic antagonists, 208
calcium channel blockers, 207–208
cholinergic agonists, 208
IAS, 205
isosorbide dintirate, 206–207
l-arginine, 207
LIS, GTN and NTG, 205–206
NTG and GTN ointment, dosage, 205
randomized trials, nitroglycerine 

therapy, 205–206
recurrence rates, 207

Squamous cell carcinomas (SCC), anal canal
chemoradiation therapy

cisplatin vs. mitomycin C, 347
5-FU plus mitomycin C, combination 

results, 346
inguinal node metastasis, 

management, 347
mitomycin C role, 347

clinical characteristics, 344
evaluation

CT, MRI and PET scans, 345

physical examination, 345
sentinel lymph node biopsy, 345
ultrasound, 345

follow-up, 347
group, 344
radiation therapy

brachytherapy, 346
response, dose-dependent, 346

staging
lymphatic drainage, 345
mesenteric and positive lymph nodes, 

345
nodal metastasis, risk, 345
TNM, 338, 345

surgery, 345–346
Stapled hemorrhoidopexy

anoscope and stapler, insertion, 192
circular and transanal stapler, use, 191
complications, 193
vs. excisional, 192–193
indications, 191–192
purse string suture, 192

Statewide Planning and Research Cooperative 
System (SPARCS), 918

STDs. See Sexually transmitted diseases
Steroid-induced itching, 283
Stevens–Johnson syndrome, 589
Stomal irrigation and continence, 529
Stoma reversal, 529–530
Strongyloides stercoralis, 573
Superior hemorrhoidal artery (SHA), 752
Suprasphincteric fistula-in-ano, 226
Surgical Care Improvement Program (SCIP), 

911, 922
Surgical Council on Resident Education 

(SCORE), 897
Surgical education

challenges
federal payment, 896
Medicare, 897
regulations, 895–896
restrictions, 896

cognitive learning
ACGME competencies, 894
curriculum, definition, 893
curriculum, standardization, 893
M&M conference, 894

colon and rectal surgery, 897–898
Halsted model, 893
technical skills, 894–895
transformational change, 893

Surgical management, acute diverticulitis
indications, 384
intra-abdominal abscess

elective operation, 384
Hinchey class II, 384
incidence, 384
percutaneous drainage, 384

options, 383
procedures

Hartmann reversal, 385
non-operative, 385
one-stage and two-stage approaches, 

385
primary anastamosis vs. Hartmann, 

385

two-stage disadvantages, 385
recurrence after resection, 386
resection, complications

anastomotic leaks, 385–386
colocutaneous fistula and strictures, 

386
colon and rectal surgery, 386
predictors, 385
ureteral injuries, 386

two-stage and three-stage approach, 
383–384

Surveillance Epidemiology End Result 
(SEER), 918

Sustainable growth rate (SGR), 846, 849
Swedish Rectal Cancer Trial (SRCT), 776
Synchronous lesions, 707–708
Syphilis

diagnosis, 298–299
primary and secondary stages, 298
solitary and multiple anal chancres, 298
spirochetes, 299
treatment, 299

Systemic chemotherapy (SCT), 794
Systemic lupus erythematosis, 586
Systemic therapy, 816

T
TABS. See Transabdominal bowel 

sonography
Taenia solium, 574
Tailgut cysts, 360
Teratomas, 360–361
THD. See Transanal hemorrhoidal 

dearterialization
Thiersch procedure, 552–553
Thiopurine methyltransferase  

(TPMT), 466
Three-dimensional (3D) ultrasound,  

119–120
Through-the-scope (TTS), 457–458
Thymidylate synthase (TS), 709
Tissue interposition, rectovaginal fistulas

bioprosthetics, 252
bowel, 252
considerations, 250–251
labial fat pad/bulbocavernous muscle, 

251–252
muscle, 252

Toileting behavior, hemorrhoids  
patients, 181

Total mesorectal excision (TME)
surgical procedure, 747–749
technique, 752, 753

Total pelvic mesh repair (TPMR),  
331, 332

Toxic epidermal necrolysis (TEN), 589
TPMT. See Thiopurine methyltransferase
Transabdominal bowel sonography (TABS), 

456–457
Transabdominal rectus abdominus 

myocutaneous (TRAM), 367
Transanal endoscopic microsurgery (TEM)

local excision, evaluation, 737–738
multivariate analysis, 737
transanal technique, 734–735
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Transanal hemorrhoidal dearterialization 
(THD)

HAL technique, 193
safety and effectiveness, grade II and III, 

194
specialized anoscope and Doppler 

ultrasound probe, 193–194
Transsphincteric fistula-in-ano, 226
Transverse colon and splenic  

flexure volvulus
diagnosis, 404
epidemiology, pathogenesis, 404
treatment and outcome, 404

Treponema pallidum, 298, 568–569
Trichuris trichiura, 573–574
Trypanasoma cruzi, 572
TTS. See Through-the-scope
Tumor budding, 705
Tumor cell dissociation (TCD), 738
Turcot’s syndrome, 646

U
UC. See Ulcerative colitis
Ulcerative colitis (UC)

Brooke ileostomy
operative technique, 481–482
postoperative complications, 482

comparative studies, laparoscopic 
resection

preoperative treatment effect, 
postsurgical complications

IPS, 473
proctitis, 470–471
severe and fulminant extensive 

treatment
AZA/6-MP, 472
cyclosporine, 472
defined, 471
infliximab, 472
tacrolimus, 472
severity assessment, 454
surgery indications, 472–473

continent ileostomy
operative technique, 482–483
postoperative complications, 483–484

described, 470
distal, 471
emergency vs. elective procedures, 

480–481
extensive, 471
GI symptoms

backwash ileitis, 452
diarrhea, rectal inflammation and 

constipation, 452
toxic megacolon, 453

IBDU, 491
ileorectal anastomosis, 484
IPAA

HAL, 485
mucosal stripping, 486
mucosectomy, 487
postoperative complications,  

489–491
loop ileostomy, 493
maintenance therapy, 472
mild-to-moderate extensive, 471
pathology

dysplasia, 458–459
gross features, 458
histopathologic features, 458
rectal sparing, 458

preoperative treatment effect, postsurgical 
complications

infliximab, 473
pouchitis, 473

severe and fulminant extensive treatment, 
471–472

surgical indications, 479–480
Ultrasmall superparamagnetic iron oxide 

(UPSIO), 724
Ultrasound, IBD evaluation, 456–457
Uncommon anal canal and perianal 

neoplasms
adenocarcinoma

surgery and chemoradiation, role, 348
types, 348

BCC
basaloid carcinoma, differentiation, 

350
incidence and etiology, 349–350
wide local excision, treatment, 350

GIST
identification, 349
treatment, 349

melanoma
characteristics, 348
cytotoxic chemotherapy and radiation 

therapy, 349
surgical management, 348–349
symptoms, 348

Paget’s disease
adjuvant chemoradiation therapy, role, 

351
cells, origin, 350
groups, 350
mammary and extramammary, 

histologic features, 351
patients, invasive component, 351
preoperative mapping, 351
symptoms, 350
treatment, 351

small-cell carcinoma/neuroendocrine 
tumors, 349

verrucous carcinoma
condylomatous features, 351
symptoms, tissue erosion and necrosis, 

351–352
treatment, 352

Upper gastrointestinal disease, 511
Upper gastrointestinal polyposis, 649
Ureterosigmoidostomy, 680

V
Vaginography, 246
Vasculitis and connective tissue disorders

Behcet’s disease, 586
Henoch-Schonlein purpura (HSP),  

585–586
polyarteritis nodosa, 585
scleroderma, 586–587
systemic lupus erythematosis, 586

Venous thromboembolism (VTE) prevention
aspirin, 145
duration, 146–147
elastic stockings and SCDs, 145
fondaparinux, 146
LDUH, 145–146
LMWH, 146
prophylaxis and epidural analgesia use, 

146
risk factors, 144–145

Vestibular fistulas
description, 832
repair mechanism, 836–837

Video-assisted thoracoscopic surgery  
(VATS), 794

Viral enteritis/colitis
Cytomegalovirus, 570
herpes simplex virus proctitis, 570

Visceral hypersensitivity, 544
Vitamin D, 674
V-Y flap, 268

W
Whitehead hemorrhoidectomy, 189–190
Wireless capsule endoscopy (WCE), 458

Y
Yersinia, 566–567

Z
Z-plasty, 266, 268, 269
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