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Preface 

When I wrote and published the first edition of Advanced Laparoscopic Surgery 
“Techniques and Tips” in 1998, I wanted to share with all general surgeons, residents, 
attendings and senior faculty alike the experience that I accumulated in laparoscopic 
surgery over a period of 10 years. I knew at the time that the biggest hurdles for a wide 
adoption of advanced techniques were the specialized surgical skills involved, including 
laparoscopic suturing. The chapters included the procedures that were performed rou-
tinely and for which there was evidence to support the practice of the techniques. The 
continued success of the book after it was translated into Spanish and its widespread sale 
even in Asia confirmed that I was correct in my assumptions. My greatest satisfaction 
was that the “red book”, as it became known, was on the shelf of most surgical residency 
program libraries. In 2008, 10 years later and 20 years following my first laparoscopic 
cholecystectomy, I embarked on another big project, namely to write the second edition. 
For this book, I deleted procedures that were abandoned, such as laparoscopic spine 
fusion, but added all the newest procedures, including laparoscopic ventral hernia repair, 
laparoscopic hepatectomy, and a large chapter on laparoscopic bariatric surgery includ-
ing gastric bypass, gastric band and sleeve gastrectomy. I also ensured that the newest, 
most innovative techniques were presented, such as laparoscopic single access surgery, 
and of course advanced laparoscopic suturing , the Holy Grail of advanced laparoscopic 
surgery, a skill without which advanced laparoscopic training remains incomplete.

I did not forget the rest of the GI procedures, many of which were redone, and color 
figures were added. Another new feature is the inclusion of 2 DVDs of some of my tech-
niques so readers can get a more “live” idea of my concepts.

I hope that I have reached the ambitious goals that I set forth in this “blue book”: 
complex laparoscopic techniques made simpler and upheld by surgical excellence.

Los Angeles, February 14, 2010 	 Namir Katkhouda, MD, FACS
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Before commencing any laparoscopic procedure it is of paramount importance to go 
through a checklist to ensure the working environment is as comfortable as possible. 
Working from monitors creates an unnatural and abstract environment that requires 
manual skill, concentration, and coordination of hands and brain; hence it is crucial that 
the surgeon be comfortable to allow optimum technical performance.

The Team

A successful laparoscopic program is dependent on harmonious interaction within the 
surgical team. Whenever possible the nursing staff should be dedicated to the laparoscopic 
surgical program. Only then they will be able to excel in all aspects of the procedure, both 
technical and medical. The circulating nurse should work in harmony with the scrub tech-
nician and both should observe procedures carefully to allow them to anticipate problems 
and preempt the surgeon’s requests. This also requires knowledge of the instruments, their 
functions, and construction in order to replace or repair instruments when necessary.

It is also important that both the scrub technician and the circulating nurse have a 
basic knowledge of video imaging to be able to connect and disconnect TV monitors and 
video recorders, and to assist if problems arise with the imaging system. In the ideally 
staffed operating theater, a third dedicated technical support person is responsible for 
maintenance of the sophisticated electronic equipment.

The team is created by selecting committed individuals from the surgical staff, 
teaching them the basic principles of laparoscopic procedures, and providing access to 
the laboratory for familiarization with procedures and their technical considerations. It 
is usually too late to begin the teaching process when an advanced procedure is about to 
begin; the whole surgical scenario should have been rehearsed earlier.

The Checklist 
Approach
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After completion of basic training in laparoscopic surgery, it is beneficial for nurs-
ing staff to attend focused courses. In educational terms, courses intended for nurses and 
those offered for surgeons can be equally useful.

Following training, it is important to have checklists in the operating room, preferably 
fixed to the TV monitor, to which nursing staff can refer before and during preparation of 
the patient. Members of the nursing team should work in harmony, providing understand-
ing and support for each other. The circulating nurse should never leave the operating room 
without the knowledge and approval of the scrub technician, or more importantly, the sur-
geon. The surgeon is dependent on the environment, and should an operative problem occur 
in the absence of the circulating nurse, the smooth rhythm of the operation is threatened.

More than one nursing team should receive appropriate training so that a back up 
team is always available.

The surgical assistants should also have appropriate training and the above remarks 
apply equally to this group. They should clearly understand the different steps of the 
procedure to facilitate a flawless operative process. They should also be taught about 
potential incidents and complications and be briefed as to what course of action to take.

An advanced surgical procedure will proceed smoothly only if the surgical environ-
ment is right. It is the surgeon’s responsibility, as team leader, to ensure that all team 
members have been adequately trained and prepared.

The Instruments

The instruments, the camera, and the video imaging system should all be checked prior 
to beginning an operation, to ensure that all wiring is connected correctly and all instru-
ments are ready for use. This should be completed preferably half an hour prior to bring-
ing the patient back to the operating room.

Surgeons involved in laparoscopy will each have their preferred list of instruments. 
This may vary from the standard laparoscopic set which comes in basic and advanced 
versions:

�� The minimum basic set usually consists of trocars, a Veress needle, one right- angle 
hook, one spatula, one 5 mm dissector, one electrical scissors, one 10 mm Babcock 
clamp, one cholangiogram clamp, two atraumatic 5 mm graspers, one right- angle dis-
sector, one ratchet grasper, one clip applier, and 0 and 30° 5 or 10 mm laparoscopes.

�� The advanced set should include more trocars, two needle holders, two 10 mm Babcock 
clamps, one 10 mm right-angle dissector, microscissors, sharp scissors, two or three 
atraumatic graspers, clip appliers (medium and large), laparotie absorbable clips, one 
needle nose grasper, and harmonic shears.

The basic and advanced trays can naturally be tailored to suit the team’s preference, but sets 
should be standardized to avoid confusion and to make instrument selection and prepara-
tion as cost effective as possible. Other specific items needed for a particular procedure 
should be considered in advance, such as a bag for retrieval of large organs like the spleen. 
Zero- and 30° 5 and 10 mm laparoscopes should always be available, and an extra camera 
should be kept in the operating room in case of a technical problem with the original.
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There are two basic types of setup, one for upper abdominal surgery and another for 
lower abdominal surgery.

Setup for Upper Abdominal Surgery

There are two options for laparoscopic cholecystectomy, with modifications for the vari-
ous advanced laparoscopic procedures.

 Basic Laparoscopic Cholecystectomy. For laparoscopic cholecystectomy the patient 
is placed in a supine position, with a monitor on each side of the patient at the shoulders.

�� The “American” position of the patient. The surgeon stands on the left side of the 
patient facing a monitor, with the camera assistant to the left of the surgeon. The first 
assistant is opposite the surgeon on the right side of the patient. The scrub technician 
will be standing to the right of the first assistant, opposite the surgeon, allowing him 
or her to hand across instruments appropriately (Fig. 1.1a).

�� The “French” position of the patient. The patient can alternatively be positioned with 
legs spread, the surgeon standing between the legs (inverted Y position). The monitors 
are on each side of the head of the patient, the camera assistant at the surgeon’s right, 
and the first assistant at the left (Fig. 1.1b). The scrub technician stands at the right side 
of the surgeon next to the camera assistant. A Mayo stand can be used to position the 
preferred instruments on the surgeon’s right side, where they are easily accessible.

The surgeon should also be able to see vital parameters such as blood pressure, pulse 
rate, cardiac, and end tidal CO2 monitoring.

The room therefore should be sufficiently large to allow a virtual division into three 
sections: one for the anesthesiologist and his or her instrumentation, one for the patient 
and TV monitors, and the third section for the instrumentation of the scrub technician.

 Setup for Advanced Upper Abdominal Surgery. For all upper gastrointestinal 
operations the surgeon ideally stands between the patient’s legs, facing a TV monitor, 
with the first assistant to the right and the camera assistant to the left of the patient 
(Fig. 1.2). This enables the surgeon to have a straight view of the relevant TV monitor. A 
Mayo stand for the surgeon’s instruments is usually placed to the surgeon’s right. The 
scrub technician stands to the left.

For laparoscopic splenectomy the patient is positioned at 60°, using a bean-bag to 
elevate the left side, with the surgeon standing on the right side of the patient facing a left 
upper monitor. The first assistant is opposite the surgeon on the patient’s left. The cam-
era assistant ideally stands to the left of the surgeon, in which case the scrub technician 
stands next to the first assistant. The positions are discussed in more detail in the chapter 
on splenectomy.

It is very important when installing a patient for an advanced upper abdominal 
procedure to avoid deep venous thrombosis. The patient’s legs are spread, the thighs 
extended to avoid a conflict between the knees of the patient and the hands of the 
surgeon, and the ankles comfortably padded with the use of leg squeezers.

Patient 
Positioning
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Fig. 1.1   Conventional setups for laparoscopic cholecystectomy: (a) the “American” position, 
and (b) the “French” position. S surgeon; FA first assistant; SN scrub nurse; CA camera assistant

b

a
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Setup for Lower Abdominal Surgery

For noncolorectal procedures the patient can be placed in a supine position without 
spreading the legs. In colorectal procedures the patient is placed in a modified Lloyd 
Davies position with the legs spread. An important aspect here is to make sure that the 
surgeon can circulate freely, and is able to move from one side of the patient to the other 
without obstruction from the instrumentation table, or electrocautery, or suction devices.

The monitor is positioned at the feet of the patient for hernia procedures (Fig. 1.3), 
but for a laparoscopic appendectomy the monitor is placed at the right side of the patient 
with the surgeon facing the TV monitor (Fig. 1.4). For left sided colorectal procedures, an 
additional monitor is placed at the patient’s left shoulder to allow surgeon visualization 
when the splenic flexure of the colon is mobilized (Fig. 1.5). The same applies for the 
right colon and its hepatic flexure, where the monitor should be near the patient’s right 
shoulder (Fig. 1.4).

For laparoscopic hernia repair, it is advised to tuck in both the patient’s arms and 
prepare the patient so the surgeon can alternatively stand on the left or the right.

For laparoscopic appendectomy, the left arm of the patient should be tucked in to 
allow the surgeon and assistant to stand comfortably on the left side.

Fig.  1.2   Conventional setup for upper GI surgery. S  surgeon; FA  first assistant; CA camera 
assistant
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Fig. 1.3   Conventional setup for a hernia repair. S surgeon; CA camera assistant

Fig. 1.4   Conventional setup for appendectomy and work on the right colon. S surgeon; 
FA first assistant; CA camera assistant
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Laparoscopy is performed in a closed abdominal cavity where space is limited. 
Tilting the operating table so that gravity provides natural retraction by pulling the 
intraabdominal organs to the lower side can increase available space significantly. It 
should be possible to position the patient in Trendelenburg or reverse Trendelenburg 
with either the right side or left side up depending on the procedure, and it is therefore 
important to use an appropriate table to allow such maneuvers. Some old tables are obso-
lete and it is worthwhile investing in a modern electrical operative table if one is to 
embrace advanced laparoscopic surgery.

Laparoscopic surgery demands great concentration. It is therefore important for the 
operating room to be quiet when the surgeon is performing laparoscopic surgery, espe-
cially in advanced cases involving knot tying.

The abdomen is a closed unit and the working space is a virtual one that has to be 
created and maintained (Fig. 1.6a–c). The working space can be increased by means of 
various maneuvers such as tilting the patient – head up or head down, right side up or left 
side down – where gravity is used to displace adjacent organs from the operating site.

In upper abdominal operations the working space is created by positioning the patient 
head up to allow the stomach, the colon, and the omental fat to drop down. For hernia repair 
the patient is placed in a steep Trendelenburg position, so that the small bowel is similarly 
moved up to free the pelvic area. For colon surgery and appendectomies working space can 
be created in the same manner, with the addition of lateral tilting of the table to move the 

Fig. 1.5   Conventional setup for left colectomy and low anterior resection. S surgeon; FA first 
assistant; CA camera assistant. Arrow indicates movement of monitor

The Working 
Environment
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small bowel away from the operative site. The splenectomy technique also involves creation 
of working space, with the patient being positioned head up, left side up allowing the stom-
ach and the colon to fall to the right side, giving access to the left hypochondrium.

During a laparoscopic procedure for small bowel obstruction, the same effect can 
be achieved by tilting the patient to the side opposite the presumed site of the obstruc-
tion as indicated by the preoperative physical examination and abdominal plain films.

The working space concept is especially important upon inserting the laparoscope. 
If the working space is severely limited, as, for example, with small bowel obstruction, it 
is easy to injure the bowel with placement of the first trocar. For this reason, flexibility in 
the choice of trocar insertion sites is recommended, following the simple principle of 
triangulation that governs all trocar insertions.

If the maximum pressure of 15 mmHg is reached with a flow of less than 2 L of CO2 
upon insertion of the first trocar, one should convert to an open procedure as this indi-
cates that there will not be adequate working space due to the distended bowel.

Fig. 1.6  (a–c) The “working space” concept. (a) Inadequate working space, (b) ideal 
working space, and (c) safe entry site of the laparoscope in the case of small bowel 
obstruction

a

b

c
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The working space concept also explains difficulties of working in a gasless envi-
ronment where the shape of the abdomen, once retracted with a gasless device, is not 
round but more trapezoidal (Fig. 1.7). This does not provide adequate working space, 
and is one of the reasons for which gasless laparoscopy has been abandoned.

Trocars

 Choosing an Appropriate Trocar. There is no ideal trocar size. Ten-millimeter trocars 
are recommended for most advanced procedures as they allow flexibility and use of 
different diameters of scissors, clip appliers, and other instruments. Advanced surgeons 
can also use 5  mm trocars for advanced cases to improve cosmesis but the 5  mm 
instruments tend to be less blunt and possibly more traumatic than larger 10  mm 
instruments when used to dissect planes.

The 5 mm trocars are routinely used for basic laparoscopic cholecystectomies, lap
aroscopic hernia procedures, and laparoscopic appendectomies. These smaller trocars 
leave barely visible marks and are ideal as supplemental trocars whenever needed in any 
advanced procedure.

There has been a recent trend towards the use of smaller trocars, even for advanced 
procedures. Microlaparoscopy has also been offered as an option in selected cases using 
2–3 mm trocars.

There is some discussion over the issue of disposable vs. nondisposable trocars, but 
the author’s preference is for the disposable variety. These have safety shields, and if they 
are manipulated appropriately they will serve their purpose and intraabdominal injuries 
can be avoided.

 Disposable Trocars. The critical maneuver when inserting disposable trocars is to 
retract the abdominal wall manually, to increase the distance between the abdominal wall 
and the intraabdominal organs, and to create a virtual space that is otherwise absent. If 
this is not done, the trocar will push the abdominal wall during insertion and may injure 
intraabdominal organs and even major vessels such as the aorta (Fig. 1.8). Disposable 
trocars should be held firmly in the palm and not in a pencil fashion as advised by some 
companies. Most of the force should come from the shoulder and not the forearm.

Fig. 1.7  Comparison of (a) pneumoperitoneum, created with a Varess needle, and (b) gasless 
laparoscopy. S surface

Appraisal 
of Surgical 
Instruments
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A conical blade shape is a better choice than a pyramidal shape because it pushes 
the tissue upon insertion and avoids laceration. The general movement of insertion is a 
slight clockwise screwing motion with very little pushing of the right hand, and fixation 
by the left hand, as shown in Fig. 1.8.

 Nondisposable Trocars. These are now rarely used in the United States due to concerns 
over blood-borne pathogens, although they are still in use in European and other countries. 
To avoid herniation, a “Z” entry of the fascial layers was promoted by Kurt Semm (Fig. 1.9).

 Optical Viewing Trocars. The optiview trocars have the advantage of allowing entry 
into the abdomen under direct laparoscopic guidance. In theory this should avoid the 
injury of superficial vessels crossing the fascia, and provide awareness of penetration of 
the peritoneal cavity. This is a useful advantage. The author’s preference goes to these 
types of trocars, as they enhance safety during their insertion.

Fig. 1.8  Creation of working space in the abdomen
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Fig. 1.9   “Z” entry of the fascial layers with a nondisposable trocar

Fig. 1.10  Safe insertion of a trocar while exerting countertraction and using the finger to limit 
the thrust
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 Prevention of Accidents with Trocars. It cannot be overemphasized that caution is 
essential to avoid injuries when using any kind of trocar. The surgeon should be very 
cautious not to insert the full length of the trocar, and always to keep at least half of the 
shaft outside the abdomen until a laparoscope is inserted and the intraperitoneal space 
is visualized. It is safer to have a trocar stuck midway in the fascia than midway in an 
abdominal organ. After palming the trocar, a finger is placed above the tip to act as an 
additional safety measure (Fig. 1.10). A useful tip is to insert the video laparoscope in the 
trocar if the localization of the trocar and the intraabdominal situation is not clear. One 
can then check whether the trocar is still in the fascia and muscles. This works on a 
principle similar to the optical viewing trocar.

 Triangulation of Trocars. It is also noted that the trocars are not only inserted at a 90° 
angle to the camera, but may also point in a triangular fashion towards the target inside 
the abdomen (Fig. 1.11 dotted lines) (double triangulation).

Fig. 1.11  Double “triangulation” during trocar insertion
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Other Instrumental Requirements

 Laparoscopes. It is often said that the 30° laparoscope should be reserved for use by 
the “professional” laparoscopic surgeon, while the 0° laparoscope is the best choice for 
the “amateur” laparoscopic surgeon. This is not always true! There are some major 
differences between the two types which dictate their ideal usage:

�� The 0° laparoscope has a bright picture with a large panoramic view. Its vertical lens 
has less contact with intraabdominal organs and therefore does not dirty as quickly.

�� In contrast, the 30° instrument has a less bright picture and more limited image width. 
It also has the disadvantage of getting dirty more often, especially in an obese patient, 
because of the special angle of the lens which often rubs on the intraabdominal fat. Its 
use also requires more skill from the camera operator.

On the other hand, a major advantage of the 30° scope is that it allows the visualization 
of structures and vision of angles that are not possible with a 0° laparoscope, and this is 
especially true for advanced laparoscopic procedures.

It is recommended that both types of cameras be available, allowing the surgeon to 
begin with the 0° one and switch to the 30°. The 30° laparoscope is also recommended for 
surgery on organs that have special requirements, such as laparoscopic splenectomy, 
especially for control of the hilar vessels.

As a rule of thumb, a 30° scope is probably more useful than a 0° type. We have also 
used a 45° laparoscope during obesity surgery when a critical view of the gastrojejunos-
tomy is required. All laparoscopes should be kept warm ready for use, and for this pur-
pose a special Thermos bottle is a very useful investment. The habit of using a “Fred” 
device to defog a laparoscope is not based on any scientific data. It is known that the 
single most important factor to avoid fogging is to keep the temperature of the laparo-
scope the same as the intraabdominal temperature. This is best done by leaving the 
unused laparoscope in a Thermos bottle with very warm water. It is also advisable to 
start the case with a warm laparoscope to avoid fogging and hence time wasted in 
defogging.

It is also advisable to make sure that the room temperature is adequate, especially 
when performing long advanced laparoscopic procedures. There will be a tendency for 
the laparoscope to cool down and fog every time it is cleaned or taken out of the abdo-
men. This should be explained to the scrub technician, the circulating nurse, and the 
camera assistant.

Laparoscopes should be checked frequently to ensure they are in proper working 
order. Lenses should not be cleaned with rough materials, such as standard surgical gauze.
Appropriate smooth gauze should be used and will protect the laparoscope and gentle 
handling is necessary so as not to bend the telescope. A breakdown of the lenses inside the 
laparoscope will hinder vision and detract from the quality of the video recording.
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 Cameras. Two parameters dictate the quality of a camera:

�� Definition and contrast
�� Natural color discrimination and reproduction

It is very difficult to give advice on the most appropriate camera, but it is the author’s 
opinion that standard “single-chip” cameras are not suitable for advanced laparoscopic 
surgery. The definition and color analysis is not sufficient for delicate structures.

“Three-chip” cameras have better color definition but they are currently more 
expensive and are heavier. A lightweight three-chip (3CCD) high-definition 1080p cam-
era is ideal (Karl Storz, Tuttlingen, Germany). Light-carrying cables should be checked 
regularly to ensure that all the fiber optics contained in the cable are still function-
ing  and not broken, otherwise the amount of light brought to the camera will not 
be  sufficient and vision will be hindered. This is the most common problem with 
light cords.

There are two basic techniques for creating pneumoperitoneum. One is an open surgical 
technique using a Hasson trocar; the other is a closed technique using a Veress needle. 
Each method has advantages and disadvantages. The author personally uses the closed 
technique with a Veress needle, and in more than 20 years of advanced laparoscopy per-
forming several thousand procedures, the author has experienced only one injury (on a 
distended stomach on his third laparoscopic case in 1989).

When a Veress needle is used, the author recommends that a nasogastric tube be 
inserted into the stomach and the stomach deflated so as to avoid puncture. When per-
forming lower abdominal surgery it is also important to insert a urinary catheter. A small 
incision is made in the umbilicus. The skin around the incision is grasped with one hand 
and lifted up, and the Veress needle is then slowly inserted. Care is needed to make sure 
that the red line of the Veress needle (when using a disposable version) appears during 
fascial penetration; a sudden disappearance of the red line is accompanied by a noise that 
will indicate that the needle is in the abdomen. If the needle is not in the virtual abdominal 
space but is in a fatty intraabdominal deposit, the red line will move up and down indi
cating incorrect placement of the needle. In all cases a confirmatory test should be per-
formed using saline or preferably an empty syringe. An empty 10 cm3 syringe fixed on the 
needle is first aspirated to make sure that there is no intraabdominal fluid coming from the 
needle – such as blood, bowel content, or bile. Ten cubic centimeter of air is then injected 
into the peritoneal cavity; if it cannot be aspirated back the injected air must have diffused 
into the cavity and the needle is properly placed. If the injected air comes back into the 
syringe the needle is not in the peritoneal cavity, and so it should be pushed a little 
further.

It is imperative not to insert the full length of the needle, and to perform the syringe 
test before hooking up the tubing of the CO2 tank. When the needle is correctly placed, 
the CO2 tubing is attached to the needle and insufflation can begin. A low gas flow (or no 
flow) with high pressure indicates that the needle is not in the abdomen. At this point the 
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CO2 should be discontinued and the position of the needle should be checked again. It is 
advisable to change the position of the needle using the same skin incision but in another 
direction. It is also possible to change from the umbilical site to the left upper quadrant 
(Palmer’s point). After three failed attempts, the general rule is that one should convert 
to an open laparoscopy procedure using a Hasson trocar.

An open laparoscopy technique requires a small fascial incision. The two edges are 
then grasped and sutures placed in the fascia. The Hassan open trocar is inserted under 
direct vision and the ties secured to the trocar.

Direct closed laparoscopy with the insertion of a trocar without pneumoperitoneum 
(not to be confused with gasless laparoscopy where no trocars are used at all), as advocated 
by some gynecologists, is dangerous and should never be used under any circumstances.

Troubleshooting Loss of Pneumoperitoneum

Occasionally during a laparoscopic case, the surgeon may feel that there is no working 
space. Usually this is secondary to loss of pneumoperitoneum. The knowledge and 
interpretation of the indicators on the insufflation unit will determine the origin of the 
problem and how to address it. Here are explanations of several common scenarios:

1.	 Pressure higher than 15 mmHg
(a)	Patient is not fully paralyzed or is waking up during the surgery
(b)	Pressure is set higher than 15 mmHg
(c)	The trocar valve is closed or there is a kink in the tube
2.	 Pressure is lower than 15
(a)	The flow is 0

i.	 Gas tank is empty
(b)	The flow is high

i.	 The tube is disconnected
ii.	 One of the trocar valves is open
iii.	The suction is working and is stronger than the insufflator

Control of Bleeding of Unnamed Vessels

An unnamed vessel can be controlled in the same manner as a main vessel (see below), 
but usually simple compression with an atraumatic clamp and careful electrocautery will 
control the bleeding, so long as the major abdominal organs are kept under vision at an 
appropriate distance.

Compression is one of the best possible means of achieving hemostasis on a rough 
surface. One should use a 2 × 2 in. laparoscopic gauze that is radiopaque and also con-
tains a thread that will enable it to be visualized laparoscopically (e.g., Wecksorb 2 × 2 
gauze by Pilling Weck, Inc.) (Fig. 1.12a). This compression follows the principles of open 
surgery, namely temporary hemostasis allowing cleaning of the area and identification 
of the nature of the bleeding.

Principles of 
Hemostasis
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Fig.  1.12 (a, b)  Techniques of hemostasis: (a) compression with 2 × 2 gauze; (b)  forceps 
control

a

b
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Compression is achieved by the surgeon’s left hand, leaving the right hand free to 
insert the irrigation suction device, aspirate the blood, and make sure that the area is 
clean while the compression is maintained and a decision is made as to what tool will be 
used to ensure hemostasis, Usually a flat spatula will control the problem; but if it is to be 
used on an organ such as the liver or the spleen, high-voltage monopolar electrical cur-
rent should be applied with caution, avoiding adjacent organs. It is critical to keep the 
bleeding space dry while applying the electrical surgical current by suctioning constantly 
as the electrical current is applied.

Control of Bleeding of a Main Named Vessel

There is a major difference between handling a hemorrhage from a main vessel and that 
from an unnamed vessel. A main vessel requires vascular compression, retraction of the 
camera to protect the lens from splashing blood, and irrigation of the field. An attempt 
then be made to secure the hemostasis with clips. The surgeon should never attempt to 
clip a main vessel blindly in a bloody operating site, as visceral injuries will occur.

For bleeding originating from a main abdominal vessel, compression cannot be 
applied using 2 × 2 gauze. Instead it is necessary to use a large atraumatic clamp such as 
a small-bowel clamp or long Kelly with atraumatic jaws and tips that will compress the 
bleeding structure and its surrounding structures (Fig. 1.12b). Gentle and atraumatic 
application will avoid injuring or rupturing the vessel itself. The same procedure as 
above is then followed: cleaning, aspiration, irrigation, and application of clips, electrical 
current, or a suture, depending on the situation.

A vessel should not be divided before its proximal and distal ends are identified and 
the vessel has been controlled without incorporating adjacent structures in the clips.

Electrocautery can be performed using either monopolar or bipolar current. The 
use of monopolar current carries the risk of intraabdominal diffusion and transmission 
of power to adjacent structures. During application of monopolar current other organs 
should not be touched and the tip of the electrocautery instrument should be kept under 
direct vision at all times. This is especially true when using monopolar current in con-
junction with scissors with long blades or long noninsulated instruments. The risk of 
intraabdominal explosion is more theoretical than real and has not occurred in the 
author’s practice, but the use of nitrous oxide in this setting is not recommended because 
it supports combustion.

Bipolar instruments are probably safer but have the disadvantage of producing 
more smoke and are slower to achieve hemostasis. Of the available bipolar instruments, 
bipolar scissors and bipolar grasping forceps are the most useful and should be available 
in advanced laparoscopic trays.

Harmonic shears (also known as harmonic scalpel, Ethicon EndoSurgery, Inc.) with 
vibrating blades oscillate at 50,000 cycles a second, producing heat by friction and result-
ing in a coagulation process that can seal structures such as small ducts or small vessels. 
Harmonic shears can also be used on most of the unnamed vessels, up to a diameter of 
5 mm, above which it is safer to apply clips or ties.
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Many irrigation/suction devices are available. Ideally such a device should deliver appro-
priate irrigation at variable flow rates, with the possibility of hydrodissection if required.

The suction component of irrigation systems is its Achilles heel because the suction 
pipe is usually connected to the central facility on the operating room wall. Suction is 
therefore too strong and will simply suck away the pneumoperitoneum, immediately 
obscuring the view before achieving a result. As a result the suction force has to be made 
adjustable, usually using small forceps, especially when suction is immediately needed 
(as for hemorrhage).

The tip of the suction cannula is usually sharp and can traumatize tissues or vessels. 
The handpiece containing the valve has to be small, and is held ergonomically in the 
palm of the hand with separate trumpets for suction and irrigation.

Finally, many devices offer the possibility of insertion of standard laparoscopic 
instruments through a large (10 mm) shaft but the complexity of the mounting has pre-
vented its generalized adoption.

Irrigation and 
Suction Devices
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The patient is placed in the supine position with either the left arm or both arms 
tucked. The surgeon stands on the left and the assistant stands on the right side of the 
patient. The camera assistant stands on the left side of the patient to the left of the sur-
geon, or alternatively the assistant may hold the camera from the other side of the table 
(on the right side of the patient) if there is no dedicated camera assistant.

The abdomen can be entered using the Hasson technique or the Veress needle. After 
insertion of the umbilical trocar for the laparoscope, the remaining trocars should be 
introduced taking into account the patient’s body habitus. A standardized routine may 
be used for trocar insertion, but should be adapted based on patient size. For example if 
patient is obese, the trocars should be placed closer to the costal margin (Fig. 2.1).

After the abdomen is insufflated, the patient is positioned in reverse Trendelenburg 
and right side up. This ensures that the duodenum and transverse colon are moved down 
by gravity and improves exposure. The next trocar to be inserted is the lateral trocar 
used to retract the fundus and inspect the triangle of Calot. Adhesions in this region may 
influence subsequent trocar position. Quite often this trocar is inserted too low so that 
the grasper cannot reach the liver, and thus is unable to flip the gallbladder together with 
the liver to ensure proper exposure. For this reason it is recommended that the first 
5 mm trocar be inserted just under the right costal margin and as laterally as possible. 
Before insertion it is also necessary to ensure that the handle of the grasper is not blocked 
by the patient’s flank or knees. Pushing the abdominal wall with the left hand will indent 
the abdomen and help ideal placement of the trocars by visualization of the entry site.

The next trocar to be inserted is a 10–12 mm trocar and forms the operating port. 
It is usually inserted to the right of the falciform ligament, just at the level of the border 
of the right lobe of the liver. If the trocar is inserted more laterally there is a risk of injury 

Basic  
Laparoscopic 
Cholecys­
tectomy

 
Cholecystectomy

	

2a

b



	 Chapter  2     Cholecystectomy22

to the superior epigastric vessels, which can lead to severe hemorrhage. If this trocar is 
too low, however, the angle of dissection will be incorrect and there will be conflict with 
the laparoscope (“knitting needle” effect).

Once the operating port has been inserted, the fundus of the gallbladder is retracted 
and an additional 5 mm trocar is inserted for lateral retraction of Hartmann’s pouch. The 
operating port, the video laparoscope, and the lateral trocar are triangulated to avoid a 
“knitting needle” effect between the graspers and the video laparoscope (Fig. 2.2a).

In the case of an obese patient, the surgeon should not struggle to try to retract the 
fat. Two tricks can be used:

�� Placing the patient on steep reverse Trendelenburg
�� Inserting an extra 5 mm trocar above and to the left of the umbilical trocar (Fig. 2.1)

This additional trocar can be very helpful. If used, it should be added at an early stage, 
permitting the insertion of an irrigation/suction device, which can be used as a retractor 
to push down the duodenum and the greater omentum. It will also serve for hydrodissec-
tion. This extra trocar should be used for all obese patients, and also when the duode-
num is stuck to the gallbladder and the surgeon requires extra duodenal retraction. The 
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Fig. 2.1   Cholecystectomy in the obese patient; arrow indicates camera port moved higher 
and to the right, toward the right costal margin. A subxyphoid trocar for instrument; B midcla-
vicular port for left hand of surgeon; D grasper for retraction of gallbladder; E additional stan-
dard port for obese. S surgeon; FA first assistant; CA camera assistant
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Fig.  2.2  Ideal port placement for laparoscopic cholecystectomy. (a) The “American” trocar 
placement, the surgeon standing at the side, and (b) the “French” trocar placement, the sur-
geon standing between the legs of the patient. A operating port; B grasper for the surgeon; 
C grasper/ liver retractor; D umbilical telescope; E additional trocar for an obese patient. S sur-
geon; FA first assistant; CA camera assistant
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insertion of the extra 5  mm trocar will not affect the surgical result or the cosmetic 
appearance but will dramatically increase the safety of the procedure and reduce opera-
tive time.

Once the fundus of the gallbladder is retracted and the liver is moved up, some 
adhesions on the inferior surface of the liver will occasionally prevent adequate liver 
retraction. Such adhesions should be removed first before even attempting dissection of 
the triangle of Calot, as at this point of the procedure, maximal superior retraction of the 
gallbladder is needed.

Lateral retraction is the key to safe dissection of the triangle of Calot (Fig. 2.3a). 
This is performed with the left hand of the surgeon pulling laterally and inferiorly 
(towards the right Anterior Superior Iliac Spine) on Hartmann’s pouch while the first 
assistant retracts the fundus of the gallbladder towards the lateral right hemidiaphragm. 
This will open up the triangle of Calot and the risk of a common bile duct (CBD) injury 
will be minimized. Wrong retraction closing the angle between the cystic duct and the 
CBD is depicted in Fig. 2.3b. If the anterior peritoneum overlying the cystic duct and 
artery is scarred, it is very important to retract the cystic duct in a cephalad direction and 
incise the posterior peritoneum as closely as possible to the neck of the gallbladder. That 
will allow safe dissection of the cystic duct next to the neck of the gallbladder, and will 
create a window around the cystic duct.

a

b

Fig. 2.3   Dissection of the triangle of Calot: (a) correct retraction; (b) incorrect retraction with 
the risk of injury to the common bile duct (CBD)
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One way to insure that the structure that is being dissected is indeed the cystic duct 
is to perform what we described previously as the visual cholangiogram. This consists 
of dissection of the cystic duct from the neck of the gallbladder towards the hepatic duct, 
and with one or two movements of either a blunt dissector or the irrigation suction device 
some of the fat covering the hepatic duct is removed, allowing identification of the hepatic 
duct, and the junction between the cystic and the hepatic duct. We have performed  
this visual cholangiogram in almost all of our cholecystectomies except in cases of 
ex-treme inflammation. Until this date, we have not observed a single CBD injury  
(Fig. 2.4a, b).

Once the cystic duct has been dissected out, the cystic artery should be exposed as 
well.

Complete dissection of the cystic artery is not always achievable, as sometimes it is 
impossible to reach the artery with the cystic duct intact. If the patient is thin and the 
peritoneum and the fatty area around the cystic duct allow dissection of the cystic artery, 
this should be done as closely as possible to the neck of the gallbladder to avoid injury to 
an anomalous right hepatic artery.

If the surgeon has a policy of routine cholangiography, this is done after clipping 
the neck of the gallbladder. Two clips are used rather than one, as one has a tendency to 
fall when the gallbladder is extracted.

Cholangiography begins with application of minimal electrocautery to control the 
small artery of the cystic duct, thus avoiding injury which would obscure vision upon 
incision of the cystic duct, and prevent proper introduction of the cystic catheter. A small 
oblique incision is made on the cystic duct using microscissors which are inserted with 
the tip angled towards the CBD. The tip of the microscissors is then used to dilate the 
cystic duct opening, and the presence of bile will indicate that the duct is ready to be can-
nulated (Fig. 2.5). This procedure is recommended each time a cystic duct is opened, as 
an absence of bile indicates that there is no communication between the cystic duct and 
the CBD, and attempts to cannulate the cystic duct will be very difficult.

It is possible to dilate the cystic duct by removing the microscissors and replacing 
them with atraumatic long Maryland forceps. These are introduced into the cystic duct 
lumen and opened to dilate the duct. This will hopefully allow visualization of bile indi-
cating the duct is ready for cannulation.

At this point, the Maryland forceps are placed in the 10 mm operating port to retract 
Hartmann’s pouch laterally. The assistant now holds these forceps to free the surgeon’s 
two hands allowing him to focus on the introduction of the cholangiogram clamp. This 
description is based on the use of the Olsen cholangiogram clamp with a smooth  
ureteral catheter no. 4, which must be checked before insertion. This catheter should  
be introduced from the left lateral grasper port into the cystic duct. It is not necessary  
to introduce more than 1  cm of the catheter into the cystic duct, or no more than  
one black dot on the tip of the catheter. The clamp is secured in place and the cholangio-
gram is performed. If the cholangiogram is normal, the clamp is removed and the  
clip applier introduced. Two clips are applied as close as possible to the cystic duct 
opening.
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Fig. 2.4   “Visual cholangiogram.” The fat overlying the common hepatic duct is gently teased 
away, using a grasper (a) or a suction irrigation device (b)
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It is not advisable to use an Endoloop and a clip together, as they have different 
squeezing actions and if a clip is in place, subsequent tightening of an Endoloop will 
make the clip fall off. If both are used, place and tighten the Endoloop first.

The cystic artery is now clipped and divided as close as possible to the neck of the 
gallbladder. It is then possible to proceed with removal of the gallbladder from the liver 
bed. The best instrument for this is either a hook or better a flat electrical spatula that 
will “slice” the gallbladder from the liver bed.

Opening of the gallbladder is an inelegant technical mishap, but studies have shown 
that it does not affect the outcome for the patient if all the bile is aspirated, the area is 
irrigated, and all the spilled stones are removed. In many instances an opening in the 
gallbladder occurs at the unperitonized area next to the liver bed. It is possible to grasp 
the gallbladder with the left grasper and apply a rotating motion on the opening exactly 
as one would do with a can-opener (the “spaghetti technique”), which will usually control 
the bile leak through a small opening. If the tear is large, the only solution is to grab it and 
insert an Endoloop (Fig. 2.6). Clips are not useful except for a very small tear.

If neither the spaghetti technique nor insertion of an Endoloop closes the opening, 
the only resource will be to suck out the contents of the gallbladder, limiting the spillage 
of stones, and finally introduce a bag to retrieve the gallbladder.

Spillage of stones can be managed by irrigating the area to allow the stones to float 
on the surface. Removal of the stones will then be easier by sucking them using a 10 mm 
specific suction cannula. Unfortunately the stones can easily obstruct the tubing, in 
which case the only option is to pick the stones up one by one and insert them in a bag.

Fig. 2.5   Cannulation of the cystic duct in cholangiography
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How important is it to remove the stones? Abscesses forming around stones have 
been described, and the author considers it crucial to remove them all whenever possible, 
and to irrigate and aspirate the bile. The patient will then not suffer any complications 
from an incident that usually looks messy but rarely affects the postoperative course.

In acute gangrenous cholecystitis, removal of the inflammatory adhesions from the fun-
dus of the gallbladder is the first step. This is accomplished by applying high-pressure 
hydro-irrigation through the irrigation suction cannula to the edge of the gallbladder to 
open up planes, which are then further dissected using a grasper and scissors with cau-
tery, staying away from the duodenum at all times. An additional 5 mm trocar for an 
irrigation suction device is routinely inserted at the left midclavicular line by the author 
(trocar E, Fig. 2.1). When the fundus of the gallbladder has been identified, it is possible 

Fig.  2.6  (a) Rotating motion of the left grasper to control a tear in the gallbladder (the 
“spaghettic technique”). (b) Endoloop application on a larger tear
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to make a small opening using electrical scissors and insert an irrigation suction device 
into the fundus to aspirate the contents of the gallbladder. This will ease the tension of 
the gallbladder and enable it to be grasped using graspers with tiny teeth.

With a very difficult acute gangrenous gallbladder, it is essential for safety reasons 
to prevent injury to the CBD by limiting dissection to the neck of the gallbladder. The 
dissection can then proceed as for a normal gallbladder. It is important to visualize the 
CBD laparoscopically. If this is not possible secondary to inflammation in the porta 
hepatis, then a cholangiogram should be attempted through the neck of the gallbladder 
to visualize the anatomy. However, if this also is not feasible, and the cystic duct and the 
neck of the gallbladder have been clearly identified, then one can proceed with the cho-
lecystectomy. It is also possible to perform a cholangiogram through the gallbladder 
itself. As a rule of thumb the aim should be to recognize the elements of the triangle of 
Calot within 45 min of beginning the dissection. If after that period of time the anatomy 
is still not clear, conversion should be the rule.

As the gallbladder is being removed from the liver bed some bleeding may occur 
from the liver parenchyma, owing to difficulty in finding the best plane of dissection. 
Compression should be applied using a 2 × 2 gauze, and a collagen hemostatic pad should 
be left in place on the liver bed.

In some cases of gangrenous gallbladder there may not be an obvious plane of dissection. 
If the surgeon has limited skills, or feels that the situation is dangerous, he or she should 
perform a partial removal of the gallbladder, leaving part of its neck next to the CBD.

This is also true when the cystic duct is either atrophic, extremely short, or virtually 
absent owing to the amount of inflammation. If the cystic duct is very large, one should 
not apply clips that will not hold; instead, it is preferable to use a preformed Endoloop, 
create a knot using extracorporeal techniques, or perform intracorporeal suturing using 
a 3–0 PDS to close the large cystic duct (Fig. 2.7).

In the case of a stone impacted in the neck of the gallbladder with an empyema or 
hydrops of the gallbladder (Fig. 2.8), a good technique is to aspirate the gallbladder after 
opening the fundus with hot scissors and introducing the irrigation suction canula in the 
opening. An incision is then made in the neck of the gallbladder, approximately two to 
three centimeters above the junction of the cystic duct and the neck. This incision should 
be generous to allow for exteriorization of the stone, almost like an “enucleation” of a 
mass (Fig. 2.9). Once this is performed, the cystic duct is often shortened or absent. The 
junction between the neck of the gallbladder and the hepatic duct is also shortened and 
dangerous for dissection. We recommend in this case completing the opening of the gall-
bladder, and obtaining a mushroom shape of Hartmann’s pouch that will be closed using 
a running suture after the removal of the rest of the gallbladder (subtotal cholecystec-
tomy), (Fig. 2.10). The placement of a JP drain is also advisable.
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Fig. 2.8  Impacted stone in the neck of the gallbladder (hydrops or empyema)

Fig. 2.7  The “dangerous” cholecystectomy: closure of the cystic duct (a) using an Endoloop; 
(b) intracorporeal suturing
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Fig. 2.9   “Enucleation” of impacted stone in the neck of the gallbladder

Fig. 2.10   “Subtotal cholecystectomy.” Preserving a “safety wall” represented by Hartmann’s 
pouch nearly fused with CBD

	 Impacted Stone (Hydrops, Empyema, Early Mirizzi)f�
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Fig. 2.11   (a) Represents a classic cystic duct with normal length, covered by some tissue and 
fat. (b) Represents a “dangerous” short or absent duct

In most instances, an injury to the CBD occurs when the cystic duct is shortened or virtu-
ally absent secondary to an anomaly in the anatomy, or in the case of acute inflammation. 
It is also important to remember that most CBD injuries occur in so-called “simple chole-
cystectomies” with a minimally inflamed gallbladder. The figures depict the common 
mechanisms of clipping and injuring the CBD. The fat present at the hepatic duct does not 
allow for perfect visualization of the cystic duct. In Fig. 2.11a, the fat covers a normal length 
cystic duct. In Fig. 2.11b, tissue and fat cover a short or absent cystic duct. Both cases pres-
ent themselves in an identical manner on the screen to the eye of the surgeon who has a 
two dimensional vision lacking the perception of depth. A clip is placed at what is consid-
ered to be the neck of the gallbladder, and an incision is made for a possible cholangio-
gram. In the first example, the clip is placed across the neck of the gallbladder, and the 
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incision is made in the cystic duct. In the second example, the cystic duct is shortened and 
the incision has been made in the CBD, thus injuring the bile duct (Fig. 2.12b). Figures 2.13a, b 
clearly illustrate through color coding the visual confusion as a consequence of the short-
ened or absent cystic duct, leading to a CBD injury. In our opinion, these figures indicate 
the need for a very thorough dissection of the neck of the gallbladder, the junction between 
the cystic duct and neck of the gallbladder, and the junction between the cystic duct and 
the hepatic duct (visual cholangiogram). This “double safety” feature (dissection of the 
junction neck of the gallbladder and cystic duct and dissection of the junction cystic duct, 
hepatic duct) in addition to the lateral traction will minimize the risk of a CBD injury.

Fig. 2.12   Mechanisms of injury to the CBD. (a) Clip placed appropriately across cystic duct. 
(b) Clip placed across the CBD (short or absent cystic duct)
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Fig. 2.13   (a, b) Mechanisms of injury to the CBD. Color coding illustrates the illusion created 
by the short cystic duct
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If hemorrhage occurs from the liver bed, the spatula used to dissect the gallbladder can con-
veniently be used to attempt hemostasis, with an increase in voltage from the cautery unit. If 
there is severe bleeding in the liver bed, it is possible to introduce a piece of 2 × 2 radiopaque 
gauze and apply compression. The steps of managing hemorrhage from the liver bed are:

�� Avoid obscuring the video laparoscope with blood, pull the camera back, leaving the 
tip in the port to still provide adequate visualization.

�� Compress the bleeding with 2 × 2 gauze if available.
�� Irrigate and clean the area around the bleeding.
�� Remove the gauze.
�� Introduce an irrigation/suction device to dry the site of bleeding with the left hand.
�� Apply high-current electrocautery with the spatula using the right hand. This current 

creates a crust that halts the bleeding. Care is taken to check that the tip of the cautery 
does not injure a peripheral bile duct (Duct of Lushka). This can be the cause of post-
operative bile leak.

Application of clips is usually a waste of time as it is rarely efficient in controlling 
oozing in the liver bed.

If these actions do not initially take care of the bleeding the compression should be 
continued. Hemostatic agents such as Tisseal or Floseal (Baxter Inc, Deerfield, IL) can be 
used to achieve hemostasis.

If the bleeding is due to a major tear in the liver, and hepatic or portal venous 
branches are involved, and if all possibilities are exhausted, the only recourse is conver-
sion using a mini-laparotomy. This has very rarely been the case in the author’s experi-
ence, but it may occur more frequently in cirrhotic patients. There is no need for a large 
subcostal incision and usually a 5 cm mini-laparotomy will suffice.

In the case of a supra-umbilical incision with severe midline adhesions that obscure the 
view, one can place a 5 mm trocar along the left midclavicular line to take those adhe-
sions down using harmonic shears (Fig. 2.14). Another trick is to insert the camera to the 
right and superior to the umbilicus, closer to the gallbladder. The patient is tilted to the 
left, possibly on a bean bag; this will allow for a different angle of visualization and a safe 
cholecystectomy. Trocars for the right and left hand are also placed a little more to the 
right of the patient (Fig. 2.15).
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Fig. 2.15   Severe adhesions due to prior upper midline incision. Patient tilted after position-
ing on a bean bag. Camera (c) moved to the right and above the umbilical level. All other tro-
cars (a, b, d) moved to the right
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Fig. 2.14   Cholecystectomy in a patient with a history of previous upper midline incision. 
E additional trocar used to take down adhesions; C insertion of the first camera port using a 
Hasson technique to the right of the umbilicus; A subxyphoid port; B midclavicular port; 
D retractor for gallbladder fundus. S surgeon; CA camera assistant; FA first assistant
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If a stone is visualized during an intraoperative cholangiogram, a few measures should 
be attempted before proceeding to common bile duct (CBD) exploration. First, place the 
patient in steep reverse Trandelenberg and flush the CBD with saline. Intravenous 
Glucagon at a dose of 1 mg can also be given to relax the sphincter of Oddi and help the 
stone pass. If this is not successful, then one can proceed to a CBD exploration.

The transcystic approach is usually accepted as the initial approach in a CBD explora-
tion. In this author’s experience, the transcystic approach is a difficult maneuver that has 
not had the 95% success rate that some other authors have reported, and requires 
training.

The first step is to place an additional trocar directly above the cystic duct. This 
trocar will facilitate access to the cystic duct in a linear fashion. Next the cystic duct 
should be dilated by one of the following methods: inserting Maryland forceps into the 
duct, or using a dilating balloon, biliary Fogarty, or even stents of different calibers.

The next step is the insertion of a Dormia wire basket to retrieve the stones. This may 
be attempted without fluoroscopic guidance because the stones have already been located 
by intraoperative cholangiography. However, if retrieval of the stones proves difficult, then 
fluoroscopic guidance can be called upon before resorting to a choledochoscope. If the 
choledochoscope is needed to locate the stones, they can be removed using a wire basket 
introduced through the choledochoscope operating channel. If all these techniques are 
not successful, it will be necessary to revert to a laparoscopic choledochotomy.
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The first step is dissection of the CBD, as in open surgery, and this is done using very fine 
instruments in the right hand and an atraumatic grasper in the left hand. The peritoneal 
adhesions above the CBD are grasped with the left hand and the scissors are then used to 
peel these adhesions from the CBD. Peelingof the entire CBD is not indicated, as there is 
a risk of devascularizing the duct. Only an area appropriate for the choledochotomy is 
dissected out. Sharp micro-scissors are inserted and a choledochotomy is performed 
longitudinally. The size of the choledochotomy should be appropriate for the size of the 
CBD. It should also match the size of the stone. The same technique as in open surgery 
then applies, with the introduction of a choledochoscope with a 2.8 French channel into 
the midclavicular port to locate the stones. Introduction of the wire basket, either directly 
into the choledochotomy or via the operating channel of the laparoscope, will usually 
allow extraction of the stones from the CBD under direct vision. If a flexible choledocho-
scope is unavailable or stone removal by this method proves difficult, a traditional rigid 
choledochoscope can be introduced into the subxyphoid skin incision after removal of 
the 10 mm trocar. A suture can be tightened around the choledochoscope to keep the 
abdomen airtight. This can also be done directly through a separate skin incision. When 
the CBD has been cleared of all stones, it should be closed around a T-tube (Fig. 3.1). This 
T-tube is introduced through a separate small skin incision, and adequate tube length 
should be left in the abdomen in order to avoid its inadvertent dislodgement if an ileus 
is encountered postoperatively. The T-tube is cut to the appropriate size and inserted in 
the choledochotomy (Fig. 3.2). As in open surgery, it should be moved up and down to 
make sure that it is properly in place in the CBD. 4–0 PDS suture is used to close the cho-
ledochotomy in either an interrupted or continuous fashion, depending on the size of the 
CBD. Interrupted sutures tied intracorporeally are best for thin CBDs, while continuous 

Fig. 3.1   Insertion of the T-tube in CBD exploration
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Fig. 3.2   Closure of the choledochotomy using 4–0 PDS

Fig. 3.3   Side-to-side choledocoduodenostomy using interrupted 3–0 or 4–0 PDS (full thick-
ness on the posterior duodenal wall, extramucosal on the anterior duodenal wall)
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sutures can be used on larger, dilated CBDs. Extracorporeal knot-tying is not useful in 
this setting. The T-tube is then tested for leaks by injecting some saline, before being 
properly fixed to the skin. A completion cholangiogram is performed. A drain is always 
inserted adjacent to the choledochotomy to monitor bile leakage.

This procedure is similar to open surgery except that the choledochotomy should be 
performed transversely. The duodenum is then approximated and incised. Interrupted 
sutures are placed and knotted intracorporeally to avoid tension that might occur if they 
were to be knotted extracorporeally. Running sutures are possible if the CBD is very 
dilated.

The ideal suture is 3–0 PDS and square knots are tied using standard techniques 
(Fig. 3.3). The key to success is proper mobilization of the duodenum. This can be achieved 
easily by a partial Kocher maneuver of the duodenum. A drain should be left in place.

This is a very difficult operation that should be attempted only by highly skilled laparo-
scopic surgeons. The operative details are provided here for the reader’s interest, rather 
than for absolute guidance. Six ports are used, as shown in Fig. 3.4. The operation starts 
with dissection of the CBD and separation from the important structures of the porta 

Fig.  3.4   Trocar port placement for laparoscopic hepaticojejunostomy. A umbilical laparo-
scope; B surgeon’s right hand (operating port); C irrigation suction probe; D liver fan retractor; 
E surgeon’s left hand (grasper); F grasper (first assistant)

Choledochodu­
odenostomy

Hepaticoje­
junostomy with 

a Roux-en-Y
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hepatis, such as the hepatic artery and portal vein. It is important to use an atraumatic 
dissector very gently and to stay close to the CBD, using the magnification of the laparo-
scope as much as possible.

The CBD is encircled and umbilical tape is passed around it to allow gentle retrac-
tion of the duct. It is then transected. The distal end is ligated using an Endoloop with 
2–0 PDS. The proximal end of the CBD is trimmed conservatively, care being taken to 
avoid devascularization. One then proceeds to prepare the Roux-en-Y loop (Fig. 3.5).

First the angle of Treitz is identified. Following the small bowel, the second jejunal 
loop is picked up and transection of the loop is performed using an EndoLinear Cutter-45 
with white loads (Ethicon EndoSurgery Inc, Cincinatti, OH). One and half firings of the 
GIA-45 whites divide the mesentery. One should never fire more than two loads of 45-mm 
cutters in the mesentery to avoid injuring the superior mesenteric artery. The next step 
is coagulation of any bleeding along the cut edges of the mesentery. It is extremely 

Fig. 3.5   End-to-side hepaticojejunostomy



	 Chapter  3     Common Bile Duct Explorations and Bilioenteric Anastomosis  46

important to perform this coagulation either by using electrocautery, or clips to avoid 
any postoperative bleeding. The harmonic shears are utilized to open up the crotch of 
this division to further enhance the length of the alimentary loop. Next a 40–60 cm Roux 
limb is selected and a jejunojejunostomy is performed after opening the proximal and 
distal limbs with the harmonic scalpel and then firing the 45  mm stapler with white 
loads. The enterotomy is closed with a running 3–0 Prolene in an extramucosal fashion. 
The mesentery defect is closed with nonabsorbable running suture. The Roux limb is 
then brought up and approximated to the end of the CBD. An enterotomy is performed, 
followed by creation of an anastomosis using a continuous suture on the posterior aspect 
of the jejunal wall. An interrupted 3–0 PDS is used on the anterior jejunal wall, ensuring 
the avoidance of the stricture of the hepatic duct.
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With appropriate patient selection and proper equipment, laparoscopic liver sur-
gery can take place with relative comfort and safety. Patient selection will be discussed 
briefly at the end of the chapter.

In addition to the standard instruments described in Chap. 1, it is necessary to have 
instruments specifically adapted to hepatic surgery. High-quality 30-degree and even 
45-degree laparoscopes should be available.

Forceps used on the liver should be flat and atraumatic, without teeth. All the for-
ceps should be insulated, with rotating capability. It is also desirable to have rotating 
coagulation scissors, and hooks that are entirely insulated at the tip. A spatula is impor-
tant for hemostasis on flat surfaces. One should only proceed with automatic clip appli-
ers that allow clips to be placed without withdrawing the instrument for reloading. 
Stapling devices with vascular white cartridges are extremely useful for control of cer-
tain vascular pedicles.

Other specific instruments include the argon-beam coagulator, ultrasonic dissec-
tors, laparoscopic ultrasound, and harmonic scissors.

Harmonic shears are also very useful tools in liver surgery. The lower blades oscillate 
at 55,000 Hz, generating localized heat and coagulation of proteins. It serves as a welding 
tool and is ideal for hemostasis of smaller vessels. Laparoscopic ultrasound probes are 
useful especially when coupled with color Doppler. They can help determine the limits 
and vascular involvement of solid masses, which is critical when a tumor is posterior and 
dangerously close to the inferior vena cava or the origins of hepatic veins. Fibrin glue 
(Tisseal, Baxter Inc, Deerfield Il) is used and can be very efficient in achieving complete 
hemostasis after laparoscopic hepatic resection. Its ideal application is on a decapsulated, 
dry liver surface. Adhesive fibrin sealant is available in various concentrations and with 
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various coagulation times. It should be applied without pressure to the raw surfaces of the 
liver at the end of the resection. Floseal (Baxter Inc, Deerfield IL) is another hemostatic 
agent in a granular form well adapted to achieve hemostasis crevices and deeper liver 
breaks. Omentum can then be applied to achieve an omentoplasty. Biliary ducts should be 
ligated with absorbable monofilament thread (3–0 and 4–0 PDS) and vascular structures 
can be ligated with silk ties. Specimen retrieval bags must be strong and equipped with a 
closing system.

The author prefers to stand in the French position (see Fig. 1.1b). The surgeon stands 
between the patient’s lower limbs, which are spread and placed in sequential compres-
sion devices on padded supports to avoid deep venous thrombosis and pressure necro-
sis. This arrangement is comfortable for the surgeon, who does not have to bend 
unnecessarily, which may occur when he or she is standing to the side, and it provides a 
symmetric view of the monitors. This position is also convenient for the assistants on 
each side.

The monitors are placed on each side of the anesthesiologist near the head of the 
patient. The scrub technician stands to the right of the surgeon, beside the camera assis-
tant, allowing him or her to pass instruments to the surgeon’s right hand. All traditional 
instruments for open surgery must be at hand in case immediate conversion becomes 
necessary. The usual rules of anesthesiology for hepatic surgery are followed, but the 
anesthesiologist must be aware of the additional hazards of laparoscopic liver surgery, 
such as a potential CO2 embolism or massive perioperative bleeding. Sufficient supplies 
of plasma and blood must be readily available.

A minimum of four ports must be introduced for basic liver procerdures (beyond simple 
diagnostic laproscopy). The ports are placed to allow enough space between them to 
avoid the knitting needle effect between the various instruments. The port for the lapa-
roscope is usually introduced at the umbilicus, the port for the graspers on the right side, 
and the port for the operating instruments on the left side of the patient. This triangle is 
enlarged to a rectangle by placing a fourth port for palpation and/or the irrigation/aspi-
ration probe (Fig. 4.1a, b). This arrangement can be varied according to the location of 
the lesion and the working method to which the surgeon is accustomed; there is no 
“ideal” arrangement of the ports for this type of surgery.

All ports must be at least 10 mm to allow the camera to be moved from port to port 
to visualize the hepatic lesion from different angles. Further trocars can be introduced 
for specific instruments – five or six is realistically the maximum number of trocars if 
the operating field is not to be overcrowded. This allows two surgeons to perform simul-
taneously with a “four-handed” approach (Fig. 4.2a). One surgeon manipulates a grasper 
and dissects with the CUSA while the other surgeon is needed to divide using clips and 
scissors. This four handed approach minimizes hemorrhage and speeds up the proce-
dure (Fig. 4.2b).
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Fig. 4.1   (a) Port placement for basic liver procedures. A umbilical scope; B surgeon’s left hand; 
C surgeon’s right hand; D suction irrigation device or for retraction. S surgeon standing 
between the left; FA first assistant; CA camera assistant. (b) Port placement for basic liver pro-
cedures. The triangulation concept

a

b
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Fig. 4.2   (a) Port placement for advanced liver procedures (resection) using the “four hands 
approach.” A laparoscope; B main surgeon’s left hand (grasper); C main surgeon’s right hand 
(harmonic shears); D second surgeon’s left hand (grasper or scissors); E second surgeon’s right 
hand (clip applier); F suction irrigation device or fan retractor. S1 first surgeon; S2 second sur-
geon; FA first assistant; CA camera assistant. (b) Four hands approach during liver resection

a

b

B

C
A

D

F

E

S1

S2

FA

CA



	 Maneuvers Common to All Laparoscopic Liver Surgery� 53

As with open surgery, laparoscopic surgery starts with mobilization of the liver (Fig. 4.3). 
This is the key to successful surgery as it clears the area surrounding the lesion allowing 
direct access. This procedure is familiar to all hepatic surgeons.

The first step is division and ligation of the round and falciform ligaments between 
clips, with a vascular stapler, or with the harmonic shears so that the anterosuperior 
surface of the liver can be pushed down. Retraction of the liver is achieved with a fan 
retractor held by an assistant, while the surgeon brings the harmonic shears above the 
liver and divides the triangular ligament under direct view. The left triangular ligament 
is divided if the lesion is on the left lobe, or partial division of the right triangular liga-
ment (which is more difficult) for a right posterior lesion. During a major resection, such 
as a left lateral segmentectomy, it is necessary to be able to approach the side of the supe-
rior vena cava to control the hepatic veins, in particular the left hepatic vein. Once the 
liver is completely mobilized an incision is made in Glisson’s capsule, using the harmonic 
shears (Fig. 4.4).

Next, long Kelly forceps simulate the finger fracture method. An ultrasonic dissec-
tor is very handy here, enabling parenchymal destruction while preserving the vascular 
and ductal elements. All large vascular vessels must be controlled by clips or by ties in the 
case of a major vessel or biliary duct. Vascular endolinear cutters are extremely useful for 
controlling large vessels.

At the end of the operation, the liver segment must be placed in a suitable retrieval 
bag that allows extraction without spillage of liver cells. Extraction is usually accom-
plished by enlarging the umbilical opening. Other extraction sites are possible; for larger 
specimens, a suprapubic incision can be used, or in the case of hand-assisted techniques, 
the extraction site is the same as the incision used for the introduction of the gelport and 
the nondominant hand (depicted here on the right side of the patient, Fig.  4.5). The 

Fig. 4.3  Mobilization of the liver. A faliciform ligament; B left triangular ligament; C right trian-
gular ligament
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Fig. 4.4   Incision in Glisson’s capsule using harmonic shears (initiation of the resection)

Fig. 4.5   Different extraction sites of the specimen for hand-assisted laparoscopic surgery 
(HALS): supraumbilical, suprapubic, or subcostal. S1 main surgeon; S2 second surgeon; FA first 
assistant
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resected specimen can be partially morcelated with the Kelly forceps if a morcelator is 
not available. The liver specimen should never be reduced to a total mush, which would 
not allow postoperative pathological examination.

Diagnostic laparoscopy can be used to look for small tumors of the liver that may not 
be detectable by conventional imaging techniques. Pancreatic cancer, for example, is 
often accompanied by small multiple hepatic metastases that are spread throughout the 
entire organ. Because of their small size, these and other intraperitoneal seedings are 
sometimes undetectable by standard imaging methods, but can usually be seen with a 
laparoscope. This can change the indication from a curative resection to palliative sur-
gery, or even to nonintervention in very advanced cases. Diagnostic laparoscopy is also 
useful in identifying liver involvement unseen by preoperative imaging in cancer of the 
gallbladder.

The diagnostic procedure involves a laparoscope introduced via an umbilical port, 
with another port to allow for biopsy.

Laparoscopic ultrasonography is a valuable technique for studying the liver. Users 
who have sufficient experience can produce images that are as helpful as images obtained 
by intraoperative open ultrasonography. Laparoscopic ultrasonography enables the 
detection of deeper lying metastases as well as underlying connections to vital struc-
tures such as the hepatic veins. The hepatic vessels as well as the biliary ducts can be seen 
clearly. With intraoperative ultrasonography, a biopsy can be directed without fear of 
causing major hemorrhaging or bile leaks.

This is a relatively easy procedure; for single giant cysts, the basic trocar approach is used 
(Fig. 4.1a, b). The harmonic shears are used to fenestrate the cyst after incising its most 
protuberant area. Each leaf of the cyst is elevated with the grasper, and the cyst is excised 
at its junction with normal hepatic parenchyma (Fig.  4.7). Clips should be placed to 
ensure hemostasis, as the number one postoperative problem is bleeding from the liver 
edge. If the cyst is very large with a thick membrane, a linear cutter with vascular loads 
can be used to achieve this resection at the liver edge. In the case of polycystic liver dis-
ease, the operation proceeds with the same technique through previously unroofed cysts; 
however, when dealing with deeper cysts, care should be exercised to avoid injury to a 
hepatic vein or pedicle, as these vascular structures have a similar appearance as that of 
liver cysts under the illumination of the laparoscope (transparent with a bluish tinge).

Enucleation, wedge resection, anterior segmentectomies, and left lateral segmentecto-
mies are reasonable laparoscopic technical possibilities. Lobectomies are very advanced 
procedures reserved for a few laparoscopic liver experts (Fig. 4.8).

Diagnostic 
Laparoscopy

Fenestration of 
Liver Cysts 
(Fig. 4.6)

Resection of 
Liver Tumors
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Fig. 4.6   Fenestration of liver cysts

Fig. 4.7   Excision of cystic wall using harmonic shears
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Limited Resection of Minor Lesions

Wedge resection of a solid benign tumor, such as an adenoma, is a good example of a 
small lesion that can be removed laparoscopically. A small metastasis in the left lobe also 
can be safely resected under laparoscopy with a reasonable 15–20 mm surgical margin. 
Four trocars are necessary for access: an umbilical trocar for the laparoscope, two large 
trocars for the grasping forceps and other instruments, and one sub-xiphoid trocar for 
the irrigation/aspiration probe. For a larger resection it is necessary to use the “four-
handed approach” described above (Fig. 4.2a, b).

The resection begins with incision of Glisson’s capsule 2 cm from the lesion. Smoke 
must be sucked out intermittently through the irrigation/aspiration cannula. It is then nec-
essary to dissect progressively deeper into the hepatic parenchyma using the harmonic 
shears while separating the edges of the liver with the left handed forceps. Sometimes a fifth 
trocar is needed for the assistant to insert a grasper to carefully move the tumor mass. This 
will create a groove through which a hook or coagulating scissors can pass. Atraumatic 
grasping forceps allow the minute structures to be coagulated as they pass through this 
groove. All bile ducts should be clipped or tied; it is not recommended to rely on the  
harmonic shears to seal bile ducts, as this can lead to postoperative bile leaks. Clips must  
be employed for larger vessels, and it is recommended that a double clipping technique be 
used to avoid inadvertent dislocation of a single clip on a vascular pedicle. The irrigation/
aspiration probe should be used in a deep groove in the liver to keep the operating field  
dry. The need to maintain a bloodless field by means of constant rinsing of the dissection 
area cannot be overemphasized. With a small wedge resection drainage is not usually 
necessary.

A

B

C

D
E

Basic resections

Advanced resections

Very complex resections

Fig. 4.8   Different levels of complexity based on learning curve. A enucleation; B  atypical 
peripheral wedge; C segmentectomy; E left lateral sectoriectomy; D lobectomy
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When dealing with large liver masses, the author routinely performs cholangiogra-
phy at the conclusion of the resection, to identify possible biliary leaks. This, of course, 
cannot be done without cholecystectomy. A 5–8 cm solid tumor can be extracted in a bag 
without difficulty by enlarging the fascial incision at the umbilicus so that the extracted 
specimen is left intact. The specimen should always be removed in a tumor-proof solid bag.

Left Lateral Segmentectomy

This approach is aimed at larger tumors on the left lobe for which a wedge resection or 
limited segmentectomy may prove to be incomplete and therefore inadequate treatment. 
Larger lesions of the left lobe may also be best dealt with by a formal resection when a 
wedge procedure might actually prove to be more difficult and hazardous. Laparoscopic 
left lateral segmentectomy, however, should only be considered by surgeons who have 
extensive experience in both laparoscopy and liver surgery.

Placement of the ports is as shown in Fig.  4.2a, b. This allows for simultaneous 
maneuvers by two surgeons operating in harmony (four hands approach) - one doing the 
dissection and the other concentrating on hemostatic control and the clipping of all ves-
sels. The lead surgeon usually operates the ultrasonic dissector while the second surgeon 
applies clips and divides the isolated vessels. This technique speeds the procedure and 
enhances safety.

The procedure follows the same rules as in open surgery. It begins with extremely 
careful hepatic vascular isolation. This includes the left hepatic vein which must be iso-
lated before the liver capsule is incised. The falciform ligament is divided until the vena 
cava is seen.

A Pringle maneuver can then he performed using an atraumatic right-angled dis-
sector, and a tourniquet is placed around the porta hepatis (Fig. 4.9a, b). Then, after full 
mobilization of the left triangular ligament, it is possible to retract the left lobe inferiorly 
using an atraumatic fan retractor allowing one to see the insertion of the left hepatic vein 
on the vena cava. This is an extremely dangerous maneuver and should be done only by a 
very skilled laparoscopic surgeon.

Now a right-angled atraumatic dissector is introduced and the left hepatic vein is 
encircled using gentle blunt dissection and a long tie placed around it. An atraumatic 
clamp should always be kept handy in the vicinity in case there is bleeding that requires 
immediate compression and clamping. However, a bleeding left hepatic vein is a dramatic 
event. Therefore, unless this vessel is safely controlled within seconds of hemorrhaging, 
the surgeon should opt for an immediate safe conversion. If the left hepatic vein has a 
short course outside the liver parenchyma before joining the inferior vena cava, dissection 
should not be attempted. The vein will be controlled during parenchymal dissection.

After incision of the capsule, dissection is continued into the deep parenchyma. 
During parenchymal dissection one encounters the constituents of the portal pedicle. 
They are ideally controlled with clips, and reinforced by intracorporeal ligatures when 
necessary. Intracorporeal knotting will avoid traction on the vessel. That said, it is easier 
to try to secure all vascular elements with clips, as it is difficult to apply sutures laparo-
scopically in the liver as the tissue is very friable.
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Fig. 4.9  (a) Dissection around the porta hepatis with a right-angled dissector. (b) Tourniquet 
around the porta hepatis using umbilical tape and a section of rubber tube

a

b
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The last vessel to be encountered is the left hepatic vein that has been isolated pre-
viously. It is transected using a vascular stapler (Fig. 4.10).

In general, the lobectomy specimen is then placed in an extraction bag and can be 
withdrawn only if it undergoes some degree of morcelation. The hepatic surfaces are 
inspected and hemostasis is completed. Here again, cholangiographic examination to 
detect bile leaks is useful. The application of fibrin sealant when possible is invaluable. 
The greater omentum can be used to cover the raw surface of the liver at the end of the 
procedure. After left lateral segmentectomy, the procedure concludes with the placement 
of two suction drains near the edge of the wound to collect any minor persistent oozing 
of blood or bile and to prevent hematomas.

Smaller resections such as limited segmentectomies are done in the same way, with 
the same concern for hemostasis and control of the biliary ducts. One good method is to 
use vascular staplers for these minor liver resections. Vascular white staples can easily 
control the hemostasis of small pedicles but it is advisable to start the resection by scar-
ring the capsule with a hook. Once the parenchyma is penetrated, the vascular stapler 
can then be applied.

Fig. 4.10  Left lateral segmentectomy with intrahepatic division of the left hepatic vein. 
A division of left triangular ligament; B extrahepatic ligation of left hepatic vein; C control of 
vascular pedicles of segments II and III; D division of left hepatic vein
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There is a need for precise vascular control to avoid CO2 embolization. In general, 
as demonstrated in gynecological series, the associated risk in laparoscopic surgery is 
minimal. The risk is, however, not insignificant during surgery of solid organs such as 
the liver and spleen because they are linked directly to the inferior vena cava and to the 
heart. The risk is limited somewhat because CO2 is very soluble, but it should be a con-
stant concern. The effects of emboli are sometimes initially detected only by the recovery 
room staff, who must be made aware of this possible complication.

Right Hepatectomy

This is the most advanced laparoscopic liver resection, and perhaps the most complex 
laparoscopic procedure, that should only be performed by experienced laparoscopic 
liver surgeons. A four hands approach is used (Fig. 4.2a, b). All instruments are used as 
described above, including the harmonic shears and the cutters with vascular loads. A 
Pringle maneuver is always performed first, and the operation follows the rules of open 
liver surgery. An important step is the mobilization of the retro-hepatic portion of the 
IVC (Fig. 4.11).

A fan retractor is used to elevate the right lobe. It is possible to insert the left non 
dominant hand of the main surgeon (hand-assisted laparoscopic surgery, or HALS) to 
aid in the mobilization and dissection. The same incision is used to exteriorize the speci-
men in a bag (Fig. 4.12).

IVC

Fig. 4.11  Mobilization and ligation of the hepatic veins in the retrohepatic segment of the IVC 
during right lobectomy



	 Chapter  4     Laparoscopic  Liver Surgery62

The major complication of liver surgery is hemorrhage. Minor hemorrhage can be con-
trolled with unipolar or bipolar atraumatic forceps. The coagulating spatula is also very 
useful. With more serious arterial bleeding where there is clearly spurting of blood, it is 
necessary to grasp the artery with the atraumatic forceps and apply a clip or ligature.

The management of venous bleeding in hepatic surgery tends to be more compli-
cated, as there is often constant oozing, making hemostasis extremely difficult. Placing 
sutures laparoscopically is not easy, but sometimes it cannot be avoided. Often tempo-
rary compression using laparoscopic 2 × 2 gauze will stabilize the situation. It is also 
possible to introduce larger 4 × 4 gauze which should be attached to a suture to identify 
it laparoscopically, and a clip should be placed on the gauze to make it radiopaque. If the 
bleeding originates from a small lacerated vein, it can generally be controlled with cau-
tery, clips, or the flat blade of harmonic scissors. If the venous injury is more extensive, 
such as to the hepatic vein or a branch of the portal vein, one should not hesitate to con-
vert and perform a limited subcostal incision which will then allow precise action and 
enable the operation to be concluded safely. It should be stressed that conversion is not 
an admission of failure, but sound surgical judgment.

B

C

A

D

E

S1

S2

FA

CA

Fig. 4.12  Hand-assisted laparoscopic surgery using the four hands technique; the incision 
(dotted line) is for the nondominant left hand of the main surgeon (S1). A camera; B surgeon’s 
right hand for harmonic shears; C second surgeon’s left hand; D second surgeon’s right hand; 
E fan or suction irrigation device. S1 main surgeon; S2 second surgeon; FA first assistant
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Control of biliary leaks by the use of clips, is generally easy because the biliary 
drainage can be seen clearly under the magnification provided by the laparoscope.

One cannot overemphasize the importance of careful handling of the large vessels 
in the presence of CO2 pneumoperitoneum, and the avoidance of injury from scissors. 
Finally, division of these vessels must take place only after their proper control with elec-
trocautery, clips, or ligatures.

Not all patients with liver disease are amenable to laparoscopic surgery.

�� Cirrhosis and cholangitis are excluded.
�� Lesions located in “safe” laparoscopic segments only are included (II, III, IVA, V, and VI).
�� Posterior lesions in segments VII, VIII, I, and IVB impinging on the IVC or hepatic 

veins are contraindicated for laparoscopic approach.

Patient 
Selection
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Principles of Surgical Therapy in the Management 
of Gastroesophageal Reflux Disease

Surgery aims to achieve the following:

�� Reduction of a hiatal hernia and resection of the sac if present
�� Fixation of the lower esophageal sphincter in the abdomen, allowing it to function 

under positive intra-abdominal pressure
�� Closure of the crura behind the esophagus to keep the wrap in the abdomen
�� Ensuring an adequate length of the intra-abdominal sphincter
�� Correcting the defective sphincter pressure while still allowing the sphincter to relax 

on swallowing.

Obtaining a fine balance of the sphincter pressure is critical to avoid postoperative com-
plications such as dysphagia or gas bloating.

The technical goals are closure of the diaphragmatic crura behind the esophagus 
and fundoplication creating a short floppy wrap of 15–20 mm in length. Mobilization of 
the wrap is achieved by division of the short gastric vessels, and calibration of the wrap 
is performed around a 60 Fr bougie (Fig. 5.1).

Patient Positioning

The patient is placed in lithotomy position. The surgeon stands between the patient’s 
legs with the monitor directly ahead. The first assistant stands to the surgeon’s right and 
the camera assistant to the surgeon’s left. The patient’s arms are tucked (Fig. 5.2).

Nissen 
Fundoplication

Esophageal  
Surgery

	

5
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The patient’s pelvis should be secured to avoid sliding when in steep reverse 
Trendelenberg. It is important to make sure that the legs are extended to avoid conflict 
between the elbows of the surgeon and the knees of the patient, and to enable the sur-
geon to operate comfortably. As always, the patient should be carefully cushioned to pre-
vent pressure injuries, and have sequential compression devices on to prevent deep vein 
thrombosis.

Technique

Pneumoperitoneum is established using a Veress needle inserted at the umbilicus. Once 
the usual security precautions have been performed using a 10 mL syringe, an incision is 
made to insert the first and most important port for the laparoscope. If this first port is 
inserted too low the surgeon will have only a flat horizontal view of the hiatus and the 
stomach will block the view. If the port is inserted too high on the midline, the surgeon 
will not have the necessary “panoramic view” to evaluate the entire operative field. The 
position of this port depends on the patient’s habitus. As a rule of thumb the first port is 
inserted close to the midline at about two-thirds of the distance down between the 
xiphoid process and the umbilicus, and slightly to the left of the midline to avoid the 
falciform ligament.

60 Fr Bougie Division of
short gastric
vessels

2 cm

Fig. 5.1   “Gold standard Nissen” fundoplication according to DeMeester = short, floppy wrap 
calibrated around a 60 Fr bougie



	 Nissen Fundoplication� 69

The second 10–12  mm port is placed just under the xiphoid process, with care 
being taken to avoid branches of the superior epigastric vessels. This port will be used to 
introduce the liver retractor. The blunt round tip of the device affords less danger of 
traumatizing the left lobe, although a standard atraumatic fan retractor can be used.

The third port to be inserted is the right lateral one, for the grasping instruments in 
the surgeon’s left hand. The fourth is the left lateral trocar used by the first assistant; this 
port is placed in line with the right lateral trocar, a few centimeters under the left costal 
margin. The fifth port is for the operating instruments in the surgeon’s right hand and is 
placed midway between the video laparoscope and the left lateral trocar. All five ports are 
triangulated with one another to enable comfortable operation and form a diamond 
with extension to the left (Fig. 5.3).

When the ports have been inserted the operating table is placed in steep reverse 
Trendelenburg. This causes the stomach and other organs to fall away from the dia-
phragm, providing better access to the hiatus. The operation should be performed metic-
ulously and with careful hemostasis to avoid obscuring the vision with blood or other 
fluids pooling under the diaphragm. Irrigation should thus be kept to a minimum.

Fig. 5.2   Patient positioning for Nissen fundoplication. S surgeon; FA first assistant; CA camera 
assistant
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The steps of the procedure can be summarized as follows:

	1)	Access the hiatus by opening the avascular aspect of the lesser sac and preserving the 
hepatic branch of the left vagus nerve whenever possible.

	2)	Identification of the important landmarks that will lead to the hiatus; i.e., the caudate 
lobe to the right, and the right crus to the left of the caudate lobe.

	3)	Dissection between the esophagus and right crus in an avascular plane, and identifi-
cation of the right vagus nerve.

	4)	Demonstration of the left crus from the right side (the left crus and the right crus 
form a V shape).

	5)	Creation of a retroesophageal window beginning below the left crus and under the 
esophagus.

	6)	Division of the phrenoesophageal membrane and the angle of His, preserving the 
branches of the left vagus nerve.

	7)	Demonstration of the left crus on the left side of the esophagus.
	8)	Completion of the window to allow the passage of the wrap and placement of a 

Penrose drain around the esophagus.
	9)	Division of the short gastric vessels starting at the mid fundus, and proceeding supe-

riorly until the angle of His is encountered and the fundus can be flipped medially 
and the left crus is clearly seen behind the rolled fundus.

Fig. 5.3   Port positions for Nissen fundoplication. A supraumbilical laparoscope; B subxiphoid 
trocar for liver retractor; C grasper in surgeon’s left hand; D grasper for first assistant; E opera
ting port. S surgeon; FA first assistant; CA camera assistant
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	10)	Reconstruction of a normal hiatus by closure of the crura behind the esophagus, 
creation of the wrap calibrated around a 60 Fr bougie by sliding the posterior fundus 
behind the esophagus and fixing it to the anterior fundus, the end result being a short 
15–20 mm floppy wrap.

 Access to the Hiatus. After retraction of the left lobe, the avascular aspect of the lesser 
sac is demonstrated and is exposed with the left hand using an atraumatic grasper 
without ratchets while the assistant exposes by retracting the stomach, giving more 
freedom for tissue manipulation (Fig. 5.4a). The harmonic shears are held in the right 
hand and used to divide the “window.” Care is taken to preserve the hepatic branch of the 
left vagus when possible, although inadvertent division of this branch does not seem to 
have any postoperative consequences such as dumping, diarrhea, or increased incidence 
of gallbladder stones. Another important structure that may be encountered in this area 
is an accessory left hepatic artery, which can be clamped with an atraumatic grasper and 
then divided if there is no evidence of ischemia of the left lateral lobe.

One can now identify the caudate lobe on the right side, and just adjacent to the 
caudate lobe the pink color of the right crus will be visible (Fig. 5.4b). At this point the 
anesthesiologist is asked to mobilize the nasogastric tube, thus putting the esophagus on 
tension, helping to confirm its identification. The dissection is begun by grasping the 
right crus with an atraumatic grasper, and using the harmonic scalpel, an incision is 
made on the peritoneum overlying the right crus. This will lead to an avascular plane 
between the esophagus and the right crus. It is of paramount importance to stay on the 
right crus during this part of the dissection.

The plane is opened with a sweeping motion using laparoscopic Babcocks, and the 
posterior trunk of the vagus nerve can usually be found easily, either along the right side 
of the esophagus or running on the left crus. The posterior vagus can be identified by its 
white color and the small blue veins covering its surface. It is usually a large trunk and 
will resist attempts to tear it with a grasper. It is left in place, and no attempt should be 
made to dissect it off the esophagus to avoid devascularization.

 Identification of the Left Crus at the Right Side of the Esophagus. This is one of the 
key elements of the procedure. Indeed, identification of the left crus at the right side of 
the esophagus will lead to a demonstration of the crural V shape decussation that will 
help the creation of a window under the esophagus used to bring the wrap around the 
esophagus (Fig. 5.5).

 Creation of a Window Under the Esophagus. The window is created using a Babcock 
grasper. This requires a gentle opening and closing motion of the grasper’s jaws behind 
the esophagus without ever fully grasping it. Another technique is a sweeping 
“breaststroke” motion of two atraumatic graspers. A space for the wrap is thus created 
below the left crus and posterior to the esophagus (Fig.  5.6). It is not necessary to 
completely dissect blindly behind the esophagus, but rather stop at this point and proceed 
to the next step.
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Fig. 5.4  (a) Approach to the hiatus in Nissen fundoplication, and (b) critical landmarks

a

b
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Fig. 5.5  Creation of a window below the left crus in Nissen fundoplication. Critical 
landmarks

Fig. 5.6  Completion of the retroesophageal window
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Fig. 5.7   Division of the phrenoesophageal membrane with preservation of both vagus nerves

 Division of the Phrenoesophageal Membrane. The phrenoesophageal membrane is 
divided after it has been dissected out from the anterior aspect of the esophagus, 
preserving the terminal branches of the anterior vagus nerve. This will expose the fat 
pad indicating the position of the angle of His and the gastroesophageal junction 
(Fig. 5.7). The dissection can be accomplished with harmonic shears.

At this point, a change in the angulation of the 30-degree laparoscope allows iden-
tification of the left crus on the left side of the esophagus. After this is done, the passage 
behind the esophagus can be completed. A right-angled dissector passed from the right 
to the left side will allow safe insertion of a Penrose drain around the esophagus; the 
drain is then clipped or endolooped to itself to prevent dislodgement from around the 
esophagus. This clear dissection technique avoids blind creation of the retroesophageal 
window, with the possibility of injury to the posterior aspect of the esophagus as reported 
in some series, leading to perforation and delayed mediastinitis. Once the Penrose drain 
is around the esophagus, it is pulled up and the window is enlarged by division of some 
avascular adhesions (Fig. 5.8a, b). In some patients, a small artery is found, which requires 
division between clips.

 Division of the Short Gastric Vessels. Many surgeons are reluctant to perform this 
step because of the potential threat of bleeding. Nevertheless, it can be performed safely 
if simple rules are followed. The stomach is grabbed by the left grasper of the surgeon, 
and the lateral aspect of the gastrosplenic ligament is put under tension superiorly and 



	 Nissen Fundoplication� 75

Fig. 5.8   (a) Insertion of a 12 cm Penrose drain around the esophagus, and (b) securing the 
drain with an Endoloop

laterally by the atraumatic grasper of the first assistant. An atraumatic grasper is 
important here to be able to control bleeding in the ligament (Fig. 5.9).

The surgeon then divides the short gastric vessels, starting at mid fundus and 
advancing superiorly until a point is reached where these vessels are very short and close 
to the spleen. The harmonic scalpel (Ethicon Endo Surgery, Inc.) is used in a scooping 
motion to create windows between the short gastric vessels (Fig.  5.10a). Some of the 
larger vessels are secured between clips (Fig. 5.10b).

a

b
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Fig. 5.9   Division of the short gastric vessels

The dissection proceeds superiorly until the final short gastric vessel is divided 
(Fig. 5.11). The last short gastric vessels are closely attached to the spleen, and should be 
divided cautiously using a right angle to carefully dissect each vessel. A useful trick is to 
move the scope to the most lateral left trocar to look at the posterior aspect of the stom-
ach to ensure that no short gastric vessels adherent to the peri-pancreatic fat are missed. 
This complete division of all short gastric vessels and subsequent mobilization of the 
fundus allows for the creation of a very floppy wrap.

The dissection is complete upon rolling the mobilized fundus medially when one 
can see the left crus and the Penrose drain around the esophagus at the left side of the 
esophagus.

The next step is to identify the posterior aspect of the fundus and differentiate it 
from the anterior fundus. In this procedure only the posterior fundus will be passed behind 
the esophagus. This is the concept of a balanced wrap. To bring the posterior fundus 
around, one can push it gently into the retroesophageal window, or one can grab it with 
an atraumatic Babcock grasper.

The above procedure contrasts with the Rossetti operation in which a sling mecha-
nism is created by passing the anterior aspect of the fundus around the esophagus and 
suturing it to another part (often the body) of the stomach. Unfortunately, this creates an 
unbalanced wrap, putting the gastroesophageal junction under lateral tension, twisting 
it, and potentially resulting in postoperative dysphagia (Fig. 5.12).



	 Nissen Fundoplication� 77

Fig. 5.10   (a) Division of the gastrosplenic ligament using clips, and (b) division of the short 
gastric vessels using harmonic scissors

a

b
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Fig. 5.11   Narrow angle of dissection during division of last short gastric vessels

Fig. 5.12   Rosetti fundoplication (sling effect)
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 Crural Closure and Fundoplication. The crura are then closed behind the esophagus 
with three or four interrupted stitches of 2–0 Ethibond sutures on an SH needle point. 
The thread should be at least 35 in. (90 cm) if extracorporeal knotting is performed or six 
inches (15 cm) if intracorporeal knot tying is chosen (Fig. 5.13).

The knots are tied extracorporeally either by using a Roeder’s knot-tying technique 
or by sliding each half knot using a knot pusher. Both techniques are acceptable and the 
surgeon should choose the one with which he or she is most comfortable. The closure is 
calibrated by passing a Babcock grasper between the esophagus and the last row of 
stitches to ensure that the closure is not too tight. After this, the wrap is passed through 
the retroesophageal window, with care being taken to pass the appropriate part of the 
posterior fundus as described above. One trick is to let the fundus lie behind the esopha-
gus: if it stays in place, the wrap is probably not under tension; if it rolls back, another 
aspect of the fundus should be taken to ensure that the wrap is absolutely floppy.

The next step is insertion of a large (60 Fr) bougie by an experienced anesthesiolo-
gist under direct scrutiny by the surgeon. Cephalad esophageal retraction must be 
avoided in this process. Calibration around a large bougie leads to the creation of an 
appropriately floppy wrap that will allow efficient restoration of the resting pressure  
of the sphincter and good relaxation of the sphincter on swallowing. The wrap is sutured 
by placing two or three stitches of 2–0 Prolene on an SH needle (Fig. 5.14). The knots  
are tied appropriately, with six or seven throws being necessary. Care must be taken  
to pass the suture through the full thickness of the stomach, but only through muscle 
into the esophagus so as not to contaminate the gastroesophageal junction by a full-
thickness bite into the esophageal mucosa. The wrap should have a maximum length of 
2 cm.

Fig. 5.13   Closure of the crura behind the esophagus
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Finally, the hiatal area is irrigated and a careful check is done for hemostasis. All 
fluids must be aspirated with the patient in a normal position to avoid residual fluid in 
the left hypochondrium. The ports are removed and all wounds are closed. A nasogastric 
tube is left in place for 24 h selectively.

Postoperative Course

Patients are encouraged and assisted to ambulate the same night after surgery. They are 
started on a liquid diet on the first postoperative day and allowed a very soft diet later. A 
patient who has normal vital signs, urinates well, and tolerates fluids and a soft diet is 
authorized to leave the hospital as early as the first or second postoperative day.

Early in the author’s experience, all patients were given a gastrographin upper gas-
trointestinal study to ensure the wrap was in place and there was no leak. This is no 
longer done as confidence in the operation has been gained. Patients are advised of the 
importance of continuing on a very soft diet for about 30 days, fractioning the meals to 
five a day and avoiding carbonated sodas, meat, chicken, and bread. This minimizes the 
temporary swallowing discomfort that some patients experience.

Fig. 5.14   Short floppy fundoplication around a 6OFr bougie
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Management of Complications

During the operation one may encounter bleeding, esophageal perforation, or splenic 
injuries. Splenic injuries are more frequently reported in open surgery and have become 
rare incidents in laparoscopic procedures. Two other problems might be encountered 
postoperatively: mediastinitis and subphrenic abscesses due to delayed esophageal necro-
sis, mechanical problems associated with a tight wrap, a slipped wrap, or early breakdown 
of the repair.

 Bleeding During the Procedure. Some bleeding may occur during the process of 
dissecting behind the esophagus while creating the window. It is very hazardous to use 
electrocautery to stop the bleeding, especially in the blind area behind the esophagus. 
Compression with a piece of laparoscopic 2 × 2  in. gauze inserted through one of the 
trocars will usually control a minor bleed, such as from a small esophageal vein.

More severe bleeding may occur during division of the short gastric vessels, with 
the formation of a large hematoma in the gastrosplenic ligament that renders the dissec-
tion very difficult. It is therefore advisable to control the vessel immediately using  
an atraumatic clamp, clean and irrigate around the area, and then selectively apply clips 
to the bleeding site. The flat blade of the harmonic shears also works well in this 
situation.

Bleeding from an injury to the spleen is more difficult to control. Again, compres-
sion using 2 × 2  in. gauze is best employed, together with application of high-vol- 
tage monopolar current. If the splenic injury is not very large it may be possible to  
control the situation by applying collagen pads or other hemostatic products, such as 
Tisseel. If the bleeding is not controllable, the decision for conversion should be made 
promptly.

 Perforation of the Esophagus. Esophageal perforation can occur during insertion of 
the large bougie. Such an incident is preventable if the bougie is inserted very slowly by 
an experienced anesthesiologist under supervision of the surgeon, carefully avoiding 
anterior retraction of the esophagus that angles the esophagus and leads to perforation 
(Fig. 5.15). If theperforation is recognized during the operation, and if the level of skill of 
the surgeon is high, the perforation can be closed laparoscopically and the fundoplication 
can be applied as a “plasty” procedure to cover it. Otherwise, conversion should be the 
rule for repair.

Any postoperative fever, tachycardia, or signs of intraabdominal sepsis can indi-
cate esophageal perforation. Even a modest left pleural effusion should raise the alarm. 
This complication is severe and may lead to death; it should be ruled out immediately 
by a gastrographin swallow or a CT scan with oral and IV contrast followed by upper 
gastrointestinal endoscopy if necessary. If an esophageal perforation is confirmed and 
the patient has become severely septic, the only option is to operate immediately to 
divert the esophagus. Diversion is the safest way to save the patient’s life and is prefer-
able to a primary closure of the perforation. At this stage, it is best done using an open 
approach.
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 Mechanical Problems. Mechanical problems can be related to a tight, slipped, or 
broken wrap (Fig. 5.16).

These complications are avoidable because they are the result of a flawed technique. 
Breakdown of the wrap is due to dislocation of the sutures from the stomach and the 
esophagus. Tightness is due to nondivision of the short gastric vessels or noncalibration 
with a 60 Fr bougie. Tightness leading to dysphagia is an indication for dilation via upper 
GI endoscopy. If this is not successful, then the wrap has to be taken down. This can be 
done laparoscopically if the surgeon has special expertise, but it is safer to perform the 
operation using an open approach. The same remark applies to breakdown of the repair 
due to improper suturing. One should also distinguish a slipped wrap caused by the 
sutures not involving the esophagus and allowing the stomach to “slip” behind the wrap 
from a wrap that was initially performed around the body of the stomach and not around 
the gastroesophageal junction; they present similarly on X-ray.

A final comment should be made about the short esophagus. This is usually 
defined on endoscopy as a distance of more than 4 cm between the gastroesophageal 
junction and the crura. A short esophagus is usually associated with a complication 
such as a stricture or Barrett’s esophagus. Technically it is possible to lower the gastro-
esophageal junction by a careful dissection of the esophagus in the mediastinum. With 
a very short esophagus, the only possibility could be to approach it through a thora-
cotomy and perform a lengthening procedure (such as a Collis–Belsey). While it may 
be possible to bring the “short” esophagus down, it is definitely safer to perform an 

Fig. 5.15  A common site of esophageal perforation on its posterior aspect
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Fig. 5.16   Mechanical complications after Nissen fundoplication: (a) tight wrap; (b) slipped 
wrap; (c) breakdown of the repair

antireflux procedure through a thoracic approach than to struggle to put a wrap inap-
propriately under tension around the body of the stomach or around the esophageal 
body itself. An elegant solution is the performance of a laparoscopic abdominal Collis 
gastroplasty.

A 48 French bougie is inserted into the stomach and positioned along the lesser 
curvature, under laparoscopic control. A 21 or 25 size circular stapler is introduced 
through one of the left lateral ports, which is enlarged to accommodate a 33 mm port. 
The central rod of the stapler perforates first the posterior and then the anterior gastric 
wall at a distance of about 4 cm from the angle of His, and the anvil is introduced into 
the abdominal cavity. The anvil is connected to the rod using specially designed laparo-
scopic forceps. The circular stapler is fired, thus creating a punched hole in the stomach. 
An endolinear cutter 60 is then introduced and the jaws placed in the gastric hole with 
the tip pointing at the angle of His. The cutter is fired thus creating a Collis lengthening 
gastroplasty (Fig. 5.17). The staple lines are inspected and checked with methylene blue 
for potential leaks. Two running sutures will secure the staple lines. The procedure is 
completed with the creation of a floppy Nissen fundoplication with the remaining 
fundus.

Another technique is a fundectomy with a Collis–Nissen. After mobilizing the fun-
dus, it is divided and resected using several firings of horitzontally placed cutters with 
blue loads. Then an articulating cutter, which has been calibrated with a 40 Fr Bougie, is 
placed vertically along the side of the esophagus and fired, creating a lengthened “neo-
esophagus.” The fundus is then wrapped around this neoesophagus in the usual 
manner.

a b c
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The Toupet operation consists of a posterior partial wrap and is usually reserved for 
patients with poor esophageal motility on preoperative manometry, with a positive 24 
pH study indicating gastroesophageal reflux disease. These patients benefit from a par-
tial 270-degree wrap rather than a 360-degree wrap that puts the patient at risk of post-
operative failure due to dysphagia.

The original Toupet fundoplication was an extensive procedure with mobilization 
of the preaortic fascia behind the posterior fundus, allowing sliding of the fundus in the 
retroesophageal window. The operation also fixed the wrap to the crura on each side. The 
right part of the posterior fundus was fixed to the right crura and the left part of the 
fundus was fixed to the left crura; then both aspects of the wrap were fixed to the ante-
rior aspect of the esophagus, producing four lines of sutures of three sutures each, total-
ing 12 sutures. Two more stitches incorporated the esophagus, resulting in a wrap fixed 
with 14 sutures. The problem with the technique is that it transforms a mobile wrap into 
a wrap fixed to the crura (Fig. 5.18).

It is well known that with belching or vomiting, or simple swallowing, the gastro-
esophageal junction has vertical movements that put a wrap under tension. Moreover, 
the crura have closing and opening mechanisms on respiration that increases tension in 
the wrap with the risk of breakdown of the repair with time.

An elegant solution is presented by the Fekete–Toupet modified fundoplication 
(Fig. 5.19). This consists of closure of the crura behind the esophagus and passage of the 
posterior fundus behind the esophagus, as with the Nissen fundoplication described 

Fig. 5.17   Laparoscopic abdominal Collis gastroplasty. Dotted arrow indicates direction of 
firing of the stapler. Solid curved arrow indicates fundoplication
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Fig. 5.18   The original Toupet fundoplication (270°)

Fig. 5.19   Modified Fekete–Toupet fundoplication
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above. However, instead of using a 360-degree wrap, a 180–270-degree wrap is used and 
sutured selectively to the esophagus, leaving one portion of the esophagus free from any 
wrap. The wrap is not fixed to the crura. This arrangement may prevent early breakdown 
of the repair. The basic procedures are identical in all respects to the Nissen fundoplica-
tion, with a takedown of short gastric vessels, but only six sutures are used to fix the wrap 
to the esophagus.

Patient positioning and port placement are the same as Nissen funduplication. The her-
nia may contain part or all of the stomach, colon, or omentum. The important step is to 
separate the hernia sac from the pleura and not pull the hernia contents inside the abdo-
men, since they will be pulled back to the hernia sac right away. The first step is division 
of esophago-phrenic membrane. This starts on the right crura, extending superior-
anteriorly toward the angle of the His. Then the hernia sac is dissected from the right 
crura extending toward the chest (Fig. 5.20). One should be careful not to open the pleura, 
which will result in a pneumothorax. The anesthesia team should periodically check for 
breath sounds and peak inspiratory pressure to make sure there is no tension pneumo-
thorax. If that is the case the insufflation should be stopped right away and a chest tube 
should be placed.

Paraesophageal
hernia

Spleen

Stomach

X

Fig. 5.20   Dissection of hernia sac in paraesophageal hernias. Dotted line shows the line of 
excision; X the key of the resection of the hernia sac at the angle of His
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The dissection continues on the left side; the key to the dissection is the angle of 
His. If the sac is completely resected there, the stomach will be more easily reduced from 
the chest. (Fig. 5.20). The short gastric vessels are taken down as previously described. 
The dissection continues on the left crura until the two planes of dissection reach each 
other. Then the esophagus is dissected posteriorly from both the right and left crura and 
a penrose drain is placed around the esophagus. At this point all the contents of the her-
nia sac should be reduced inside the abdominal cavity.

The crura are closed with intrupted nonabsorbabale sutures. One should be careful 
as a tight closure may result in dysphagia. Also if the closure is completely performed 
posterior to the esophagus, it may result in an angled esophagus. In most instances, we 
reinforce the closure with a piece of absorbable or biological mesh, cut in a U shape, that 
can be placed around the esophagus on the crura, and fixed in place with sutures or 
absorbable tacks. (Fig. 5.21).

After this step, a Nissen or Toupet fundoplication is performed based on preopera-
tive studies.

Fig. 5.21   Placement of biologic or biosynthetic patch or mesh as a reinforcement of the 
crural closure
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Fig. 5.22   Esophageal Heller myotomy using the scissors

Fig. 5.23   End of the dissection in esophageal myotomy
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The patient position is the same as for Nissen fundoplication. The port positions are also 
the same.

On starting the esophageal myotomy it is essential to visualize the gastroesophageal 
junction. This is achieved by division of the phrenoesophageal membrane, the dissection 
proceeding from right to left. The fat pad indicates the angle of His. At this point the 
gastroesophageal junction is revealed.

The myotomy is started on the esophagus itself, and should be about 8 cm long. The 
inferior aspect of the myotomy should be started just at the junction between the esoph-
agus and the stomach, and extend 10–20 mm on the gastric side. First, two graspers are 
used to grasp the esophagus. A scissor is employed for the myotomy after creating a 
small groove in the muscular layer of the esophagus to allow its introduction (Fig. 5.22). 
By combining a spreading motion between the two layers of the esophagus, and dissec-
tion with the scissor just dividing the muscular layer, it is possible to see the white, pale 
esophageal mucosa bulging between the layers (Fig. 5.23). Traction on the layers, with 
electrocautery by the hook, will allow safe division of the final muscular layers of the 
diseased esophageal segment.

On completion of the myotomy, the integrity of the mucosa is tested by filling the 
esophagus with about 300 mL of diluted methylene blue. If a small mucosal perforation 
is revealed, it is possible to insert a stitch of 3–0 Prolene suture, but it is advisable to add 
an anterior fundoplication (Dor) to the myotomy as an extra safety measure, and to pre-
vent reflux postoperatively.

Finally, if one believes that measures are needed to prevent postoperative gastroesoph-
ageal reflux, it is also possible to add a posterior 180–270-degree Toupet fundoplication.

Bilateral Truncal Vagotomy

Truncal vagotomy is not a difficult procedure and should take no more than about 20 min. 
The patient setup and the surgeon’s position between the patient’s legs, with the assistants 
on each side, are the same as for all approaches to the hiatus. The landmarks are also the 
same: the avascular aspect of the lesser sac that, once opened, leads to the caudate lobe of the 
liver, and the right crus of the diaphragm at the left side of the caudate lobe (Fig. 5.24a).

The right crus of the diaphragm is grasped by the left grasper in the left hand of the 
surgeon, and the harmonic shears are used to create a small space between the esopha-
gus and the right crus. This space is avascular. With spreading movements of both the 
shears and the grasper, the space is enlarged, leading to visualization of the left crus of 
the diaphragm. If the left crus is not immediately recognized, it is possible to follow the 
right crus down until it connects with the left crus.

The search for the right vagus nerve begins at this point. It usually lies on the back 
wall of the esophagus, or next to either the right or left crus. The posterior vagus nerve is 
a big trunk that cannot be missed: it is white, with small veins running on its surface, and 
it is elastic and resistant to pulling. The posterior vagus is divided between clips, and a 
piece is sent for pathological examination (Fig. 5.24b).

At this point it is possible to divide the phrenoesophageal membrane that covers most 
of the branches of the left vagus nerve. The left grasper is used to pull up on the membrane, 
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Fig. 5.24   Bilateral truncal vagotomy: (a) landmarks, and (b) divisions of vagus nerves

while the harmonic shears create a dissection plane between the esophagus and the mem-
brane. Clips can be placed as the esophageal membrane is divided to avoid any oozing of 
blood, or the harmonic shears can be used. Dissection is continued until the angle of His is 
reached in the area of the fat pad. It should now be possible to recognize one or two trunks 
of the left vagus nerve, which will be divided in the same manner as the right vagus nerve.

A 30-degree laparoscope should be used to check the posterior aspect of the left 
border of the esophagus. In this area one should look in particular for the “criminal” 
nerve branches of Grassi that usually run on the left side of the esophagus. It is crucial to 
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divide these to ensure a total vagotomy (Fig.  5.25). If they are missed, the chances of 
recurrence of an ulcer are greatly increased. If necessary, one should go back and create 
a small window behind the esophagus to enable division of these “criminal” branches.

Finally, the area is thoroughly rinsed and aspirated, and hemostasis completed as 
needed.

Highly Selective Vagotomy

This operation proceeds in the same manner as for open surgery. It is important to rec-
ognize the landmarks that are part of the operation: the greater gastric nerves of Latarjet, 
terminal branches of the right and left trunks of vagus nerves, and the crow’s foot at the 
antrum. Each crow’s foot has between three and five branches. The greater nerves of 
Latarjet before their ending give rise to several fundic branches that need to be divided 
to assure a complete highly selective vagotomy (Fig. 5.26).

The beginning of the operation is tedious because one has to create a dissection 
space in a very narrow angle. This is achieved by dividing a large vessel next to the last 
branch of the crow’s foot, which will permit division of all the branches together with the 
vessels, starting from below and moving in a cephalad direction towards the esophagus. 
It is important to stay close to the lesser curvature of the stomach and avoid the main 
trunk of the gastric nerve. Indeed, a hematoma may cause compression of the nerve, or 
even incorrect identification of the nerve and the risk of injury will be greater.

The technique of dissection is to create a window between each vessel and nerve. 
These windows are created with harmonic shears. Then with a scooping motion each 
vessel is mobilized and clips are applied (Fig. 5.27). It is important to start with each leaf, 
of which there are usually three:

Fig. 5.25   Division of the “criminal” nerve branches of Grassi in bilateral truncal vagotomy
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Fig. 5.26   Anatomical landmarks in highly selective vagotomy

Fig. 5.27   The general technique of division of vessels, applying to highly selective vagotomy, 
gastrectomy, splenectomy, and Nissen fundoplication. (a) dissection with curved scissors, (b) 
placement of clips, (c) division of vessels between double clips

a

b
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Fig. 5.28   Highly selective vagotomy using clips

�� An anterior leaf containing all the vessels and nerve branches of the anterior greater 
nerve of Latarjet

�� A middle leaf, usually devoid of any vessels
�� A posterior leaf containing vessels and the branches of the posterior greater nerve of 

Latarjet

It is imperative to go all the way up to the gastroesophageal junction, and then as in open 
surgery to continue on the anterior aspect of the esophagus until the angle of His is reached. 
Then division is started again at the antrum and proceeds in a cephalad manner until the 
lesser sac is completely opened, which will signify division of all the fundic branches of the 
two greater nerves of Laterjet. It is important to make sure that at least 3 in. (8 cm) of the 
esophagus is skeletonized superiorly, but care must be taken not to divide or injure the 
main trunk of the vagus nerves themselves (Fig. 5.28).

If there is bleeding of a small vessel next to the lesser curvature it is possible to grab 
the vessel. However, sometimes it is as convenient and more effective to grab the lesser cur-
vature itself with an atraumatic clamp, which should always be available when performing 
this operation. Subsequently, the general principles apply: pan out the video camera, irri-
gate and clean the area around the bleeding, and then do selective hemostasis by using 
either clips or electrocautery.
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Caution is necessary when using extensive electrocautery next to the lesser curva-
ture, which could lead to injury to the organ and a seromuscular perforation. The author 
therefore recommends the use of clips rather than monopolar electrocautery on the 
lesser curvature itself. Alternatively, a highly selective vagotomy can be performed using 
harmonic scissors (Fig. 5.29). The great advantage is that there is no need to create win-
dows. Harmonic scissors are welding tools that enable one to perform the operation 
safely in less than 2 h, minimizing lateral injury to the stomach or to the nerves of Latarjet.

Lesser Curvature Seromyotomy and Posterior Truncal Vagotomy

This is a technique that has been popularized in open surgery by T. V. Taylor and was 
performed by the author as the first published laparoscopic vagotomy technique. It com-
bines a posterior truncal vagotomy, as described earlier, with an anterior lesser curvature 
seromyotomy. The anterior lesser curvature seromyotomy starts at the posterior aspect 
of the angle of His, proceeds parallel 10–15  mm from the lesser curvature, and ends 
approximately 6 cm from the pylorus at the first branch of the crow’s foot.

Both aspects of the stomach are grasped and the dissection is started by creating a 
small groove between the graspers, using an electrical hook. The combination of traction 
by the graspers and the electrocautery leads to exposure of the submucosal layer, which 
can be recognized by its blue color. It is not necessary to go beyond the submucosal layer. 

Fig. 5.29   Highly selective vagotomy using harmonic scissors
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If one crosses this layer, oozing will be encountered. The risk of opening the mucosa at 
this point is great. If one stays at the submucosal layer, the risk of opening the mucosa is 
absolutely minimal.

Starting at the angle of His, the seromyotomy goes down to include the last branch 
of the crow’s foot. It is recommended that two or three large vessels running on the ante-
rior aspect of the stomach are divided before one starts the seromyotomy, as initially 
advocated by Taylor in open surgery (Fig.  5.30). This is done by using the harmonic 
shears.

When the seromyotomy is complete, a continuous suture is placed in an overlap 
fashion to bring the two edges of the stomach on each other. This will prevent nerve 
regeneration and blood oozing, and therefore postoperative adhesions (Fig. 5.31).

Fig. 5.30   Posterior truncal vagotomy and anterior lesser curvature seromyotomy
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Fig. 5.31   Closure of the seromyotomy in an overlap fashion
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A laparoscopic Heineke–Mikulicz pyloroplasty is performed in the same way as an 
open surgery. The most commonly encountered difficulty is recognition of the pyloric 
muscle through the scope.

For this reason it is advisable to note some of the landmarks that can be sought out, 
such as the pyloric vein of Mayo running on the muscle’s surface and the change in diam-
eter between the distal end of the stomach, the pyloric area, and the postpyloric region. 
It is usually possible to identify the pylorus using these anatomical features; however, in 
case of difficulty, the procedure can begin and once underway, a laparoscope can be 
inserted into the duodenum from the gastric side of the pyloroplasty, permitting recog-
nition of the pyloric muscle by the change in caliber. Even then it can sometimes be dif-
ficult to identify the pylorus. In such cases, one can remove one trocar, insert a finger into 
the opening after partially deflating the abdomen and locate the pylorus by palpation 
(Fig. 6.1).

When the pyloroplasty has been created longitudinally, it is possible to suture it 
transversely exactly as in open surgery using interrupted stitches of 3–0 Prolene (the 4–0 
suture used in open surgery is a little too thin and the risk of breaking the suture is 
greater). The 3–0 suture will give adequate strength for intracorporeal or extracorporal 
knot-tying; both are possible. The author advises buttressing the pyloroplasty with a 
small omental patch as an extra safety measure (Fig. 6.2).

Pyloroplasty

Gastric  
Surgery
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Fig.  6.1  A finger inserted in one of the port openings to palpate the pyloric muscle 
(“fingeroscopy”)

Fig. 6.2  Suturing the pyloroplasty and omental patch
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The technique for hemigastrectomy is the same as for antrectomy or distal gastrectomy.
An antrectomy can be combined with a bilateral truncal vagotomy in the treatment 

of gastric outlet obstruction. Technically the procedure is the same as for open surgery. 
The various steps are as follows (Fig. 6.3):

�� Mobilization of the stomach’s greater curvature by opening the gastrocolic ligament
�� Dissection around the duodenum
�� Division of the lesser omentum and the right gastric artery
�� Transection of the duodenum
�� Reconstruction by a Biliroth II gastrojejunostomy

Port Placement

Port placement is slightly different from other upper GI operations. The laparoscope 
should be able to conveniently access both the hiatus, in the case of a bilateral truncal 
vagotomy, and the greater curvature of the stomach, especially if the stomach is dis-
tended as in gastric outlet obstruction. It should therefore be inserted at the umbilicus. 
Placement for this and the remaining ports are depicted in Fig. 6.4. Before starting the 
operation it is important to insert a nasogastric tube to decompress the stomach, thus 
avoiding any injury to the stomach upon insertion of the Veress needle.

Fig. 6.3   Steps in laparoscopic gastrectomy

Vagotomy with 
Antrectomy or 
any Distal 
Gastrectomy
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Technique

The assistant begins the procedure by retracting the greater curvature of the stomach 
using a lateral port. The surgeon uses both hands to create windows in the gastrocolic 
ligament. It is advisable to start outside the gastroepiploic arcade and divide the arcade 
at the end of the dissection (Fig. 6.5).

A key maneuver to facilitate the operation is to change the position of the camera at 
each step of the procedure to obtain a more direct view of the structures involved with 
each phase of dissection. During the first step, while working on the gastrocolic ligament, 
the camera is placed at the umbilicus and the two hands of the surgeon are positioned on 
each side of the camera. As the dissection proceeds towards the antrum and the inferior 
aspect of the duodenum, the camera is moved to the port at the surgeon’s right hand, and 
the two other ports are triangulated with the camera. These concepts are extremely impor-
tant: (a) flexibility and mobility of the camera position, and (b) triangulation (Fig. 6.6).

Before the actual dissection is begun, it is important to check on the various land-
marks: the curvatures of the stomach, the gastrocolic ligament and the gastroepiploic 
arcade, the inferior aspect of the antrum, the duodenum and the pyloric muscle, the 
lesser sac, and the right gastric artery. The limit of the antrum and proposed site of the 
gastrojejunostomy is marked using electrocautery.

Fig. 6.4   Port positions for laparoscopic gastrectomy. A umbilicus; B surgeon’s right hand (scis-
sors); C surgeon’s left hand (grasper), D assistant’s grasper; E subxiphoid port. S surgeon; FA 
first assistant; CA camera assistant
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Fig. 6.5  Initiation of the gastrectomy. An asterisk marks the beginning of the dissection (divi-
sion of the gastroepiploic arcade)

Fig. 6.6  Steps in the gastrectomy: 1 mobilization of the greater curvature parallel to the gas-
troepiploic arcade; 2 dissection of the antrum and inferior aspect of the duodenum
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The dissection begins outside the gastroepiploic arcade using a harmonic scalpel. 
Transection of the right gastroepipoic artery is performed later. Few vessels are encoun-
tered, but one should stay very close to the gastroepiploic arcade to avoid injury of the 
transverse colon. Clips can be used for further hemostasis. Dissection proceeds slowly to 
the inferior aspect of the duodenum at the area where the proposed transection will be 
performed. At this point the right gastroepiploic artery is divided between clips, rather 
than applying electrocautery or using the harmonic shears alone.

 Division of the Right Gastroepiploic Artery and Retroduodenal Dissection. Division 
of the right gastroepiploic artery precedes the posterior dissection of the duodenum. 
Using a right-angled dissector, exactly as it is used for dissection of the esophagus, a 
retroduodenal passage is created starting at the inferior aspect of the duodenum. 
Dissection then proceeds to the superior aspect of the duodenum and the right gastric 
artery is ligated between clips and divided. At this point a right-angled 10 mm dissector 
is introduced into the subxyphoid port to complete the dissection behind the duodenum, 
as the subxyphoid port is immediately in line with this dissection (Fig. 6.7).

Fig. 6.7  Creation of a retroduodenal passage using the subxyphoid port
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When the retroduodenal space has been created, an umbilical tape is passed around 
the duodenum and the window is enlarged. This permits the introduction of a 60 mm 
linear cutter through the same subxyphoid port in the same direction, and transection of 
the duodenum is carried out. Blue loads are typically used, but green loads are preferred 
if the duodenum is thickened. Two important points have to be considered:

�� The duodenum is very fragile and usually inflamed, especially in gastric outlet 
obstruction. Care should be taken to avoid crushing it with the linear cutter. If possi-
ble the cutter should be applied once, closed,and then fired. Several applications of the 
cutter without firing will only destroy the various layers and increase the risk of a 
duodenal stump leak.

�� Sometimes the use of a 30-mm cutter is recommended for laparoscopic GI surgery. 
Here, it is advisable to use one firing of a 60-mm cutter because the duodenum is not 
an easy organ to handle with cutters, and it is difficult to cross staple lines on the 
duodenum.

Once the duodenum is transected, the stomach can be pulled upward and the lesser cur-
vature is skeletonized. The posterior attachments of the stomach to the pancreas are 
divided, thus allowing full mobilization of the stomach.

Two anastomotic techniques exist for creation of the gastrojejunostomy: intra-
abdominal gastrojejunostomy and laparoscopically-assisted gastrojejunostomy.

 Intra-abdominal Gastrojejunostomy and Billroth II Reconstruction. There are two 
technical variants. After gastric transection with the linear cutters, the specimen may be 
removed through a 3 cm muscle splitting incision using one of the trocar sites (Fig. 6.8a). 
Alternatively the specimen may be left in place, the jejunal loop stapled on the posterior 
aspect of the stomach, and the specimen resected after the gastrojejunostomy has been 
performed (Fig. 6.8b). Whatever the choice, it is advisable to use several firings of a 30-mm 
cutter rather than a single firing of a 60-mm cutter which is bulky and more difficult to 
handle in this instance. Green staples are preferable on the thickened stomach.

When the gastrojejunostomy is complete, the two enterotomies are closed either 
with the specimen in place or the specimen resected and removed,. This is best done 
using intracorporeal suturing techniques with a running 3–0 Prolene suture (Fig. 6.9). 
This is preferable to the application of linear cutters that could narrow the anastomosis. 
It is also a good idea to leave the nasogastric tube in the jejunal loop to calibrate the loop 
and avoid any bites in the posterior wall while suturing the gastrotomies and 
enterotomies.

 Laparoscopic Gastrojejunostomy and Roux-en-Y Reconstruction. Possibly, a better 
way to reconstruct is to create a 70  cm Roux-en-Y. It is created in the same fashion 
described in the technique of Roux-en-Y gastric bypass in the bariatric surgery chapter, 
and the gastrojejunal anastomosis is performed as described above.
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Fig.  6.8  Intra-abdominal Biliroth II reconstruction: (a)  resection of the specimen first; 
(b) Biliroth II reconstruction first, specimen in place

a

b
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 Laparoscopically-Assisted Gastrojejunostomy. This is the author’s preferred 
technique. It is more straightforward and requires no greater muscle incision than that 
for removal of the specimen. The rationale is to exteriorize the stomach and jejunum 
through a 3 cm muscle splitting incision in the left rectus muscle by enlarging the 10 mm 
trocar port used for the introduction of the instruments.

To inspect the bowel and pick up the jejunal loop, the surgeon moves to the right 
side of the patient, who is put in the Trendelenburg position. This will expose the small 
bowel, while the assistant retracts upward on the transverse colon. The jejunal loop that 
will be exteriorized is marked with endoclips for identification: this can be one small 
mark proximally and two marks distally (Fig. 6.10). The Bilroth II is then performed as 
in open surgery and the stomach is replaced in the abdomen (Fig. 6.11).

At the conclusion of the procedure there are two useful final steps. First, until the 
surgeon gains experience with this operation, the stomach should be checked for leaks by 
filling it with methylene blue and inflating. Second, placing the patient in a Trendelenburg 
position ensures that all fluids are collected above the mesocolon and aspirated, as some 
enteral fluid may remain and promote abscess creation in the postoperative period.

Fig. 6.9  Closure of the gastrotomy and enterotomy and resection of the specimen
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Fig. 6.10  Exposure of the jejunum in gastrectomy. The surgeon (S) moves to the right side of 
the patient and the scope is oriented down towards the pelvis

If the patient’s condition is stable, and peritonitis is diagnosed within 12 h of onset, it is 
possible to perform an operation laparoscopically (after 12 h, chemical peritonitis will 
give way to bacterial peritonitis presenting with severe sepsis, and laparoscopy may not 
be recommended in this situation). Care should be taken not to use a high insufflation 
pressure which could push intra-abdominal bacteria into the blood stream leading to 
bacteremia and septic shock. Pneumoperitoneum pressure should be maintained below 
11 mmHg.

Locating the Perforation

Pneumoperitoneum is created in the traditional way. Four ports are then inserted using 
the triangulation concept, to form a diamond-shape. The surgeon stands between the 
legs of the patient, with the first assistant to the right and a second assistant to the left. 
The lead surgeon thus works comfortably with two hands, triangulated between the 
cameras (Fig. 6.12).

Perforated 
Duodenal Ulcer
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Fig.  6.11 Exteriorization of the stomach and jejunum for side-to-side stapled Biliroth II 
gastrojejunostomy

Fig. 6.12  Port positions for perforated duodenal ulcer. A umbilicus; B surgeon’s right hand; 
C surgeon’s left hand, D irrigation and suction and/or fan retractor for liver retraction. S sur-
geon; FA first assistant; CA camera assistant
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The gallbladder, which usually adheres to the perforation, is retracted by the sur-
geon’s left hand and moved upwards. The gallbladder is passed to the assistant using the 
subxyphoid port, which is placed to the right of the falciform ligament. The exposed area 
is checked and the perforation is usually clearly identified as a pinpoint hole on the ante-
rior aspect of the duodenum, which has been covered by the fundus of the gallbladder. If 
the perforation is larger than the tip of the irrigation suction device (7–8 mm) and the 
crater is inflamed and friable, it is recommended to convert to an open procedure to 
safely close the perforation following a Kocher maneuver.

Abdominal Washout

The next step is careful and thorough irrigation and suction of all the intra-abdominal 
fluid. This should be done before the closure of the perforation to avoid any inadvertent 
disruption of the sutures during the washout. This is a tedious but essential task and 
needs patience. To irrigate and aspirate the whole abdomen requires about 10 L of saline 
mixed with local antibiotics.

Each quadrant is cleaned methodically, starting at the right upper quadrant, going 
to the left, moving down to the left lower quadrant, and then finally over to the right. 
Special attention should be given to the vesicorectal pouch. Fibrous membranes are 
removed as much as possible, since they may contain bacteria. The use of a 2 × 2 gauze 
introduced through one of the ports is helpful. However, if taking out fibrin attachments 
means injuring the intra-abdominal viscus, it should be done conservatively. This is a 
judgment call.

Management of the upper quadrants requires the surgeon to stand between the 
patient’s legs. For the lower quadrants the surgeon should move to the right side of the 
patient, who should be tilted in Trendelenburg to give access to the pelvis. Special care-
should be taken to irrigate and aspirate between the loops of the small bowel. Once all 
this has been done, the patient is tilted back to the normal position for the surgeon to 
close the perforation.

Closure of the Perforation with an Omental Patch

The perforation is closed using an omental patch (Fig. 6.13).
An intracorporeal technique is preferred to avoid undue tension on the closure. It is 

advisable to insert the omental patch in the knot (true Graham patch), rather than use 
the tails of the knot to fix the patch as a result of which a small space remains between 
the knot itself and the omental patch, thereby diminishing the efficacy of the patch 
(Fig. 6.14a, b). The classic technique follows the same rules as with the original open 
Graham patch. The assistant holds the omental patch while the surgeon uses both hands 
to knot the ties. It is not necessary to place an abdominal drain if the procedure has been 
conducted appropriately.
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Postoperative Course

The patient ambulates the next day and liquids are started in moderation on the third 
day; if the vitals are normal and there is no sepsis, the patient is discharged on an anti-
helicobacter regimen for 14 days starting that day. We do not routinely order a gastro-
graphin swallow.

Fig. 6.13   Closure of the perforation
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Fig. 6.14   Omental patches: (a) a patch plugging the hole between the threads of the stitch, 
and (b) a less efficacious arrangement with the patch between the tails of the tied knots

a

b
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OR Setup and Port Placement

The patient is placed in the supine position with the left arm or both arms tucked. A foley 
catheter is always placed as in other pelvic or lower abdominal procedures to decrease 
the risk of injury to the bladder during port placement. The surgeon and the assistant 
both stand on the left side of the patient facing the monitor located on the right side of 
the patient (Fig. 7.1).

Pneumoperitoneum is created in the standard fashion using either the Hasson 
technique or a Veress needle. Care must be taken in patients who have had a longer 
course of disease if using a Veress needle, as the inflammation of the omentum and sur-
rounding small bowel increase the risk of injury to the small bowel or other structures.

The ports are inserted in an extended triangulation fashion. The laparoscope is 
placed at the umbilicus. Two 5 or 10 mm ports are inserted, one in the left lower quadrant 
in a position corresponding but opposite to McBurney’s point, and the second is placed 
in a suprapubic position. In a male patient, the right trocar is inserted in a position cor-
responding to the left (Fig. 7.2a). In a female patient, both trocars can be hidden in the 
pubic hair line if cosmesis is an issue (Fig. 7.2b). If an additional trocar is needed for 
bowel retraction or suctioning, a 5-mm port can be placed in the right upper quadrant. 
Then the patient is placed in Trendelenburg position with the right side up.

Care must be taken to avoid a “knitting needle” effect between instruments and the 
laparoscope; all ports should be placed in such a way that they have free movement and 
do not interfere with one another. The body habitus of the patient will influence place-
ment of the ports to achieve this goal.
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Appendectomy
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The surgeon’s left hand operates the Babcock grasper to retract the cecum or the tip 
of the appendix (if the appendix is in its usual paracecal position). The surgeon’s right 
hand operates a Kelly grasper to create windows in the mesoappendix. If the appendix is 
not clearly identifiable because it is retrocecal, the cecum needs to be mobilized and 
retracted medially (Fig. 7.3).

Fig. 7.1  Patient position for appendectomy. S surgeon; CA camera assistant
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Fig. 7.2  Port positions for (a) a male patient and (b) a female patient. A telescope; B surgeon’s 
right hand; C surgeon’s left hand

a

b
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Technique

There are two possible techniques that can be used to divide the appendix and mesoap-
pendix: an endoloop technique or a stapling technique.

 Endoloop Technique. The adhesions from the appendix to the surrounding organs 
and the mesentery are divided using the harmonic scalpel or bipolar forceps. The base of 
the appendix is identified next. Two endoloops are inserted and tied at the base. Another 
loop is then inserted next to the first two loops and the appendix is transected between 
the two proximal loops and the distal loop. Finally, the mucosa is cauterized (Fig. 7.4).

 Stapling Technique. A window is created at the base of the mesoappendix and a 
30-mm white vascular stapler inserted (Fig.  7.5). The mesoappendix is transected, 
followed by the base of the appendix, using a 30-mm blue stapler. The appendix is cut as 
close as possible to the cecum leaving a very short stump. The mesentery and base of the 
appendix are checked for any evidence of bleeding. If bleeding is present from staple line, 
it should be controlled by placing a clip. The appendix is placed in a bag and removed 
from the abdomen. Alternatively, if the appendix is thin, it can be pulled into the port and 
withdrawn with it, so the wound is not contaminated.

Fig. 7.3  Mobilization of the cecum in the event of a retrocecal appendix
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Fig. 7.4   Endoloop technique in appendectomy

Fig. 7.5   Stapling technique in appendectomy
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Fig. 7.6   (a) Retrograde appendectomy when the tip of the appendix is not visible (base→ 
tip), using firings of the stapler. (b) Retrograde appendectomy using clips and scissors (“clip-
cut” technique)

a

b
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If the tip of the appendix is not clearly visible, a retrograde appendectomy can be 
performed using the stapler (Fig. 7.6a). The visible base of the appendix is transected 
after creation of an appropriate window, followed by the mesoappendix, and finally the 
whole appendix is dissected out from the base to the tip. This is done as in open surgery 
and does not require specific skills. It is also possible to utilize the “clip-cut” technique 
(Fig. 7.6b). This is especially useful in a case of retrocecal appendicitis. The base of the 
appendix is stapled; clips are placed on the mesentery, and more clips are then placed 
until the tip of the appendix is completely mobilized. With the appendix removed, care is 
taken to perform thorough suctioning of the area without much irrigation, so that a 
drain is not necessary.

When the surgeon encounters an appendiceal phlegmon, it can be difficult to identify the 
appendix. In these circumstances, it may be necessary to mobilize the cecum first. This 
mobilization should be as conservative as possible so as not to open retroperitoneal 
spaces that might be contaminated (Fig. 7.3).

The cecum can then be flipped over and the appendix visualized. If this is still not 
possible, the only way forward is to convert to an open operation. The projection of the 
cecum is marked on the abdominal wall using transillumination of the laparoscope, and 
a corresponding incision is then made.

Alternatively, in difficult circumstances it is possible to remove the port from the 
right lower quadrant and insert a finger in the opening to perform an atraumatic mobi-
lization of the cecum under laparoscopic guidance (Fig.  7.7a, b). This “fingeroscopy” 
technique allows blunt dissection of a phlegmon when it is difficult to define healthy 
bowel from necrotic tissue. It will speed the procedure and restore tactile feeling. It 
should be considered as the last step in situations where conversion seems inevitable. 
The combined use of the irrigation and suction device and the finger is particularly use-
ful to break the loculations and aspirate the pus.

The greater hazard of laparoscopic appendectomy is the possibility of residual 
intraabdominal infection leading to pelvis abscess. This is especially true in the case of 
perforated or suppurative appendicitis. Figure 7.8 depicts the maneuver for irrigation of 
the pelvis in open surgery. The problem is that some of the infected irrigation fluid is left 
behind in the pelvis, further contributing to the risk of pelvic abscess. To aspirate the cul 
de sac under direct vision, a specific maneuver is required. The patient is placed in 
Trendelenberg position and the surgeon who was looking to the right side now looks at 
the pelvis (Fig. 7.9). Using both trocars, the sigmoid colon is retracted with the left hand, 
thus exposing the cul de sac (Fig. 7.10); irrigation is performed and all the fluid is sucked 
under direct vision (Fig. 7.11). This maneuver will dramatically reduce the risk of intra 
abdominal abscess especially in the pelvis. The supra-hepatic area is also checked for the 
presence of purulent fluid that needs to be suctioned.

Gangrenous or 
Perforated 
Appendicitis
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Fig. 7.7  (a) “Fingeroscopy”: finger inserted in the trocar incision and breaking up a loculated 
abscess. (b) “Fingeroscopy”: demonstrating the combined use of the finger and the suction 
irrigation device

Abcess surrounding
appendix and adherent
to abdominal wall

a

b
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Fig. 7.8  Classic irrigation technique in open appendectomy for perforated appendicitis, pos-
sibly leaving behind some infected fluid in the pelvis, leading to pelvic abscess

Fig. 7.9  Specific technique to aspirate the pelvic cul de sac under direct vision. The monitor is 
moved to the feet, where the surgeon then looks
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Fig. 7.10  To aspirate the cul de sac under direct vision, the sigmoid colon is retracted with the 
left hand, and the irrigation device is placed in the pelvis

Fig. 7.11  Aspiration of infected fluid under direct vision
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Fig. 7.12  Laparoscopically-assisted appendectomy (useful in pediatric appendectomy)

In some cases, especially in children, where the appendix is extremely long and the work-
ing space small, the laparoscopic “assisted” technique is an easy way of performing an 
appendectomy.

The mesoappendix is first controlled with a harmonic scalpel. Next, the port is 
removed with the appendix inside. The entire appendix is exteriorized and ligated out-
side the abdomen before the cecum is pushed back inside the abdomen (Fig. 7.12).

Care is needed to avoid infecting or contaminating the abdomen. For this reason, 
maneuvers should be minimized while pulling the appendix out of the incision.

Laparoscopic 
Assisted 
Appendectomy
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Triangulation of ports and the creation of appropriate working space by tilting the 
table and using gravity for organ retraction are concepts now familiar to the reader. 
These principles govern the techniques of laparoscopic colorectal procedures.

The surgeon uses both hands with the camera positioned between them, always posi-
tioned on the opposite side of the lesion. For both left and right colectomies, the first assis-
tant stands facing the surgeon. The assistant is therefore watching the monitors in mirror 
fashion, and all his or her maneuvers are slowed down. That should be understood and 
accepted by the surgeon. The camera assistant stands on the left of the surgeon. It is neces-
sary to use the traction countertraction concept, whereby the surgeon pulls on one side and 
the assistant asserts gentle traction on the opposite side to put the tissue under tension.

The patient is placed in the supine position in such a way that the team can move around 
the patient with ease. The surgeon stands on the patient’s left, watching the monitor on 
the other side (Fig. 8.1). Five ports are inserted (Fig. 8.2).

The operation can be performed in two fashions: medial to lateral or lateral to 
medial. In the medial to lateral technique, the peritoneal adhesions of the colon to the 
abdominal wall are used as counter-traction while dissecting and dividing the ileocolic 
vessels. The patient is placed in Trendelenberg and right side up to remove the small 
bowel from pelvis and right lower quadrant. First, the terminal ileum is grasped with the 
left hand and pulled towards the anterior abdominal wall placing tension on the ileo-
colic vessels. A window is made around the vessels and they are divided with the vascular 
Endo-GIA. Then the line of Toldt is taken down using the harmonic shears.
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In the lateral to medial technique, the operation is begun by mobilizing the white 
line of Toldt and the cecum. For this, the patient is put in the Trendelenburg, right side up 
position, putting the cecum under tension and facilitating the dissection. Next follows 
mobilization of the hepatic flexure. For this, the patient is put in reverse Trendelenburg, 
right side up. Once again, this puts the appropriate tension on the hepatic flexure to assist 
the dissection.

The mesocolon should now be clearly identifiable, and if the patient is not too 
obese, it is possible to perform intra-abdominal division of the vessels with vascular 
staplers. Harmonic shears can also be used in this setting. Otherwise, if mobilization of 
the colon is sufficient, it is possible to deliver the whole right colon and the terminal 
ileum through a right upper quadrant muscle splitting incision, followed by an anasto-
mosis outside the abdomen.

If a hand assisted port is used, a midline incision is used for the hand port, which 
can be used to deliver the colon and construct the anastomosis at the end of the case.

Fig.  8.1  Patient’s setup for right assisted hemicolectomny. S  surgeon; FA first assistant; CA 
camera assistant
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The patient is positioned and the trocars are inserted (Figs. 8.3–8.5). Note that the trocar 
positions are moved down when a low anterior resection is performed.

As described previously, a medial to lateral or lateral to medial approach can be cho-
sen. In the lateral to medial approach, the first step is to mobilize the sigmoid colon by 
applying traction and counter-traction during the dissection. At this point it is important 
to identify the rectosigmoid junction and the ureters. If a ureter is not clearly visible 
because of intense inflammation, it is possible to locate it by inserting a ureteral stent or 
even an ultraviolet stent. The left colon is then fully mobilized up to the left splenic 
flexure.

One trick is to move the camera to one of the left lower ports in order to get a direct 
view of the left fascia of Toldt. This will give an excellent view of the splenic flexure. 
Again, traction on the mesocolon of the transverse colon and traction on the adhesions 
of the splenic flexure will lead to safe division of the splenic flexure. The spleen should 
not be seen and one should stay as close as possible to the colon (Fig. 8.6).

When the whole colon has been mobilized, it is possible to go down into the pelvis 
and decide on the site for the anastomosis. The mesorectum is then carefully divided. 
Metallic clips are avoided as they may interfere with proper firing of the stapler.

Fig. 8.2  Trocar positions for right assisted hemicolectomy. A umbilical scope; B surgeon’s left 
hand; C surgeon’s right hand; D, E graspers of the first assistant. S surgeon; FA first assistant; 
CA camera assistant

Left 
Hemicolectomy
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The rectosigmoid junction is freed from its fatty surrounding tissues, after which a 
60-mm stapler is introduced through the lowest trocar on the right side and fired appro-
priately. Sometimes, with a large rectum it is necessary to fire two shots to complete the 
transection. Before firing the stapler it is essential to make sure that no rectal tubes are 
in the rectum.

The fully mobilized left colon is exteriorized through a muscle splitting incision 
using one of the left lower quadrant ports or a Pfannenstiel, and the specimen is resected. 
An anvil is then placed in the proximal end after trimming the area appropriately, and a 
purse string suture applied. The anvil is reintroduced into the abdomen and the incision 
is closed. A circular stapler is then introduced into the rectum, with care being taken to 
perforate anterior to the staple line. Using a specific instrument that allows appropriate 
handling of the anvil, it is connected to the shaft of the stapler and fired (Fig. 8.7).

At its completion, the anastomosis is checked for leaks using intrarectal methylene 
blue, or by introducing air into the rectum through a rigid rectosigmoidoscope. The 
operation is completed by irrigation of the area. Drainage is not indicated. If there is a 
small leak, it can be located by using methylene blue and eliminated by inserting a stitch 
that is tied intracorporeally. As in open surgery, it is always imperative to check the 

Fig.  8.3 Position of patient for left colectomy. S surgeon; FA first assistant; CA  camera 
assistant



	 Left Hemicolectomy� 137

Fig. 8.4  Port positions for left colectomy (note that all trocars are moved down for low ante-
rior resection, as in Fig. 8.5). A surgeon’s left hand; B surgeon’s right hand, also used for the 
introduction of the stapler; C camera; D, E graspers of the assistant. S surgeon; FA first assistant; 
CA camera assistant

Fig. 8.5  Port positions for low anterior resection (Fig. 8.4). A surgeon’s left hand; B surgeon’s 
right hand, also used for the introduction of the stapler; C camera; D, E graspers of the assis-
tant. S surgeon; FA first assistant; CA camera assistant
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Fig. 8.6  Dissection of the splenic flexure of the colon. S surgeon; CA camera assistant

resected tissue doughnuts to ensure that they are complete. An incomplete doughnut 
should prompt a laparoscopic suture repair of the anastomosis. If the area of the rupture 
is not recognized, the entire anastomosis should be revised and interrupted sutures 
placed around the circumference. Should this not be possible, the procedure is converted 
to an open operation.

In the medial to lateral approach, the sigmoid colon is grasped with the left hand 
and retracted until the superior hemorrhoidal arteries are under tension. A window is 
made around the vessels, and at this point the left ureter SHOULD be visualized before 
placement of the stapler. After the vessels are transected, the rest of the procedure is per-
formed as described.

If a hand port is used, again it can be placed through a midline of a Pfannenstiel 
incision.
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Fig. 8.7  Rectal perforation anterior to the staple line in left colectomy

The above comments relating to left colectomy also apply to the Hartmann procedure, 
except that there is no anastomosis and the mobilized colon is exteriorized through one 
of the port openings. A colostomy can then be performed at the site of the trocar orifice.

This operation is not difficult, provided there are not too many adhesions. The first step 
is to take down the colostomy. The colon is trimmed outside, and the anvil of the EEA 
stapler is introduced and secured with a purse string suture. Then the colostomy site is 
used for a Hasson port, and insufflation begins. Dense adhesions can block the view, and 
must be carefully dissected; this is especially true in the midline, as the adhesions obscure 
the view for the insertion of additional ports. The port sites must therefore be suitably 
chosen to permit lysis of adhesions (Fig. 8.8). Once the rectal stump has been pierced 
with the shaft of the circular stapler, an anastomosis is performed.

One possible problem in this operation is inadvertent stapling of the bladder, espe-
cially in male patients. It is therefore essential to check the bladder and to make sure that 
it is not involved in the suture line, as this will increase the risk of creating a colovesical 
fistula. Two maneuvers reduce the risk of bladder injury. Firstly, the bladder is inflated 
with saline through a Foley catheter to visualize the limits of the bladder; secondly, a 
metallic dilator is introduced into the rectum to help identify the rectal stump.

Hartmann 
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Fig. 8.8  Removal of midline adhesions prior to reversal of Hartmnann’s procedure
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A patient presenting with small bowel obstruction in the presence of an abdominal 
scar, suggesting that an adhesive band may be present, is an ideal case for a laparoscopic 
approach.

The first step is localization of the site of the initial obstruction. This is accom-
plished by a thorough physical examination and imaging to identify the area of maximal 
bowel distention using a plain abdominal X-ray and a CT scan to find a transition point. 
The laparoscope is inserted on the side opposite to the site of maximal intestinal 
distension.

It is possible in these cases to perform an open Hasson technique and insert a blunt 
trocar providing direct viewing of the intra-abdominal contents. One can however use 
an alternative technique for inserting the first trocar. Making a small skin incision and 
opening the layers of the fascia under direct vision provides access to the abdomen. 
A purse string is placed on the fascia using 2–0 suture, and a 10-mm port together with 
a video laparoscope is inserted while the surgeon’s left hand retracts the abdomen before 
insufflation. This allows the surgeon to visualize the intra-abdominal contents prior to 
insufflation, and ensures that the port and laparoscope are properly placed in the abdo-
men. The purse string is secured and insufflation is then begun, which generally puts the 
adhesive band under tension (Fig. 9.1).

Adequate working space is of paramount importance in the laparoscopic manage-
ment of SBO. If the intra-abdominal pressure has reached a peak (15 mmHg) with the 
volume insufflated equal or less than 2 L, and provided the patient is well paralyzed, there 
is probably not enough working space due to the ileus. In this case, the operation should 
be converted to an open procedure.
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The table is then tilted in order to retract the small bowel and increase the working 
space. It is possible to position the patient in Trendelenburg or reverse Trendelenburg 
and with either side up in order to create the appropriate space.

Once pneumoperitoneum is created, any adhesive band can be directly visualized. 
Mobilization with the laparoscope itself by breaking some of the loose bands can make 
room for the insertion of the second port, which is usually the port for the surgeon’s right 
hand when the surgeon is standing opposite the area of maximum abdominal distension.

Insertion of a second port permits introduction of scissors, which is the best instru-
ment for laparoscopic enterolysis. When one is performing enterolysis, it is safer not to 
use electrocautery, and although the harmonic shear can facilitate dissection, a sharp 
dissection is the best. In the case of bowel stuck to the abdominal wall, it is possible to 
remove a piece of fascia with the small bowel (Fig. 9.2).This is certainly safer than trying 
to free the small bowel from the abdominal wall and exposing it to serosal tears or unrec-
ognized injuries. If severe, dense adhesions are encountered, it is impossible to complete 
a dissection without violating the bowel, and it is best to convert to an open procedure.

Once the first two ports are inserted, it is possible to sharply dissect the adhesive 
band from the abdominal wall. It is best to stay close to the abdominal wall and at a 
respectable distance from the intra-abdominal contents to avoid injury. It is also recom-
mended to limit the use of cautery; the harmonic shears are probably safer in this setting 
once enough working space is available.

The third and final port is inserted in a triangulated manner to the video laparo-
scope (Fig. 9.3). This is used to insert a grasper, allowing the left hand to put the adhesive 
band under tension while the right hand removes the attachment. This will allow mobi-
lization of the small bowel. Harmonic scissors can be used for this part.

Fig. 9.1  Laparoscopic enterolysis: alternative technique to the open Hasson approach, for the 
insertion of the first trocar
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Fig.  9.2  Figure depicting the use of the harmonic shears for laparoscopic enterolysis and 
“shaving” the fascia, allowing it to stay on the small bowel to avoid a serosal or unrecognized 
injury to the small bowel

Fig. 9.3  Laparoscopic enterolysis: the triangulation concept
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The best way to locate the adhesive band responsible for the obstruction is to follow 
the path of the small bowel and identify the junction between the dilated and nondilated 
portions of the bowel. This will lead immediately to the area of the stricture or obstruc-
tion. If the site of obstruction is not easily identified, locate the terminal ileum and run 
the bowel in a retrograde fashion to find the transition point. Occasionally if bowel is run 
anterograde, there is a chance that the band causing the obstruction is taken down, 
thereby decompressing the bowel without definitive localization of the band. When han-
dling the bowel, great care is taken to avoid grasping the distended and paper-thin bowel 
wall with traumatic graspers. One should use the most atraumatic grasper possible (large 
fenestrated grapser).

Once the adhesive band has been removed, the small bowel should be inspected 
carefully to assess vascularity, motility, and the state of the serosa. If there is any doubt 
about the viability of the small bowel, an open inspection is mandatory. A small incision 
can be made, or one of the port incisions can be enlarged and the small bowel is examined 
outside the abdomen. If a resection is indicated, it can be performed extracorporeally, 
after which the bowel is carefully returned to the abdomen and the small incision closed.
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The understanding and recognition of the anatomy of the preperitoneal space is 
essential to the performance of a safe and effective laparoscopic hernia repair (Fig. 10.1).
The five important landmarks are as follows:

1.	 Pubic tubercle and Cooper’s ligament.
2.	 External iliac vein.
3.	 Medial umbilical ligament and the inferior epigastric vessels as they come off the 

external iliac vessels.
4.	 Vas deferens.
5.	 Cord vessels.

Along with the iliopubic tract, these landmarks define the three spaces associated with 
groin hernias (Fig. 10.2):

1.	 Indirect inguinal hernia: lateral to the inferior epigastric vessels.
2.	 Direct inguinal hernia: medial to the inferior epigastric vessels and lateral to the 

border of the rectus abdominus muscle within the triangle of Hesselbach.
3.	 Femoral hernia: under the iliopubic tract, medial to the iliac vein, and lateral to 

Cooper’s ligament.

All three spaces should be covered by an appropriate size mesh. They are no different 
from the hernia spaces seen in the traditional open anterior approach (Fig. 10.3).

There are several dangerous areas of dissection with the laparoscopic repair. The 
“triangle of doom” is located between the vas deferens medially and the gonadal vessels 
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Fig. 10.1  Anatomy of the preperitoneal space (right side)

Fig. 10.2  Hernia spaces
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laterally. The external iliac vein and artery are found in this triangle. There is another 
dangerous space at the superior aspect of the internal ring where the genital branch of 
the genitofemoral nerve enters the spermatic cord (Fig. 10.4). It is hazardous to apply 
electrocautery in this area because of the risk of injury to the nerve. Electrocautery is 
usually applied when raising the peritoneal flap at the beginning of the transabdominal 
preperitoneal operation, and the dissection should start 1 cm above the internal ring.

There is another dangerous zone inferior to the iliopubic tract and lateral to the 
gonadal vessels, the “triangle of pain,” where one can find the genitofemoral and lateral 
femoral cutaneous nerves. Stapling in this area may injure either of these nerves. Together, 
the area between the vas deferens medially and the iliopubic tract superiorly and later-
ally constitutes “the square of doom,” where staples or electrocautery should NEVER be 
applied to avoid irreversible nerve injury (Fig. 10.5).

Fig. 10.3  Hernia spaces as seen from the anterior approach
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Fig. 10.4   Lateral nerves of the groin

Fig. 10.5   Square of doom, delineated by the vas deferens medially and the inguinal ligament 
lateral and superiorly
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Patient and Port Positioning

The patient is placed in the supine position with the legs together. The bladder is cathe-
terized to prevent any obstruction of the view and to minimize the risk of injury to the 
bladder during dissection of the preperitoneal space.
One monitor is placed at the foot of the table. Both arms are tucked to allow the surgeon 
to stand behind the shoulder opposite to the hernia, and the camera assistant to stand on 
the other side of the patient. Steep Trendelenburg is required in order to remove the 
small bowel from the pelvic area. Three ports are necessary for this operation: a 10-mm 
umbilical port for the laparoscope and two 5-mm ports which can be placed at the junc-
tion of a line between umbilicus and the anterior superior iliac spine along the lateral 
border of the rectus muscle on either side. Alternatively, the two 5-mm ports can be 
placed at midline between the umbilicus and the pubic bone (Fig. 10.6a).

A 30° laparoscope is standard. Indeed, the oblique orientation of the inguinal canal 
makes it difficult for a right-handed surgeon to visualize small indirect hernias and the 
canal itself without the 30° angle.

The most difficult hernia to operate upon is a large left indirect inguinal hernia, 
because the huge sac and the oblique angle of the canal do not allow for an easy dissec-
tion. Following induction of the pneumoperitoneum, which is maintained at 15 mmHg, 
the ports are inserted as described above. The grasping forceps and electrical scissors are 
introduced. If the trocars are inserted too low it can be very difficult to raise the flap and 
maneuver the stapler device or the fibrin glue sprayer easily. If they are too high, the 
small bowel will be in the way. Therefore, before inserting trocars, one should ensure that 
the distance is adequate by indenting the abdominal wall from the outside with a finger.

Dissection of the Preperitoneal Space

The hernia sac is reduced and the peritoneal flap is incised from lateral to medial (Fig. 10.7). 
The incision begins over the psoas muscle laterally, extends medially 1 cm above the deep 
inguinal ring to avoid the genital branch of the genital femoral nerve, and ends at the 
medial umbilical ligament. The peritoneal flap is dissected towards the iliac vessels inferi-
orly and then superiorly towards the anterior abdominal wall muscles. This peritoneal flap 
includes the hernia sac. This is the technique for direct hernias, but with very large indirect 
inguino-scrotal hernias, the distal part of the sac is divided and left within the scrotum.

The preperitoneal space is then dissected. A blunt technique with the closed scis-
sors is used to sweep tissue in each direction. This dissection of the areolar tissue can be 
performed with minimal hemostasis. Cooper’s ligament can now be visualized: it is a 
white, shiny, bony structure with small veins running on its surface. One should be very 
careful during the dissection around these veins of the corona mortis (“crown of death”), 
as bleeding from them is very hard to stop. When dissection is complete, the arch of the 
transversus abdominous muscle, the conjoint tendon, and the iliopubic tract can be seen. 
The femoral nerve is present under the iliopubic tract at the lateral aspect of the dissec-
tion running deeply but this nerve is commonly not seen. In very thin patients, the lateral 
femoral cutaneous nerve and the genital femoral nerve may also be identified.
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Fig.  10.6  Port positions for laparoscopic hernia repair. S surgeon; CA camera assistant. (a) 
Transabdominal preperitoneal hernia repair, and (b) totally extraperitoneal hernia repair. 
A umbilical telescope; B and C 5 mm trocars for the right and left hands of surgeon. CA camera 
assistant; S surgeon (right TEP depicted here)
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Fig. 10.7  Raising the peritoneal flap in the transabdominal preperitoneal approach

Dissection of the Cord Structures and the Vas Deferens

An important step is dissection of the spermatic cord and the vas deferens from the perito-
neum, using Stoppa’s parietalization technique (Figs. 10.8a, b). This will allow the spermatic 
cord and the vas to be completely free from the hernia sac and the peritoneum in order to 
lay the mesh over the hernia defect without having to cut a slit in the mesh. This dissection 
consists of separating the elements of the spermatic cord from the peritoneum and the 
peritoneal sac. It is important to continue the dissection until the peritoneum has reached 
the iliac vessels inferiorly. If this is not done, the mesh will need to be cut and a keyhole slot 
created in order to cover the hernia defects. However, on the basis of experience from the 
open preperitoneal hernia repair, this may predispose the repair to recurrence.

Placement of the Mesh and Fixation

When the hernia sac has been completely reduced and dissection of the preperitoneal space 
is completed, the mesh is introduced and fixed in place using fibrin glue (Tisseel). The mesh 
should be cut to an appropriate size; usually an 8 × 14-cm piece will suffice for one side, but 
measurements can be made using either an umbilical tape or the open jaw of the instru-
ments themselves. The corners of the mesh should be rounded to avoid any wrinkles that 
might lead to a foreign body reaction, or even recurrences as described by Stoppa.

The mesh is rolled up and loaded into the umbilical port using a grasper. Once it is 
within the peritoneal cavity, it is unrolled into place and should cover all the hernia 
spaces - the aforementioned indirect, direct, and femoral spaces (Figs. 10.9 and 10.10).

Several methods can be used to place the mesh. The mesh can be marked with a 
sterile marker at its midline, as it is sometimes difficult to orientate it inside the small 
preperitoneal space. Although some surgeons are still using tacks to fix the mesh in place, 



	 Chapter  10     Inguinal Hernia  Repair156

Fig. 10.8  Parietalization of the cord (STOPPA): (a) indirect sac before parietalization; (b) after 
parietalization
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Fig. 10.9  Mesh covering the three hernia spaces. A direct space; B indirect space; C femoral 
space

Fig. 10.10   Mesh covers medially the space between the urachus and the umbilical artery
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our technique of choice currently is to use fibrin glue (Tisseel) instead (Fig. 10.11). The 
fibrin glue is sprayed over the mesh in a thin layer, especially onto Cooper’s ligament and 
the lateral aspect of the mesh. However, if one chooses to use tacks, the mesh fixation can 
begin with stapling its middle part, “three fingers” above the superior limit of the inter-
nal ring to avoid any branches of the genitofemoral nerve (Fig. 10.12). Entrapment of this 

Fig. 10.11  Application of Fibrin glue (spray) for mesh fixation

Fig. 10.12   Fixation of the mesh: the first staple
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NeuromaInternal ring

Genital branch of
genitofemoral n.

Fig. 10.13 (a, b)  Neuroma formation around tacks

nerve can lead to severe chronic pain due to neuroma formation around the staple or 
tack (Fig. 10.13a, b). Then it is possible to staple both laterally and medially; laterally, it is 
essential to stay above the iliopubic tract, but medially staples are inserted into the rectus 
muscle and on Cooper’s ligament.

a

b
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Usually two staples are placed in Cooper’s ligament and one or two in the rectus 
muscle. Finally, one staple laterally completes fixation of the mesh above the iliopubic 
tract (Fig. 10.14). Hence, a stapler with 20 staples should be sufficient for fixation of the 
mesh and closure of the peritoneum.

Staples or tacks are used in laparoscopic hernia repair because the mesh is smaller 
than that used in open surgery (as with the giant prosthesis in the Stoppa repair), so 
there is a slight risk of movement immediately after surgery and for perhaps 5–7 days 
until the inflammatory process helps to anchor the mesh.

Closure of the Peritoneum

With the mesh now secured in place, the pressure of the pneumoperitoneum is reduced to 
9 mmHg. The peritoneal flap is replaced over the mesh and is closed with tacks. At this point, 
the tacks being used are absorbable to prevent future adhesions to the tacks. It is essential to 
cover the mesh completely with the flap to prevent exposure of the mesh to the underlying 
small bowel, thus leading to creation of adhesions and possible small bowel obstruction.

Ideally, tacking is performed in an overlap fashion (Fig. 10.15). If tacks are not avail-
able, a continuous running suture can be used to close the peritoneal flap. In order to 
avoid knot-tying, which might be tedious, a blocking Laparotie clip (Ethicon EndoSurgery, 
Cincinnati, OH) can be used to block the knot on each side (Fig. 10.16). After removal of 
the ports, the skin incisions are closed with single interrupted stitches after careful clo-
sure of the fascia in the 10 mm trocar port.

Fig. 10.14   Fixation of the mesh: showing the area in which no staples should be applied



	 Transabdominal Preperitoneal Repair (TAPP) � 161

Fig. 10.15   (a) Incorrect and (b) correct peritoneal closures

Fig. 10.16   Closure of the peritoneum using a running suture

a

b
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For a large indirect hernia, the standard transabdominal preperitoneal hernia repair is 
difficult, because the sac is usually large and firmly adherent on its superior aspect to the 
elements of the spermatic cord; a special technique is used to overcome these difficulties.

Dissection begins with gentle and atraumatic separation of the sac from the sper-
matic cord structures. This is usually carried out using scissors with sharp dissection. As 
the sac is separated, it is divided, but care should always be taken to ensure that the vas is 
not included in the sac. It is sometimes easier to identify the vas before division of the sac 
commences, but usually a gradual division of the sac will allow complete separation of 
the sac from the cord. If oozing of blood obscures the view, the operative site should be 
either irrigated and aspirated or wiped with a laparoscopic 2 × 2 inch gauze. Once the 
peritoneal sac is completely separated from the cord, the operation proceeds as usual. 
The distal part of the divided sac is left open in the inguinal canal, and the proximal part 
of the sac is ligated using an endoloop or clips.

Knowledge of the anatomy of the abdominal wall muscles, and more specifically recogni-
tion of the transition zone that occurs at the arcuate line of Douglas, is key to the success 
of the preperitoneal repair (Fig. 10.17).

The arcuate line of Douglas is a transitional line. Above the arcuate line, the rectus 
muscle has one defined anterior and posterior sheet made by aponeurotic fascia of the 
internal oblique and transversus abdominous muscle. Below the arcuate line, all fascial 
layers of the abdominal muscles lie in front of the rectus muscle, and behind the rectus 
muscle itself there is only the transversalis fascia. It is therefore essential to get below the 
arcuate line in order to start the preperitoneal dissection, which is located approximately 
midway between the umbilicus and the pubis (Fig. 10.18).

Fig. 10.17   Anatomy of the muscles of the abdominal wall
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The operation is started by making an incision in the umbilicus. Two retractors are 
used to slide the lips of the incision to the right if the hernia is located on the right side, 
or to the left if the hernia is located on that side. The anterior rectus sheath on the side of 
the hernia is then opened under direct vision, and two stay sutures of 2–0 vicryl are 
placed on each edge. The rectus muscle is then separated by two retractors introduced 
into the rectus muscle itself so that the posterior fascia can be visualized.

It is imperative at this point not to cross the posterior fascia of the rectus muscle but 
instead to head downwards towards the symphysis pubis in an oblique fashion using 
either the index finger or a small peanut with an angulation of about 30°. That will lead 
to the preperitoneal space below the arcuate line of Douglas (Fig. 10.19).

At this point, the preperitoneal space is dissected using a balloon spacer under 
direct vision with a 0° laparoscope (Fig. 10.20). While the balloon is inflated, the rectus 
muscle should be seen anterior and superior, and the preperitoneal fat and peritoneum 

Fig.  10.18  Hernia repair: A division of anterior rectus sheet; B  retraction of rectus muscle; 
C oblique dissection above posterior rectus sheet; D entry to the preperitoneal space

Fig. 10.19  Laparoscopic view of the preperitoneal space
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should be seen posterior. One should be careful to dissect in such a way that the inferior 
epigastric vessels stay with the rectus muscle, as otherwise they will be in the way of dis-
section and may need to be ligated. The balloon should stay in place for about 15 s to 
tamponade any bleeding. Next, the Hasson port is introduced with a video laparoscope, 
using the same angulation of about 30°.

Two 5-mm ports are placed at midline between the umbilicus and the symphysis 
pubis to operate on both sides (Fig. 10.6b). Care should be taken not to perforate the 
peritoneum, which will result in pneumoperitoneum and loss of space. It is obvious that 
the space created using this technique is small and the movements of the instruments are 
accordingly limited. Perforation of the peritoneum will allow CO2 to escape into the 
abdominal cavity, which will subsequently compress the space and reduce it further. If 
this occurs, the pressures in the abdomen and the preperitoneal space must be allowed 
to balance before dissection continues. This is done by opening the peritoneal defect 
widely and inserting a Veress needle into the abdomen to allow the exit of CO2. The per-
foration can be closed using an endoloop or a 5-mm clip applier.

After all ports are in place, it is imperative to proceed in the following manner: 
Cooper’s ligament is identified medially with extreme importance placed on identification 
of the fluttering of the iliac vein. These two structures are the key anatomical landmarks in 
this procedure, as they will aid in defining the inferior aspect of the dissection. All dissec-
tions occur above this level. It is possible to injure the iliac vein, and we have seen reports of 
ligation of the iliac vein, which had been mistaken for a hernia sac. Once the iliac vein is 
identified with a careful dissection, the next step is the identification of the inferior epigas-
tric vessels. This will delineate the internal ring and the triangle of Hasselbach. Following 
the internal ring medially and towards the iliac vein, one can always find the vas deferens. 
Once the vas deferens is dissected out, the cord structures are also separated from the sac 
using a soft and gentle blunt dissection. These structures are usually found behind the sac. 
The sac is then separated from the cord structures and vas deferens, and in this situation 
there are two possible scenarios. The first is a small sac that can be easily reduced. 

Fig. 10.20   Balloon dissection of the preperitoneal space
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The second is a large sac, in which case we recommend amputating the sac while paying 
attention to its contents and leaving the distal part of the sac open in the internal ring of the 
inguinal canal, and closing the proximal opening either with clips or a loop. One trick is to 
insert a small silk suture and tie a knot, thus effectively ligating the sac before amputating 
it, avoiding a loss of insufflation of the preperitoneal space and preventing pneumoperito-
neum. Once the mesh is placed, we recommend using fibrin sealant (Tisseel) to fix the mesh 
in lieu of tackers (Fig. 10.11). This is done using an aerosol spray, attached to one of the 
open trocars, so there is no excessive pressure inside the abdomen. It is not important to 
differentiate the application of Tisseel under the mesh or above the mesh, as both will 
achieve the same results. It is important to always use the most lightweight large pore mesh, 
so as to avoid or minimize the risk of contraction of the mesh through foreign body 
reaction.

The operation ends by gradually removing each port, starting laterally. A grasper is 
left to keep the mesh in place. Finally, the last port for the camera is removed.

The obvious advantage of this technique over the transabdominal approach is that 
the peritoneum does not have to be closed over the mesh. The potential complications 
that may be associated with the transabdominal approach are avoided, as the perito-
neum is not entered.
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Ventral and incisional hernias centered around the umbilicus and on or close to the 
midline are good indications for the laparoscopic approach. Lateral hernias close to bony 
structures (ribs, pubis, iliac crest) or following incisions on the flank are difficult and 
require special techniques (Fig. 11.1).

Positioning

The patient should be in the supine position on the operating room table with both arms 
tucked. This will give the surgeon and assistant/camera holder sufficient room to stand 
on the same side. If the hernia being repaired is in the lower abdomen, a Foley catheter 
should be placed to prevent bladder injury. The operating room table should be capable 
of rotating in different directions to help with exposure of the hernia and to use gravity 
to assist in manipulating the bowel away from the operative field.
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Pneumoperitoneum

Pneumoperitoneum can be achieved with either the Hasson technique or by using the 
Veress needle. This can be done in the midline if it is not close to the hernia, but if the 
hernia is in the midline, Palmers point in front of 11th rib on the left side is a safe place. 
If there are any doubts about Veress needle placement, the Hasson technique should 
be used.

Port Placement

Usually, three ports placed in a triangulated fashion suffice for a ventral hernia repair. 
The ports should be placed on the opposite side of the hernia. For example, if the hernia 
is from an open appendectomy, the ports should be placed on the left side of the patient. 
For midline hernias, the ports can be placed on either side, but it is safer to place  
them on the opposite side of a previous surgical site to decrease the risk of getting into 

Good
indications

Difficult
indications

Fig.  11.1 Indications for laparoscopic ventral hernia repair. Orange color on the middle 
indicates sites of good indication for laparoscopic ventral or incisional hernia repairs. Yellow 
color on the periphery indicates sites of less favorable indications for laparoscopic ventral and 
incisional hernia repairs
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adhesions (Fig. 11.2). For example, if a midline hernia is from an open left hemicolec-
tomy, it is better to place the ports on the right side of the abdomen. One port should be 
at least 10 mm in order to introduce the mesh into the abdominal cavity. The additional 
trocars for the introduction of the tacker are 5 mm.

Adhesiolysis

The first step is to reduce the hernia contents and free up the abdominal wall from adhe-
sions. Adhesiolysis should be done with either sharp dissection with scissors or with the 
harmonic scalpel (Fig. 11.3). Using cautery with scissors can be very dangerous, as it can 
result in an unnoticed bowel injury and should be done very carefully. After the adhesions 
are taken down, the contents of the hernia should be reduced into the abdominal cavity by 
traction from inside the abdominal cavity and with the help of the assistant from outside 
the abdominal cavity to push them into the abdomen. If the hernia sac contains only 
omentum, it can be amputated, reduced, and then removed from the abdominal cavity.

The hernia can be excised and removed. This will decrease the risk of seroma, but 
if it is very close to skin, it may result in devascularization of the skin or a puncture hole 
in the skin.

A

B

D

C S

VH CA

Fig. 11.2  Trocar placement for laparoscopic incisional hernia repair. Dotted line indicates 
incisional or ventral hernia. C camera; B left hand of surgeron; A right hand of surgeon; D 
additional 5 mm trocar for tacker. S surgeon; CA camera assistant
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Measurement of the Hernia Defect

The hernia defect can be measured from the inside or the outside of the abdomen 
(Fig. 11.4). The measurement from inside is more precise and is performed using a paper 
ruler introduced into the abdominal cavity, or using a suture stretched across the hernia 
defect with two graspers and measured outside.

A thin long spinal needle is used to measure the defect from the outside of the 
abdominal cavity. The needle is pushed through the skin to exit superiorly, inferiorly, 
and on the right and left side of the hernia, right 5 cm away from the edge of the fascial 
defect so as to mark the defect and the 5 cm overlap (Fig. 11.5). These four points are 
marked and drawn on the skin to measure the defect. It is important to remember that as 
the inside girth of abdominal cavity is shorter than the outside girth, this technique 
tends to overestimate the hernia defect size and should be considered when the transfas-
cial sutures are passed through the abdominal wall. Deflating the abdomen at this point 
decreases the difference between the inside and outside girth (larger diameter), making 
the measurement from the outside more precise.

Placement of Mesh

Bilayer mesh, with one side made of materials that do not adhere to the bowel and the 
other side made of materials that facilitate tissue ingrowth in contact with fascia and 
muscles, should always be used for ventral hernia repair. It is very important to make 
sure that the side of the mesh that touches on the bowel side stays on the correct side. 

Fig. 11.3   Adhesiolysis using the harmonic shears



	 Technique� 173

4 2 4 2

Draped abdomen

Mesh

5 cm.

6 cm.

1

3

1

3

5 cm.

6 cm.

6 cm.

Internal view

Fig.  11.4  Measurement of the hernia defect (6  cm in this example) with a 5-cm overlap. 
1, 2, 3, 4 indicate the periphery of the mesh and the site of introduction of the suture passer
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Fig. 11.5   Technique using the 20 gauge or spinal needle to mark the hernia defect and 5 cm 
overlap



	 Chapter  11     Incisional and Ventral Hernia Repair Including Component Separation174

A minimum of 3–5 cm of overlap on each edge is necessary to decrease the risk of recur-
rence. For example, if the hernia defect is 5 × 5 cm, the mesh should be between 11 × 11 
and 15 × 15 cm. The mesh is rolled and introduced through the 10 mm port. Adding a 
5-mm port on the other side of the abdomen can help with pulling the mesh inside and 
later the port can also be used to place tacks (Fig. 11.2). The following are two techniques 
that can be used to fix the mesh to the abdominal wall:

1.	 Double Crown technique: In this technique, the mesh is fixed to the abdominal wall 
with two rows of tacks. The first row is placed right at the fascial defect and the second 
row is placed at the edge of mesh approximately 6–10 mm from the edge. We now use 
the absorbable tacks that will dissolve in less than 6 months (Fig. 11.6).

2.	 Transfacial sutures: In this technique, four nonabsorbable sutures are placed at each 
corner of the mesh (Fig. 11.7). These sutures are tied twice and then cut long enough 
to be passed through the abdominal wall. The length of overlap is added to each side 
of the hernia mark on the skin and a new marking that corresponds to the mesh size 
is drawn on the skin. The exit site of these sutures is then marked on the skin. After the 
mesh is introduced into the abdominal cavity, these four sutures are passed through 
the abdominal wall. The suture passer is introduced through the abdominal wall 
through a stab wound (Fig. 11.8). The mesh should be flat, but not under too much 
tension. The transfascial sutures are then tied (Fig. 11.9). The dimple in the skin can 
be fixed easily by pulling the skin away from the abdominal wall. Tacks are then placed 
at the edge of the mesh as needed to decrease the risk of bowel herniation between the 
mesh and the abdominal wall. The addition of a 5-mm port on the opposite side, if not 
previously placed, will help in placing tacks on the side that is close to the ports.

At the end, Tisseel can be sprayed on the tacks and the edge of the mesh, which may help 
in decreasing adhesion of the bowel to the tacks; spraying Tisseel between the mesh and 
the fascia may also help reduce the risk of seroma formation (Fig. 11.10).

Fig. 11.6   “Double crown” fixation technique using absorbable tacks
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Fig. 11.7   Transfascial sutures for fixation of mesh

Fig. 11.8   Passage of the suture passer for transfascial fixation of the mesh
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Fig. 11.9   Completion of the “suture and tack” technique

Fig. 11.10   Optional application of fibrin glue on the tacks to reduce the risk of small bowel 
adhesions
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Difficult Ventral or Incisional Hernias

Incisional or ventral hernias close to bony structures (the xyphoid process, ribs, pubis, 
pelvis) or following flank incisions for nephrectomy or spine surgery are very difficult to 
fix. (Fig. 11.1).

For the hernia around the xyphoid process or the ribs, one has to take down the 
falciform ligament and place the mesh above the liver. The anchoring of the mesh should 
use tacks or intracoporeal sutures, without use of a suture passer.

For suprapubic hernias, the inferior border of the mesh should be fixed with tacks 
to the pubic bone and to Cooper’s ligament.

Finally, hernias of the flank can possibly be more challenging, as they do not pres-
ent as hernias but rather as eventrations due to muscular nerve atrophy. The author pre-
fers an open approach for larger hernias.

Pain Following Laparoscopic Ventral or Incisional Hernia Repair

The disposition of the intercostal nerves shows that some minor injury to the nerves is 
unavoidable, especially with the suture and tack repair (Fig.  11.11). The sutures will 
sometimes entrap a nerve, resulting in chronic pain. The patient should be forewarned 
about the occurrence of postoperative pain during the preoperative clinic visit. Local 
injections are used, and sometimes removal of the responsible suture with the inherent 
neuroma is the last resort.

Rectus abdominis

External oblique

Internal oblique

Transverse
abdominis

Fig. 11.11   Disposition of the intercostal nerves as they innervate the muscles of the abdomi-
nal wall; this may explain postsurgical chronic pain issues
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The goal is to divide laparoscopically the fascia of the external oblique laterally to the 
rectus sheath. This will separate the components of the large muscles of the abdomen 
and reduce the size of the midline defect and consequently, the size of the mesh to be 
used. It will also reduce the tension on the closure of the defect.

Three trocars are placed, one 10 mm under the costal margin, another 10 mm in the 
flank, and a final 5 mm trocar in the right lower quadrant (Fig. 11.12). The Hasson tech-
nique is used for the right upper quadrant port (A); the aponeurosis of the external oblique 
is identified and opened, and a balloon dissector is inflated beneath the external oblique 
and above the internal oblique to create a working space(Fig. 11.13). A 10-mm trocar (B) in 
the flank is inserted into the space to allow for an electrical scissor to divide the fascia of 
the external oblique laparoscopically, just lateral to the rectus sheath going downwards 
towards the right lower quadrant (Fig. 11.14). In order to divide the upper part of the exter-
nal oblique fascia, a 5-mm trocar is inserted (C). The camera is moved from the right upper 
quadrant trocar to the middle 10 mm trocar, and a scissor is introduced into the 5 mm 
trocar to complete the division. The same maneuver is performed on the opposite side.

After the component separation is finished, it is possible to perform an incisional 
hernia repair using a smaller mesh, as the component separation allows the edges of the 
fascial defect to be brought closer together; alternatively, a full laparoscopic incisional 
hernia repair with a sublay mesh can be performed.

The main advantage of the laparoscopic component separation technique is to 
avoid the risk of devascularizing the skin, which can occur with the open method.

Fig. 11.12   Trocar placement for laparoscopic component separation. A initial introduction 
site for the balloon dissector, and the Hasson trocar for the camera; B trocar port for the electri-
cal scissors; C additional 5 mm port for the scissor to finish up the division of the cephalad 
portion of the external oblique fascia

Laparoscopic 
Component 
Separation



	 Laparoscopic Component Separation� 179

Fig. 11.13   Introduction of the balloon dissection in the space beneath the fascia of the exter-
nal oblique and above the internal oblique

External oblique
fascia divided

Internal oblique

Transverse
abdominis

nal ob

Transve
bdomi

Inter

T
a

I

Fig. 11.14   Division of the external oblique fascia with electrical scissors, until the subcuta
neous fat is visible. This will achieve a separation of the components and a subsequent release 
of the tension on the closure of the defect
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Preoperative Requirements and Workup

Laparoscopic splenectomy is a difficult procedure that should only be performed by an 
experienced laparoscopic surgeon or under the direct supervision of such a surgeon. As 
always, the entire team should be adequately prepared.

The surgeon should check the instrument set personally to ensure that everything 
is available, specifically clip appliers, atraumatic graspers, liver fan retractors, and an 
irrigation suction machine with the capacity for hydrodissection. An open tray with a 
number 10 or 20 blade should be immediately available in case there is a need for conver-
sion. Harmonic shears (Ethicon Endosurgery Inc.) are especially useful because they can 
reduce the number of clips used during division of the short gastric vessels, and can also 
function as a grasper.

It is essential that patients presenting with idiopathic thrombocytopenic purpura 
(ITP) are worked up appropriately by the referring hematologists. The anesthesiologist 
must make sure that there is a suitable blood and platelet supply in the operating room prior 
to the start of the procedure. An orogastric tube is placed to decompress the stomach.

The patient should be vaccinated against pneumococcus, H. influenza and mennin-
gococcus (triple vaccine) at least 2 weeks prior to surgery.

Splenectomy 
(Total and Partial) and 
Splenopancreatectomy

12

Classic 
Laparoscopic 
Splenectomy
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Patient Positioning

Proper patient positioning is a critical step. The patient is safely secured on a bean-bag 
with the left side up at a 60° angle in reverse Trendelenberg and the left arm positioned 
as for a left lateral thoracotomy (Fig. 12.1). This allows gravity to retract the abdominal 
organs and maximize the working space. This is the “hanging spleen” technique described 
by Delaitre and Gagner. The surgeon stands on the patient’s right side facing the left 
monitor, with the camera assistant on the same side sitting on a stool to his left to avoid 
a conflict with the elbows of the surgeon. The first assistant is on the opposite side, but 
the three members of the team all look at the left monitor to avoid mirror imaging and 
discoordination of the critical first assistant (Fig. 12.2).

When the trocars are inserted, the patient is positioned in reverse Trendelenburg. 
Combined with a 60° tilt, this position has two important effects. First, gravity pulls the 
stomach and small bowel in a rostral direction out of the operative field. Second, the spleen 
is kept hanging from the diaphragm by its phrenic attachments, thus placing the gastro-
splenic vessels under tension, simplifying dissection and division of the vessels later in 
the operation (Fig. 12.3). In the anterior approach, the hilar vessels are controlled first, 
and the phrenic attachments are divided at the end of the operation. In contrast, with a 
posterior approach, the lateral attachments are divided first, the spleen is mobilized later-
ally and the hilar vessels are controlled later, as done in open surgery (Fig. 12.4).

Fig. 12.1   The patient’s position for laparoscopic splenectomy



	 Classic Laparoscopic Splenectomy� 183

Fig. 12.2   Operating room set up for laparoscopic splenectomy. S surgeon; FA first assistant; 
CA camera assistant sitting on a chair
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Fig. 12.3  Effects of reverse Trendelenburg and 60° elevation: (a)  splenic pedicle put under 
tension; (b) stomach falls down; (c) splenic flexure put under strain

a

b

c
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Fig.  12.4  (a) Open splenectomy, and (b)  laparoscopy (The “hanging spleen” technique). 
Numbers depict stages of the operation

a

b



	 Chapter  12     Splenectomy (Total and Partial) and Splenopancreatectomy186

Port Placement

Four to five 12 mm ports are needed for this operation (Fig. 12.5). Following insufflation 
using a Veress needle, the first trocar is inserted in the left upper quadrant approximately 
five finger- breadths below the costal margin, moving the camera closer to the spleen. This 
will permit full exploration of the abdominal cavity to check for the presence of accessory 
spleens and other intra-abdominal lesions that might require laparoscopic management.

One port is inserted on each side of the umbilical port in a triangulated manner, for 
the right and left hands of the surgeon. Another trocar is inserted laterally under the left 
costal margin for the first assistant. An optional subxiphoid trocar can be inserted for an 
irrigation/suction device or for a fan retractor used by the camera assistant if needed.

Fig. 12.5   Port positions for laparoscopic splenectomy: A umbilical telescope; B surgeon’s left 
hand; C surgeon’s right hand; D subxiphoid port for irrigation/suction or an assistant’s grasper; 
E first assistant’s grasper
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Surgical Anatomy

Vascularization of the spleen may be of the distributed type (Fig.  12.6a) or the non-
branching variant (Fig.  12.6b). Knowledge of the patient’s vascular anatomy will help 
decide on the most appropriate dissection technique. The terminal branches of the 
splenic artery are depicted in Fig. 12.7. Knowledge of the anatomy of the spleen is critical, 
and two special features are of interest. First, as a rule, notched spleens and those with 
prominences have more entering arteries than those with smooth borders (usually dis-
tributed type). Second, the tail of the pancreas lies close to the hilum of the spleen and is 
in direct contact with the spleen in about 30% of cases, and within 1 cm of the spleen in 
40%. Caution is therefore recommended before firing a linear cutter across the hilar 
vessels.

Fig. 12.6   Vascularization of the spleen: (a) distributed type with multiple splenic notches, and 
(b) magistral type with few splenic notches

a

b
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Surgical Principles

 Anterior Approach. The procedure follows these key steps:

�� Division of the short gastric vessels and opening the lesser sac (Fig. 12.8).
�� Exposure of the tail of the pancreas.
�� Division of the splenocolic ligament.
�� Lateral and superior retraction of the inferior pole of the spleen and division of the 

inferior pole vessels.
�� Division of the hilar vessels.
�� Division of the phrenic attachments.
�� Extraction of the spleen in a bag.

 Technique

Division of the Short Gastric Vessels and Exposure of the Tail of the Pancreas

The first step is division of the short gastric vessels and entry into the lesser sac along the 
greater curvature of the stomach. This proceeds as for a Nissen fundoplication with the 
exception that the dissection is carried out much closer to the spleen than to the stomach 
(Chap. 5). The first assistant gently grasps the fatty tissue surrounding the short gastric 
vessels and retracts it superiorly, while the surgeon gently retracts the stomach to the 
right. This will expose the short gastric vessels, which are subsequently controlled with 
the harmonic shears. Clips can be added for larger vessels if needed. The division is then 
continued superiorly and then inferiorly until the tail of the pancreas is completely 
exposed (Fig. 12.9).

Fig. 12.7   Terminal branches of the splenic artery
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Fig. 12.8  Access to the hilar vessels through the lesser sac. Figure depicts ligaments of the 
posterior mesogastrum

Fig. 12.9  Division of short gastric vessels: (a) exposure of short gastric vessels; (b) dissection 
with scissors; (c) clips;  (d) harmonic shears

a

b

c

d
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Exposure of the Inferior Pole of the Spleen and Division of the Inferior Pole Vessels

The next step is exposure of the inferior pole of the spleen (Fig. 12.10). The first assistant 
retracts the spleen superiorly and laterally with a closed Babcock clamp to expose the 
splenic flexure of the colon. The surgeon’s left hand retracts the transverse colon inferi-
orly, exposing the splenocolic ligament. The ligament is divided using the harmonic 
shears to allow safe dissection of the inferior pole of the spleen. Once the splenocolic 
ligament has been divided, lateral and superior retraction will expose the inferior pole 
vessels that branch from the main splenic vessels. The inferior pole vessels are divided at 
this point, permitting full mobilization of the inferior pole of the spleen. These vessels 
are usually large in size and should be clipped or divided using an endo-GIA with a white 
load. We do not recommend the use of the harmonic shears on these vessels, as it will not 
achieve efficient hemostasis. Uncontrollable bleeding from these vessels can result in an 
early conversion to open surgery.

Division of the Hilar Vessels and Phrenic Attachments

In order to expose the hilar vessels, opposing retraction by the first assistant and the 
surgeon is required. The first assistant retracts the mobilized inferior pole of the spleen 
superiorly and laterally. The surgeon gently pushes the exposed tail of the pancreas 
down, creating access to the hilum and the main splenic vessels (Fig. 12.11). Division of 
the hilar artery and vein is a critical step that should be performed meticulously and 
carefully to avoid any bleeding. Use of a blunt right-angled dissector is safe.

The surgeon has two choices for ligation of the splenic vessels at the hilum of the 
spleen: transection of the vessels with one firing of a 30-mm Endolinear cutter using 
vascular staples (Fig. 12.12a), or a more formal division of the artery and vein separately 
between clips (Fig.  12.12b). Using a combination of clips and staplers should also be 
done very cautiously, as clips can result in misfiring of the stapler and subsequent bleed-
ing from a partially divided vessel.

Finally, the attachments of the spleen to the diaphragm are divided, allowing full 
mobilization of the spleen.

Extraction of the Spleen in a Bag

The next step is introduction of the retrieval bag. A good trick is to push the bag to the 
diaphragm with the opening of the bag facing the surgeon. This will allow introduction 
of the spleen into the bag using a “surfing” technique. The spleen is grabbed by its attach-
ments and rolled onto its back, using hilar and fatty attachments as a handle. Thus, the 
spleen is shoved in a gentle sliding motion into the bag (Fig. 12.13).

The bag is closed and the umbilical port removed. The fascia of the umbilical port 
can be slightly enlarged to allow extraction of the bag. The introduction of two fingers 
(or a Kelly clamp) to squeeze the spleen between the fingers and the anterior abdominal 
wall will enable morcellation of the spleen and extraction of both the bag and the splenic 
fragments. One should be careful not to drop any fragments in the abdomen, which can 
lead to splenosis and recurrent disease.
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Fig. 12.10   Division of the splenocolic ligament, and division of the inferior polar vessels

Fig. 12.11   Exposure of the hilar vessels
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Fig. 12.13   Placement of the spleen into a retrieval bag

Fig. 12.12   (b) Division of the splenic vessels: (a) firing of the cutter and simultaneous control 
of both vessels; or (b) separate control of the artery and vein using large clips

a b
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Final Steps of the Procedure

The ports are replaced. The area of the spleen is carefully checked for hemostasis.  
A drain is very rarely needed. This depends on the surgeon’s experience and in particular 
on the degree of trauma to the tail of the pancreas during the dissection. If a drain is 
used, it should be taken out through a separate incision to avoid herniation of the small 
bowel while removing the drain through a large port site.

 Posterior Approach. Laparoscopic splenectomy can also be performed via a posterior 
approach. The benefit of this approach is improved exposure of the hilar vessels compared 
to the anterior approach; however, in the anterior approach, the hilar vessels are controlled 
earlier in the procedure, which reduces the risk of uncontrollable bleeding later in the 
procedure.

The procedure follows these key steps:

�� Division of the splenocolic ligament.
�� Division of the inferior pole vessels.
�� Division of the phrenic attachments.
�� Exposure and division of the hilar vessels.
�� Division of the short gastric vessels.
�� Extraction of the spleen in a bag.

The surgeon begins the procedure by taking down the inferior pole vessels, as described for 
the anterior approach. After division of these vessels, the spleen is gently retracted medially 
and the splenophrenic ligament is divided using the harmonic shears (Fig. 12.14). This dis-
section continues superiorly until the short gastric vessels are encountered. Careful dissec-
tion of the splenorenal ligament is done at this point, with extreme attention given to avoid 
injury to the left adrenal gland. Next, the short gastric vessels are divided using the har-
monic shears and clips as needed. The hilar vessels will now be in view, and can be dis-
sected with a right angle dissector before being divided separately or together with a 
vascular endo cutter (Fig. 12.15). Next, the short gastric vessels are divided using the har-
monic shears. The rest of the operation is performed as described in anterior approach.

 Post Operative Course. The postoperative course following laparoscopic splenectomy 
is straightforward. Amylase and lipase levels should be checked on the first postoperative 
day to ensure there has been no pancreatic injury during the operation. A clear liquid 
diet is initiated if the levels are normal, and the patient can be discharged home once the 
diet has been tolerated.

 Management of Complications. Bleeding constitutes a major problem. Two etiologies 
are possible:

�� Bleeding from an unnamed vessel, such as a short gastric vessel or a branch of the 
inferior or superior pole vessels.

�� Bleeding from a major vessel such as the splenic artery or vein.
�� Bleeding from a splenic injury.
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Fig. 12.15   Posterior approach; division of the pedicle with a stapler using the white vascular 
load

Spleen

Splenophrenic
attachments
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Fig. 12.14   Posterior approach for laparoscopic splenectomy; initial division of the spleno-
phrenic ligament
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Control of an Unnamed Vessel

Control of an unnamed vessel should always be attempted and is usually successful. The 
first step is to pull back on the scope to protect the lens from blood. The vessel is then 
clamped using an atraumatic grasper. The grasper should be long and flat without teeth. 
Irrigation and aspiration of the surgical site should follow to evaluate the rate of bleed-
ing. If the bleeding has been controlled, clips are placed appropriately. Sometimes, elec-
trocautery will control the situation and allow safe placement of the clips. Compression 
using a laparoscopic 2 × 2 cm gauze can control the bleeding, allowing the operative site 
to be cleaned in preparation for hemostasis.

Control of a Major Vessel 

The situation is different when a major vessel is injured. Examples are the splenic vein or 
artery, or the direct terminal branches of the main trunk. Flow is usually very high in 
these vessels, and blood reaching the left upper quadrant of the abdomen will obscure 
the view. In these circumstances, one can try to control the bleeding using the steps 
described previously, using a larger atraumatic instrument such as a bowel clamp to 
grasp the whole hilum. If this is not successful, it is usually wise to convert the patient 
rapidly through an open left subcostal incision.

Splenic Injury 

Another possibility is an injury to the spleen itself during the dissection. A forceful 
retraction, for example, can tear the capsule. Although resultant bleeding may obscure 
the dissection, simple compression with a 2 × 2-cm surgical gauze together with 
appropriate electrocautery should control bleeding. If a combination of bleeding from 
the spleen and a minor vessel occurs, it is not possible to control both at the same time. 
It is recommended to either grab the bleeding vessel with a grasper while cauterizing the 
capsule, or control the capsular bleeding with a 2 × 2 gauze and compression while the 
bleeding vessel is clipped.

Maneuver of Last Resort During Bleeding of the Hilar Vessels 

In the event of a splenic injury in traditional open surgery, the surgeon rapidly mobilizes 
the splenic attachments after inserting a large piece of gauze to compress the hilum. The 
surgeon’s left hand retracts the splenic handle and the right hand clamps the vessels “en 
bloc” using large and long Kelly clamps. The same maneuvers can be realized laparo-
scopically if the surgeon and assistant have very good laparoscopic skills.

The hilum is compressed using a large 4 × 4 gauze and the bleeding controlled. As 
the short gastric vessels and the inferior attachments are already divided, the surgeon 
should promptly divide the phrenic attachments to mobilize the spleen. Once the spleen 
is mobilized, the assistant can retract the whole spleen superiorly with an open fan 
retractor, and the surgeon fires one or two shots of a linear cutter with vascular staples. 
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Fig.  12.16  Maneuver in the event of massive bleeding: Exposure of the hilum using a fan 
retractor with traction on the spleen to expose the spleno-pancreatic groove and the intro-
duction of a stapler

This should be done quickly and staying as close as possible to the spleen to avoid pan-
creatic injury (Fig. 12.16).

If this maneuver is not successful, conversion to an open procedure should be 
initiated.

It is also possible to perform a partial laparoscopic splenectomy. In order to accomplish 
this, it is important to identify the inferior pole vessels, or any vessel per se, that is sup-
plying the territory that has to be removed. Once the vessel is isolated using a right angle 
dissector, clips are placed and the vessel is divided, immediately producing a zone of 
ischemia in the spleen (Fig. 12.17). Once this has been achieved, harmonic shears are 
used to perform a partial splenectomy. Our preference is to use harmonic shears as they 
allow permanent hemostasis. It is important to leave 2 or 3 mm of zonal ischemia tissue 
on the remaining healthy spleen, and divide the spleen in the ischemic territory to avoid 
massive bleeding (Fig. 12.18). Once the partial splenectomy is performed, fibrin sealant 
is sprayed on the remaining tissue to further enhance homeostasis. The specimen will be 
removed as described previously.

Partial 
Splenectomy
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Fig.  12.17   Partial splenectomy. Ligation of the inferior polar vessels in this example that 
delineates a segmental zone of ischemia

Fig.  12.18   Partial splenectomy. Division of the splenic parenchyma using the harmonic 
shears, just beneath the line of ischemic demarcation
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Fig. 12.19   Hand assisted laparoscopic surgery (HALS) for splenomegaly. The nondominant 
hand of the surgeon is introduced here

In the case of splenomegaly, as defined by a spleen over 20 cm in size, it is possible to use 
a hand-assisted technique (HALS). An incision is made for the nondominant hand the 
same size as the surgeon’s glove size (7.5 → 7.5  cm, 8 → 8  cm, etc.), and a gelport is 
inserted to allow comfortable manipulation of the spleen (Fig. 12.19). It is important to 
place this incision rather away from the camera on the right side of the patient to avoid 
interaction between the hand and the scope. The procedure is then performed as 
described above.

Hand Assisted 
Laparoscopic 
Splenectomy 

(HALS)
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This procedure is illustrated in Fig. 12.20. The first step of the splenectomy is the mobili-
zation of the inferior aspect of the spleen, dividing the phrenic attachments of the colon. 
The next step is the mobilization of the phrenic attachment of the spleen. The superior 
aspect of the spleen is then separated from the diaphragm. Once this is done, the short 
gastric vessels are taken down, exposing the pale tissue of the pancreatic tail. Alternatively, 
this mobilization of the spleen can be performed after the control of the splenic vessels 
and the division of the pancreatic tail. This has the advantage of keeping the spleen hang-
ing on the diaphragm.

Fig.  12.20  Distal splenopancreatectomy steps: 1 mobilization of the inferior splenic pole; 
2 division of the splenohepatic ligament; 3 mobilization of the superior pole of the spleen; 
4 control of the splenic vessels at the superior aspect of the pancreatic tail; 5 division of the 
pancreatic tail. Alternatively, 1, 2, 3 can be performed after 4 and 5

Distal 
Splenopan­
createctomy



	 Chapter  12     Splenectomy (Total and Partial) and Splenopancreatectomy200

Fig. 12.21  Stapling of the pancreatic tail using a stapler with a blue cartridge and reinforce-
ment with Seamguard

Slowly and carefully, the splenic artery and vein are identified. Sometimes it is pos-
sible to dissect both en bloc, but in most cases the splenic artery and the splenic vein are 
divided separately. Using the right angle dissector, the vessels are identified, dissected 
out, and divided using clips; it is indeed safer to place large clips than use a vascular lin-
ear stapler. The pancreatectomy is then completed using one firing of the linear cutter, 45 
blue with seamguard (WL Gore Flagstaf, AZ) (Fig. 12.21). Hemeostasis is rechecked and 
any bleeding site is sutured to minimize the risk of pancreatic leak. The specimen is 
placed in a bag and removed.
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Laparoscopic adrenalectomy, whether performed via the transabdominal approach 
or the totally retroperitoneal technique, has two main principles:

�� Extracapsular dissection of the gland to avoid rupture of the adrenal and seeding of 
tumor cells in the retroperitoneum.

�� A meticulous dissection technique to achieve perfect hemostasis, with particular 
attention to ligation of the adrenal vein.

The patient is lifted on a bean-bag with safe padding to avoid compression injury. The 
patient is placed in full right lateral decubitus for a left adrenalectomy (Fig. 13.1) and 60° 
right side up for a right adrenalectomy (Fig. 13.2). The operating table is flexed as much 
as possible to increase the distance between the costal margin and the iliac crest. The 
patient who is undergoing a left adrenalectomy with a prominent iliac crest may also be 
positioned at 60°, left side up so that the iliac crest does not obstruct movement of the 
camera and instruments. The operating table must be capable of manipulation in all 
directions, especially reverse Trendelenburg.

The operation begins with insertion of a Veress needle into the abdominal cavity 
through the umbilicus, and after a confirmatory test, the pressure is regulated at 
15 mmHg. A 30° laparoscope is inserted to explore the abdomen and check for adhesions 
that would necessitate an enterolysis.

Principles

Adrenalectomy 13

Left 
Adrenalectomy
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Fig.  13.1 Port positions for left adrenalectomy: A 30-degree scope; B surgeon’s left hand; 
C surgeon’s right hand; D grasper of first assistant; E irrigation or fan retractor. S surgeon; FA 
first assistant; CA camera assistant

B
A

C
D

Fig. 13.2  Port placement for right adrenalectomy. A camera; B right hand of surgeon; C left 
hand of surgeon; d grasper for assistant
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To begin, four trocars are inserted in a triangulated fashion (Fig. 13.1). The first is a port 
for the camera in front of the 11th rib, the second is placed at the midclavicular line for 
the surgeon’s left hand, the third is positioned at the anterior axillary line for the sur-
geon’s right hand, and the fourth port is located at the posterior axillary line. Occasionally, 
a fifth subxiphoid trocar may be required for suctioning or retraction of the spleen.

The left adrenalectomy can be compared to opening a book, where the left adrenal 
gland is located on the spine of the book, and the spleen and left kidney are the covers of 
the book. The analogy is to open the book and access its spine (by incising the splenic 
attachments and allowing the spleen to drop medially) (Fig. 13.3). The splenic flexure of 
the colon is mobilized by incising its lateral peritoneal attachments from the inferior part 
of the spleen using a harmonic scalpel. The splenophrenic ligament is then divided 1 cm 
lateral to the spleen by a very gentle medial retraction of the spleen, followed by generous 
division of the splenophrenic ligament (Fig. 13.4). This is the key to laparoscopic left adre-
nalectomy, as it allows the spleen to fall medially and exposes the left kidney. Placing the 
patient in steep reverse Trendelenburg improves the exposure by causing inferior dis-
placement of the intestine and any fluid that accumulated during the operation.

Dissection then proceeds superiorly between the spleen and the kidney towards the 
diaphragm until the fundus of stomach is visualized, at which point the adrenal gland 
should come into view between the spleen and the left kidney (Fig. 13.3). The adrenal gland 
itself is distinguishable from surrounding retroperitoneal fat by its golden color and gran-
ular texture on the cortical surface, in contrast to the brown smooth surface of the kidney.

The superior pole of the adrenal gland is mobilized first (Fig.  13.5). The medial 
aspect of the gland where most of the adrenal blood supply enters is then mobilized. 
Mobilization of the adrenal gland and control of its blood supply are accomplished using 

Fig. 13.3   Left adrenal gland located on the spine of the book
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a harmonic scalpel. Clips are placed for larger arterial branches as needed. Special atten-
tion is warranted to avoid entering the adrenal parenchyma, which will result in bleeding 
and possible seeding of tumor cells. Parenchymal bleeding can be controlled using the 
spatula connected to electocautery.

A second atraumatic grasper should be used to manipulate the adrenal gland. 
Gently, traction is provided by either depressing the kidney or by retracting the adrenal 
itself, taking care not to disrupt the capsule of the gland. The laparoscope and all other 
dissecting instruments should be moved as necessary between the ports to maximize 
visualization and provide ideal angles for efficient dissection.

As the dissection progresses inferiorly, the central adrenal vein will come into view 
(Fig. 13.5). The left adrenal vein is several centimeters long, and after exiting the gland 
anteriorly, it courses obliquely to empty into the left renal vein. The inferior phrenic vein 
usually joins the left adrenal vein within 15 mm of its entry into the renal vein. Surgical 
control of the left adrenal vein is the most important and delicate part of the procedure; its 
course differs from the right adrenal vein, which is shorter (5–10 mm long) and exits the 
gland medially to enter the posterior medial aspect of the inferior vena cava (Fig. 13.6). 
Sometimes, a second adrenal vein is seen on the right entering either the IVC or a hepatic 
vein. The adrenal vein is then double-clipped and divided, and the lateral aspect of the vein 

Fig. 13.4   Dissection route for left adrenalectomy: 1 division of splenocolic ligament; 2 divi-
sion of splenophrenic ligament
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1

2

Fig. 13.5   Dissection of the superior aspect of the left adrenal gland 1 and mobilization of the 
gland itself. Control of the left adrenal vein performed next 2

Fig. 13.6   Surgical anatomy of the adrenal glands: 1 right adrenal vein branching off the IVC; 
2 left adrenal vein branching off the left renal vein
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can now be mobilized. Next, the inferior aspect of the gland is mobilized from the superior 
pole of the kidney, and the gland is placed in a special retrieval bag. The retroperitoneal 
operative bed is finally irrigated and inspected for bleeding using a 2 × 2 gauze. Tisseel can 
be sprayed to improve hemostasis. The spleen is replaced into its original location. Trocar 
sites should be closed if dilatation of a port site was necessary to remove the specimen.

The procedure is similar to that of left adrenalectomy except that modification is required 
to take into account the anatomic differences. This operation is more difficult due to the 
position of the right adrenal gland behind the liver, the proximity of the inferior vena 
cava, and the anatomy of the adrenal vein. Manipulation of the adrenal vein is especially 
hazardous on the right side, where laceration of the vein can lead to tearing of the infe-
rior vena cava and potentially catastrophic hemorrhage.

Following insufflation of the abdomen, the camera port is placed above the umbili-
cus and to the right approximately 10 cm below the costal margin. The best view is when 

Fig.  13.7   Dissection route for right adrenalectomy: (a) division of adhesions between the 
hepatic flexture of the colon and the liver; (b) division of right triangular ligament of the liver

Right 
Adrenalectomy
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the gallbladder is in the upper right side of the screen, the duodenum in the lower right, 
the liver superiorly and the kidney on the left. Two additional trocars are placed in a 
triangulated fashion on each side of the camera close to the costal margin. The forth 
trocar is placed right under the costal margin for retraction of the liver, and another 
trocar can be placed in left flank for assistance (Fig. 13.2).

For right laparoscopic adrenalectomy, the right triangular ligament of the liver is 
the key to safe dissection, and must be incised generously to allow retraction of the right 
lobe of the liver with a fan retractor (Fig. 13.7). The continuous superior retraction of the 
liver is very important for exposure of the right adrenal gland. The right triangular liga-
ment is carefully divided using the harmonic scalpel. This dissection continues superi-
orly until the anterior surface of the right adrenal is visualized. One should be careful 
with the small hepatic veins that enter the vena cava at this point. The hepatic flexure of 
the colon is mobilized and the colon can be pushed down to allow entry into the retro-
peritoneal space if additional exposure is needed. The duodenum is mobilized to expose 
the inferior vena cava as necessary. This is done using a small 2 × 2 cm gauze and careful 
blunt dissection. A peanut dissector is also useful here.

The superior and medial poles of the adrenal gland are mobilized first (Fig. 13.8). 
As the dissection proceeds along the lateral aspect of the IVC, the right adrenal vein is 

Rt. Adrenal

IVC

Kidney

Fig. 13.8   Mobilization of the superior and medial paracaval aspect of the right adrenal gland
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encountered as it enters the posterior medial aspect of IVC. At all times, care should be 
taken not to cauterize the adrenal vein; instead, the vein is dissected using right-angled 
dissectors (Fig. 13.9). In contrast to the left side, on the right side the adrenal vein is short 
and exits the gland medially to enter the posterior medial aspect of the inferior vena cava 
(Fig. 13.6). Occasionally, a second adrenal vein is seen on the right, entering either the 
inferior vena cava or a hepatic vein. The complex anatomy of this area is the biggest haz-
ard of this operation, and confusion here may result in massive hemorrhage.

Fig. 13.9   Exposure of the right middle adrenal vein using a right angle dissector

Fig. 13.10   Control of the right middle adrenal vein between three large clips
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The adrenal vein is controlled and divided between large clips (Fig. 13.10). An intra-
corporeal tie can be placed carefully if clips are not satisfactory.

When the adrenal vein has been divided, the adrenal gland is freed of its remaining 
attachments inferiorly and posteriorly, from the medial to its most lateral aspect 
(Fig. 13.11), and the operation is completed as described for left adrenalectomy. Tisseel 
spray can be used for better hemostasis of exposed retroperitoneum.

Potential hazards include injury to the IVC or a clip falling off the adrenal vein 
stump. An atraumatic flat clamp can be used to control the bleeding, and larger vascular 
clamps designed for laparoscopic vascular surgery may be used if available. Otherwise, 
swift conversion to open surgery and hemostasis is required.

Fig. 13.11   After ligation of the adrenal vein, mobilization of the gland from the medial to the 
lateral aspect
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It is critical to differentiate patients based on shape in addition to BMI, and we have 
found that body habitus is more predictive of operative difficulty than BMI. For example, 
male diabetic patients with an apple shape are much more difficult operative cases than 
female patients with a high BMI but a pear shape body habitus. In this regard, we have 
identified a special trocar placement technique that takes this concept into consider-
ation. The distance between the xyphoid process and the umbilicus before insufflation of 
the abdomen is called the XU distance. If the XU distance is less than 25 cm, it is possible 
to perform the operation with one regular set of trocars as depicted in Fig. 14.1. If the 
distance is greater than 25 cm, we recommend using the advanced trocar placement. This 
technique uses two sets of trocars, with the first set of triangulated trocars focused on the 
creation of jejunojejunostomy, and the second set placed cephalad to the first to perform 
the gastric part of the operation, as depicted in Fig. 14.2.

Another indicator of difficulty is a tense abdomen on physical examination. These 
patients need to lose 5% of their weight preoperatively to decrease the amount of intra-
abdominal fat. There are four areas affected by weight loss: the omentum, the falciform 
ligament, the perigastric fat and last and most importantly, the liver. A fatty liver in a 
patient who has not lost weight will cover the stomach and make it very difficult to access 
the angle of His and staple the stomach safely (Fig. 14.3).

In some patients, there is a fold of skin right at the level of the umbilicus. Above this 
fold, there is often a protuberant and very thick abdominal wall. One should avoid plac-
ing trocars on or inferior to this fold, as it makes the operation more difficult. Instead, it 
is recommended to place the trocars above the fold.

Laparoscopic 
Roux-en-Y 
Gastric Bypass

Bariatric  
Surgery 14
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Fig. 14.1   Basic trocar placement for Roux-en-Y gastric bypass. C camera; B left hand of sur-
geon; E right hand of surgeon; D trocar for assistant; A liver retractor. S surgeon; CA camera 
assistant; FA first assistant
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Fig. 14.2   Advanced trocar placement for Roux-en-Y gastric bypass. B, C, D moved to B2, C2, 
D2 (B and B2, left hand of surgeon; C and C2, camera port; D and D2, right hand of surgeon)
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Patient Positioning

The patient is placed in the supine position with both arms out. Care must be taken not to 
extend the arms excessively to prevent brachial plexus injury. The beds should be special-
ized for bariatric patients with a footboard to avoid sliding during the procedure, espe-
cially in steep reverse Trendelenberg. Padding is very important secondary to the increased 
weight of the patient on pressure points. A Foley catheter is placed and an orogastric tube 
is inserted by the anesthesiologist, which will be removed prior to stapling the stomach.

Technique

The surgeon stands on the right of the patient, the camera assistant stands behind him, 
and the first assistant is on the opposite (left) side of the patient. The first step is 

Fig. 14.3   Effect of preoperative weight loss on the fatty liver. A = before preoperative weight 
loss, the liver is swollen. B = after significant preoperative weight loss, the fatty liver “shrinks”
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insufflation of the abdomen. We believe that the easiest technique is the use of the Veress 
needle. This has been done safely in our experience of more than 1,000 cases. An optiv-
iew trocar is then inserted slightly above the umbilicus. Once the optiview trocar is in 
place, the right and left hand of the surgeon’s ports are placed in a double triangulated 
fashion, as described in Chap. 1. The next trocar placed is used for retraction of the trans-
verse colon. This same trocar will be used by the right hand of the surgeon during the 
gastric part of the operation. In case of difficulties, two 5-mm trocars are inserted for the 
assistant on the left side.

The next step is division of the greater omentum, which is performed using the 
harmonic shears. This reduces the distance the alimentary loop must travel to reach the 
stomach (Fig. 14.4). In the case of severe adhesions, we remove them by directing specific 

Fig. 14.4  Division of the greater omentum in order to reduce the hump for the positioning 
of the antecolic Roux-en-Y intestinal loop
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trocars towards this task; the greater omentum can also be divided from right to left at 
the limit of the transverse colon, thereby sufficiently mobilizing the greater omentum to 
access the ligament of Treitz. Once the greater omentum is divided, clips are placed at the 
division to mark the site where the jejunal loop will be placed on the colon. The trans-
verse colon is retracted using a Babcock grasper. The area of division of small bowel is 
identified approximately 20–25 cm from the angle of Treitz. The small bowel is exposed 
with the left hand using an atraumatic grasper; an assistant can help with counter-trac-
tion An Ethicon GIA-45 (white) is fired to transect the small bowel (Fig. 14.5). One and 
half firings of the GIA-45 white should divide the mesentery (Fig. 14.6). To avoid injuring 

Angle of Treitz

20 cm
.

Lig. of Treitz

Fig. 14.5   Division of the jejunum 20–25 cm from the angle of Treitz using a white load

Fig. 14.6   Division of the mesentery with 1.5 firings with the 45 mm vascular stapler
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the superior mesenteric artery, one should never fire more than two loads of the GIA-45 
in the mesentery (Fig. 14.7). The next step is coagulation of any bleeding along the cut 
edges of the mesentery. It is extremely important to use electrocautery or clips to avoid 
postoperative bleeding. The harmonic shears are used to open up the crotch of this divi-
sion to further extend the length of the alimentary loop. Occasionally, the proximal part 
of the Roux limb becomes ischemic due to stapling of the feeding vessels. Using another 
GIA-45 white, this piece of small bowel – like a Ravioli – will be transected where a pul-
sating artery is seen at the mesenteric border of the small bowel (Fig. 14.8). The proximal 
part of the cut intestine is marked using several clips placed along the staple line to avoid 
confusion when pulling the roux limb up. This provides orientation of the 100–150 cm 
loop. If the BMI is less than 50, a 100-cm loop is used, while a 150 cm loop is constructed 
if the BMI is greater than 50. A clip is placed distally, and the smallest possible opening is 
made using the harmonic shears (Fig. 14.9). The same opening is then created on the 
proximal part of the small bowel. At this point, the GIA-45 white is inserted, and the jeju-
nojejunostomy is created. Stabilization of the stapler is performed using the stapler 
nearly closed to avoid widening the opening (Fig. 14.10). The jejunostomy is then closed. 
One Kaiser stitch – named after one of our attendings – is placed at the lower part of the 
enterotomy (Fig. 14.11), and the enterotomy is closed with a running 3–0 Prolene on an 
SH1, the best possible small needle (Fig. 14.12). The Kaiser stitch is tied to the running 
suture. The mesenteric window is closed using a running 3–0 nonabsorbable suture, 
minimizing the risk of internal hernias (Fig. 14.13). The area is thoroughly checked for 
bleeding. At this point, attention is directed to the second part of the operation (con-
struction of the gastric pouch) (Fig. 14.14). The patient is placed in reverse Trendelenburg 

Fig. 14.7   Risk for injury of the SMA if three or more loads of the 45 mm stapler are used
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If “blue” then
remove segment

Fig. 14.8   Resection of an ischemic small bowel tip (resection of a “Ravioli”)

Fig.  14.9   Enterotomy for the jejunojejunostomy using the harmonic shears; the distal 
jejunum is marked with a clip
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Fig. 14.10   Side to side jejunojejunostomy using the 45 mm vascular stapler. The proximal tip 
of the jejunum was marked with clips

Fig. 14.11  Closure of the enterotomies using a running 3–0 Prolene on an SH1 needle. The 
proximal corener is closed using one interrupted stitch (the “Kaiser” stitch)
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Fig. 14.12   Closure of the enterotomies using an extramucosal running 3–0 Prolene stitch

Fig. 14.13   Closure of the mesenteric defect using a running 2–0 Ethibond suture
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position. The liver is retracted superiorly after inserting the subxiphoid trocar. Mandatory 
preoperative weight loss will reduce the volume of a fatty liver, which enhances and eases 
the use of sophisticated instruments in all cases. The angle of His is identified to the left 
side of the fat pad and opened gently with the harmonic shears. The “L” retractor is then 
used to further open the angle of His. Next, the lesser curvature is identified slightly 
under the second gastric vein. The harmonic shears are used to open the lesser omentum 
close to the gastric wall. With the assistance of two graspers, the lesser sac is opened 
promptly without further dissection with the harmonic shears to minimize the risk of 
burn injury to the gastric wall (Fig. 14.15). At this point, with the right hand of the sur-
geon holding the L retractor inside the opening, a GIA-45 blue is fed through the window 
(Fig. 14.16). Before firing the stapler, the NG-tube is removed by the anesthesiologist, and 
then several firings of the GIA-45 blue will finish the creation of the gastric pouch verti-
cally, and clips are placed along the staple line for hemostasis as needed. It is very impor-
tant to avoid a fold during the first vertical firing at the intersection between the horizontal 
and vertical staple lines; such a fold can create a weak point, and is frequently the site of 
staple line disruption, especially when stapling the thick stomach of a male patient. This 
disruption can cause a postoperative leak (Fig. 14.17). The L-shaped retractor will always 
precede the introduction of the stapler (Fig. 14.18).

Fig. 14.14   Figure depicting the future gastric pouch
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Right margin of
stomach under
pars flaccida

Pylorus

Fig. 14.15   Preparation of the firing of the first transverse cut; opening the retrogastric win-
dow medial to the nerve of Latarjet, using a maneuver with two atraumatic grasper forceps

Fig. 14.16   Division of the horitzontal portion of the gastric pouch using the linear 45 mm 
stapler with blue loads. Note the inferior retraction of the grasper forceps of the assistant, and 
the placement of the right-angled “L” shaped retractor holding the gastric pouch, held by the 
right hand of the surgeon
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Occasionally, after the firing of the last load of staples (Fig. 14.19), there is a connec-
tion remaining between the pouch and the gastric remnant (Fig. 14.20). Cutting this tis-
sue can result in a leak from this corner, and convert the angle of His to the angle of 
sorrow. Although it seems like a waste of a staple load, this tissue should also be divided 
with a stapler to make sure that there is no opening at the corner. Sometimes, after com-
plete division of the stomach, there is a sharp angle at the corner of the pouch that can 
look dusky. This should be trimmed with another firing of the stapler. In female patients, 
we also use the Seamguard (Gore Inc, Flagstaff, AZ) to reinforce the staple lines and 
ensure hemostasis; however, we do not use the Seamguard with the first and last staple 
loads (technically at the corners), so that if there is a problem that needs to be fixed with 
a suture, the Seamguard is not in the way. In men, we often avoid using Seamguards due 

NO FOLD

Fig. 14.17   Division of the vertical portion of the pouch; the 45 mm stapler is placed as not to 
create a fold at the intersection of the two staple lines
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Fig. 14.18   Introduction of the “L” shaped retractor that emerges just lateral to the angle of 
His, the fat pad always left medially

Fig.  14.19  Firing the stapler using Seamguard vicryl reinforcement; the tip of the stapler 
should always be visible



	 Chapter  14     Bariatric  Surgery228

to the thickness of the stomach to avoid the disruption of the staple line. The Roux limb 
is then pulled up in an antecolic, antegastric fashion. Extreme attention must be paid not 
to twist the long Roux limb during this part of the operation. If the Roux limb looks short 
and the anastomosis is under tension, there are a few tricks to fix the problem. If the limb 
is still short, the patient should be placed back in the supine position, and the peritoneum 
covering the crotch of the divided mesentery should be opened. This will usually give 
enough length to relieve the tension. It is also possible to score the mesentery with the 
harmonic shears in a radiating fashion; this will ease the tension on the Roux-en-Y by 
lengthening it (Fig. 14.21). If the length is still insufficient, then one can divide the lesser 
omentum all the way up to the right crus of the diaphragm to release the attachments of 
the esophagus and add to the length of the pouch (Dr. Ninh Nguyen’s technique, Fig. 14.22). 
Alternatively, the anastomosis can be performed in a retrocolic, retrogastric fashion, 
which traverses a shorter distance than the antecolic technique, but we have not needed 
to use this. The patient is then placed in reverse Trendelenberg position, and the gastro-
jejunostomy is performed. The first posterior layer is sutured using a 3–0 Prolene on an 
SH1 starting in the first centimeter in the vertical division and finishing at the lesser cur-
vature. This technique has dramatically reduced the number of postoperative strictures 
due to the creation of a larger anastomosis (Fig. 14.23). The enterotomy and gastrostomy 
are completed using the harmonic shears to a length of 1.5 cm (Figs. 14.24 and 14.25). If 
there is a little bleeding on the mucosa, it is possible to control it with intraluminal clips. 
Electrocautery should be avoided, as it can result in a postoperative leak (Fig. 14.26).

Fig. 14.20   The last firing of the top portion of the stomach often leaves an undivided 1–3 mm 
gastric portion. Arrows indicate the necessity of firing a final load beyond the visible staple line 
to avoid inadvertent opening leading to leaks
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Fig. 14.21   Technique (1) to increase mesenteric length. Scoring the mesentery (dotted lines) 
will increase the length of the Roux-en-Y by 2–3 cm

Phrenoesophageal
membrane

Fig. 14.22   Technique (2) to decrease tension on the gastrojejunal anastomosis; taking down 
of the phrenoesophageal membrane (Nguyen)
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1 cm.

Fig. 14.23   Start of the first posterior layer of the gastrojejunostomy on the vertical portion, 
1 cm above the horitzontal staple line. This will increase the size of the gastrojejunostomy, 
thus reducing the risk of postoperative stricture

Fig. 14.24   Opening the gastrotomy with harmonic shears
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Fig. 14.25   Opening the enterotomy; figure shows the completed first posterior layer using 
3–0 Prolene (on SH1 needle)

Fig. 14.26   Control of bleeding inside the anastomosis using clips (avoid electrocautery)
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Fig. 14.27   Running the second posterior layer using 3–0 Vicryl on an SH1 needle

The second posterior layer is sutured using Vicryl (Fig. 14.27); this facilitates dila-
tion if it becomes necessary as the suture dissolves at the second month. The use of vicryl 
is tricky, and one should always be careful, since Vicryl can unravel. The anterior layers 
are completed using the same 3–0 Prolene on an SH1 (Figs. 14.28 and 14.29); The first 
anterior layer is extramucosal; care is taken to dunk both corners and angles. The anasto-
mosis is tested using methylene blue through the NG tube in measured 5cc increments, 
which also has the advantage of delineating the size of the gastric pouch. A twenty CC 
pouch is usually ideal. Fibrin sealant is applied on the vertical gastric stapled lines and in 
Petersen’s space (Figs. 14.30 and 14.31); an omental patch using the greater omentum is 
routinely placed on the gastrojejunostomy. A JP drain is placed around the anastomosis 
in left upper quadrant to detect any postoperative bleeding. The trocars are then removed 
under direct vision. In case of bleeding from port sites, a spatula is used to achieve homeo-
stasis from inside the abdomen, or it is inserted through the trocar site, and hemostasis 
completed from the outside. Closure of the skin using dermabond will complete the oper-
ation. The patient is urged to ambulate the same day, and will be placed on a liquid diet 
the next morning. If the patient tolerates the liquid diet without nausea or vomiting due 
to the swelling of the anastomosis, the patient is discharged. The drain is removed at this 
time. Twenty percent of our patients complain of nausea and some vomiting due to edema 
of the anastomosis. There is no need to perform an upper GI swallow since it will always 
show no passage of contrast. This will usually resolve the next day. We discharge our 
patients on a proton pump inhibitor for 1 year to prevent anastomotic ulcers.
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Fig. 14.28   Running the first anterior layer using an extramucosal 3–0 SH1 Prolene suture

Fig. 14.29   Running the second and last anterior layer using a serosal 3–0 SH1 Prolene suture
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Fig. 14.30   Optional reinforcement of the anastomosis using fibrin glue

Fig.  14.31  Areas where fibrin glue is applied for hemostasis and adhesion (vertical gastric 
staple lines, Petersen’s defect)
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Immediate Postoperative Complications

There are two immediate postoperative complications for which patients may need to be 
emergently taken back to the operating room: bleeding and leak

 Bleeding. In the immediate postoperative period, if a patient becomes tachycardic with 
a drop in the hemoglobin/hematocrit and sanginous fluid inside the drain, this is usually 
indicative of bleeding from the staple line. Most of the time, this is self-limited and responds 
to transfusion. However, if the patient continues to bleed and the drain keeps filling with 
blood, the surgeon should have a set point to take the patient back. In our experience, if the 
patient’s hemoglobin drops below 8.5, or the hematocrit drops below 25 regardless of the 
vital signs, the patient should be taken back emergently to the operating room.

The abdomen is insufflated with a Veress needle. The same trocar incisions can be 
used, with the supraumbilical incision generally used to enter the abdomen. A large 
amount of clot may be seen around the bleeding area without any evidence of the bleed-
ing vessel. Two other trocars are placed in a triangular fashion. The first step is to suck all 
the clots with a 10-mm suction catheter to clean the area. Introduction of a raytek can 
help accomplish this task. After the clots are removed, the area is thoroughly examined 
to find the bleeder, which will be clipped. After meticulous examination, the raytek is 
removed and another drain is placed. The application of fibrin sealant on all of the staple 
lines completes the procedure (Fig. 14.32).

Occasionally the bleeding is intraluminal. Intraoperative endoscopy will reveal if 
the bleeding is on the pouch side or the remnant side. If it is in the pouch, it can be con-
trolled with endoscopic coagulation; however, if there is no blood inside the pouch, the 
source of bleeding must be the remnant. The solution is to oversew the staple line with a 
running suture.

 Leak. In contrast to nonobese patients, tachycardia is the first and sometimes the only 
sign of a leak in obese patients. Any tachycardia above 100 beats/min is concerning and 
needs to be worked up. Our first step in work up is a stat CT scan with IV and oral 
contrast. In our experience, gastrographin swallow is not as sensitive as CT scan in 
detecting leaks, and the other benefit of CT scan is that it will detect other causes for 
tachycardia (i.e., fluid collections such as hematoma or rarely an abscess). Small leaks in 
stable patients can usually be managed with percutaneous drainage, antibiotics, and by 
keeping the patient NPO. Also, it may be possible to use intraluminal covered stents to 
traverse the leak. However, patients who become septic or rapidly fail nonoperative 
management need to be taken back promptly to the operating room.

After insufflation of the abdomen and placing the trocars in a triangular fashion, 
the area of leak is examined. If the leak is at the jejunojejunostomy, placement of extra 
sutures with an omental patch will often suffice. Otherwise, the anastomosis should be 
re-done. A leak at the gastrojejunostomy is usually not amenable to repair with suture 
due to severe inflammation from gastric secretions. Leak from this area is controlled 
with an omental patch and extensive drainage with multiple drains. Again, intraluminal 
stents maybe helpful if the leak is at the angle of His .
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Late Postoperative Complications

Internal Hernia. Persistent colicky abdominal pain with vomiting in a patient after 
Roux-en-Y gastric bypass can be indicative of an internal hernia. Even if the mesenteric 
defect was closed in the original operation, it may enlarge as the patients lose weight and 
allow a loop of bowel to herniate (Fig. 14.33). The diagnostic tool of choice is a CT scan 
with IV and oral contrast, which will show a swirl of the mesenteric vessels around the 
internal hernia – the Cinnamon Roll sign. In this case, or if there is a high clinical suspi-
cion for internal hernia, the patient should be taken back to the operating room. After 
insufflation and placement of a set of triangulated trocars, the ileal-cecal junction is 
found and bowel is run towards the ligament of Treitz. When the hernia is found, the 
small bowel is reduced and the mesenteric defect is closed with a nonabsorbable suture 
(Fig. 14.34). Fibrin sealant is applied over the defect (Fig. 14.35).
A grave complication is torsion of the small bowel, and more specifically torsion of the 
Roux limb. This is especially true with a long loop measuring more than 100 cm, as is the 
case in patients with a BMI greater than 50. When positioning the Roux-en-Y limb, it is 
possible to have a loose 360° torsion of the Roux limb, and the patient will present with 
multiple admissions to the ER with symptoms of vomiting and abdominal pain that 
resolve spontaneously. A contrast CT can be diagnostic, but more often, a diagnostic 
laparoscopy will find this rare complication. The only solution is to redo the gastrojeju-
nostomy (Fig. 14.36).

Fig. 14.32   Application of fibrin glue on bleeding staple lines
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Fig. 14.33   Internal hernia reduced through the mesenteric defect

Opening in
mesentery
closed

Fig. 14.34   Closure of the defect in the repair of an internal hernia
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Fig. 14.35   Reinforcement of the closed defect with fibrin glue

Fig. 14.36   Depiction of a 360° twist of the antecolic Roux-en-Y
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 Anastomotic Ulcers. Anastomotic ulcers are usually secondary to a pouch larger than 
30 cm3 with increased acid secretion, a gastro-gastric fistula are found in a patient who 
continues to smoke postoperatively. In most cases, ulcers can be treated with proton 
pump inhibitors and cessation of smoking; however, if the ulcer results in perforation, 
the patient needs to be taken to the operating room. A Graham’s patch with or without 
closure of the hole is the treatment of choice. If the symptoms persist, another option is 
to redo the anastomosis after the inflammation has subsided.

 Stricture. Constant vomiting and intolerance to food, more commonly than dumping 
syndrome, is due to stricture at the gastrojejunostomy. It usually manifests itself at the 
end of the second postoperative month. A postoperative stricture is normally diagnosed 
with endoscopy revealing an anastomosis less than 8 mm in diameter; this can often be 
treated with a single dilatation to a diameter of 1.5 cm, although a second dilatation is 
occasionally needed. In our experience, once we added an additional 7–8  mm to the 
diameter of the anastomosis by starting the gastojenostomy 1 cm above the inferolateral 
corner of the pouch, no strictures have been seen (Fig. 14.23).

OR Set Up

The patient can be placed in either the supine or lithotomy position. The benefit of the 
supine position is a faster set up and decreased risk of pressure on the thighs from the 
buttock holders. If the patient is placed in lithotomy position, the OR set up is exactly as 
for the Nissen procedure with one monitor above the patient’s head and one on the left 
side of the patient.

Technique

We use a five-trocar technique for the lap band (Fig. 14.37). The trocar placement is the same 
as in the fundoplication. The first step is retraction of the left lobe of the liver. In the case of 
a very large accessory left hepatic artery barring the pars flaccida, it is possible to dissect the 
artery on either side to avoid ligating it. In the case of an artery that blocks access to the 
hiatus, it is possible to clamp the artery and monitor the effect on the liver. If there is no 
ischemia, the artery can be divided. The avascular aspect of the pars flacida is opened lateral 
to the nerve of Latarjet (Fig. 14.38). The membrane lying over the medial edge right crus is 
opened very low, near the crural decussation (Fig. 14.39), and by gently using a grasper from 
left to right, a small window is created under the esophagus and below the left crus 
(Fig. 14.40). We do not like to insert instruments blindly behind the esophagus, as is com-
monly performed rather, we prefer to see this window created under direct vision to avoid 
injury to the esophagus. The angle of His is opened using the harmonic shears. A special 
dissector is placed in this window (Fig. 14.41). At this point, a fifteen millimeter trocar allows 
the insertion of the Realize Band (Ethicon Endo-Surgery Inc, Cincinatti, OH) (Fig. 14.42). 
The knotted thread is placed in the special dissector, and this permits the band to be pulled 
behind the esophagus and closed just under the decussation (14.43). All these cases are done 
using the pars flaccida technique to minimize slippage. Once the band is closed making sure 
that the buckle is facing toward the liver and the angulation is ideal at 45 degrees towards the 
left (Fig. 14.44), the stomach is used to imbricate the band to further minimize the slippage.

Laparoscopic 
Adjustable 
Band
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Fig. 14.37   Trocar position for lap band surgery. C camera; A left hand of surgeon; B right hand 
of surgeon and site of introduction of the port (15 mm); D assistant’s grasper; E liver retractor. 
S surgeon; CA camera assistant; FA first assistant

Caudate lobe
of liver under
pars �accida

Left margin
of stomach
under fat layer

Fig. 14.38   Opening the avascular aspet of the pars flaccida (“Pars Flaccida” technique)
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Caudate lobe

Rt. crus under
lateral fat of
stomach

Fig. 14.39   Incision of the peritoneal layer over the right crus of the diaphragm

L. crus

Rt. crus

Fig. 14.40   Dissection and creation of the retroesophageal tunnel under the left crus, near the 
decussation of the crura
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Fig. 14.41   The Goldfinger dissector is passed through the retroesophageal tunnel

Fig. 14.42   Passage of the band in the retroesophageal tunnel
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Fig. 14.43   Band placed according to the “Pars Flaccida” technique

Fig. 14.44   The band is closed and the buckle is placed towards the caudate lobe of the liver, 
thus leaving the inflated chamber on the gastric wall
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The first stitch attaches the stomach to the left crus (a French technique, Fig. 14.45) 
as an alternative to the gastric wall. Two other gastro-gastric stitches are placed to fix the 
band in the correct 45° position (Fig. 14.46). It is important that these stitches are placed 
high on the stomach to leave sufficient space for the Realize Band. A fourth stitch is used 
to reconstitute the phrenoesophageal membrane covering the right crus (Katkhouda 
stitch), and the last stitch is placed under the band itself, to further minimize the risk of 
slippage (Patterson’s stitch). The last two stitches are optional. After this is done, the tub-
ing is grasped and exteriorized through the 15 mm trocar. At this time, the incision of the 
fifteen millimeter trocar is widened to about 4 cm (Fig. 14.47), and a small area of the 
fascia is identified under the trocar entry site. A pocket is created, and the port-a-cath is 
fixed in place using a specially provided device (Fig. 14.48). It is important to ensure that 
the tubing is not twisted. We like to add a single vicryl stitch to approximate the fascia 
around the tubing to avoid any herniation. The subcutaneous fat and skin are closed in 
layers, and the remaining incisions are then closed using dermabond.

Complications

There are two major complications related to the lap band that would necessitate a revi-
sional procedure: slippage and erosion.

 Slippage. If the fundus is not plicated above the band, the stomach can slip under the 
band. If a patient continues to overeat in spite of having a very tight band, the pressure 
inside the pouch results in distention of the pouch. Over time, this excessive distention 
pushes the stomach through the band and results in slippage. On a plain X-ray of the 
abdomen, instead of appearing at a 45° angle pointing from the left shoulder to the right 
lower quadrant, the band will be in a horizontal plane or even at a 90° angle to the 
appropriate position (pointing from the right shoulder to the left lower quadrant).

The first step is to remove all the fluid from the band and keep the patient on liquid 
diet. This may result in reversal of the slipped pouch; however, if this maneuver is unsuc-
cessful, the patient should be taken back to the operating room.

The positioning and trocar placement is exactly the same as the initial lap band 
operation. The adhesions of the liver to the band are taken down with harmonic shears. 
Then the gastro-gastric imbricating sutures are divided and the imbrication is reversed. 
Occasionally this can be done with an endo-GIA if the planes are obliterated. The band is 
then unlocked and removed, which results in release of the slippage. The options now are 
to make a new retroesophageal tract to place the same band, or preferably to convert the 
procedure to a Roux-en-Y gastric bypass (if discussed with the patient preoperatively).

 Erosion. Erosions usually happen if the band is too tight or if there was an injury to 
the stomach in the original operation. Infection of the port site is commonly the first 
symptom of band erosion. It is diagnosed with endoscopy, which reveals a part of the 
band inside the stomach.
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Fig. 14.45   First stitch to imbricate the stomach over the band to reduce the risk of slippage. 
Fixation of the stomach to the diaphragm

Fig. 14.46   Two remaining gastro-gastric stitches of 2–0 Ethibond inbricating the stomach 
around the band



	 Chapter  14     Bariatric  Surgery246

4 cm.
incision

Fig. 14.47   Four centimeter incision made extending the incision of the 15 mm trocar for 
introduction of the port

Injection port

Tubing to band

Fig. 14.48   Securing the port with metallic anchors using the specific device
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The positioning and port placement is again the same as the original operation. The 
first step is to find the tube of the band (Fig. 14.49). The adhesions are taken down, and 
dissection continues directly on the tube until the band itself is found. The capsule 
around the band is divided using the harmonic shears (Fig. 14.50). This usually involves 
opening a hole inside the stomach where the erosion occurred. The band is then divided 
with sharp scissors and removed (Fig. 14.51). The hole in the stomach is closed with 2–0 
prolene suture and an omental patch (Fig. 14.52). The closure is tested with methylene 
blue and a drain is placed. The port-a cath is removed and the skin is left open if infec-
tion is present. A gastrographin swallow is done on postoperative day 4–5, and if normal, 
the patient will be started on diet.

Occasionally, if most of the band is inside the stomach, the procedure can be done 
endoscopically. First, the port-a-cath is removed. Next, the band is cut inside the stomach 
using endoscopic scissors and removed via the mouth. Since there is no opening of the 
tract intraoperatively, there is no need for drainage or closure of the defect. The tract 
around the tube works like a tract around a t-tube and will close over time.

Fig. 14.49   Gastric erosion following lap band surgery; the guide to the band is represented 
by the tubing, shown here being dissected free of adhesions with the harmonic shears
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Fig. 14.50   Exposure of the lap band chamber by opening the encapsulated layer around the 
silicone Band

Band cut

Fig. 14.51   Division of the lap band using sharp, strong scissors
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The purpose is to create a 60–200 cc pouch removing a major part of the stomach, creating 
a sleeve and preserving a portion of the antrum (Fig. 14.53). The patient is placed in a steep 
reverse Trendelenburg position (Fig. 14.54). Good exposure of the stomach, by ensuring 
the stomach is stretched, is crucial for the dissection of the greater curvature. The har-
monic shear is used to take down all the branches of the left gastroepiploic vessels. The 
greater curvature dissection continues approximately two centimeters to the pylorus, then 
a distance of five to six centimeters proximal to the pylorus is identified to start the first 
firing (Fig.  14.55). The sleeve gastrectomy is performed via sequential firings of a GIA 
forty-five starting with a 4.8  mm (green) stapler enforced with bioabsorbable material 
Seamguard (W.L. Gore Associates, Flagstaff AZ). The first stapler is fired so that a narrow 
1.5 cm gap is left between the tip of the stapler and the lesser curvature (Fig. 14.56). The 
second firing is then performed, making sure that there is no occlusion of the gastric 
lumen. A 32–34, French bougie is then inserted and advanced along the lesser curvature 
into the duodenum to allow the calibration of the sleeve (Fig. 14.57) and then the sleeve 
gastrectomy, is completed by the firing of GIA-45 blue cartridges at the angle of His 
(Fig. 14.58). It is important to leave some gastric tissue at the upper edge near the angle of 
His to avoid injuring the gastro-esophagal junction. Seamguards are used on all firings. 
The gastric specimen is then removed through the umbilical port in a specimen bag 
(Fig. 14.59). An alternative technique is to divide the stomach before dividing the high 
gastroepiploic vessels and the short gastric vessels, thus allowing the stomach to remain 
attached and naturally retracted (Fig. 14.60). It is also possible to imbricate the areas of 
intersecting staple lines with interrupted stiches as an additional safety measure (Fig. 14.61).

Hole

Omentum

Fig. 14.52   Closure of the gastric erosion using an omental patch

Laparoscopic 
Sleeve 
Gastrectomy
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Fig. 14.54   Trocar port positions. C camera port; A left hand of surgeon; B right hand of sur-
geon; D grasper for assistant; E liver retractor
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longitudinal
pouch
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Fig. 14.53   Laparoscopic sleeve gastrectomy
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5-6 cm.

Fig. 14.55   Mobilization of the greater curvature to a distance of 5–6 cm of the pylorus

Fig. 14.56   Firing of the first load of a 45-mm stapler with green load, leaving a 1.5-cm margin 
to the lesser curve
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34 French bougie

Fig.  14.57   Introduction of a 34Fr bougie after the  completion of the second firing of the 
stapler

Fig. 14.58   Completion of the sleeve gastrectomy, all staple lines reinforced with Seamguard. 
Note that there is a sliver of stomach left at the angle of His to reduce the risk of postoperative 
leaks at this area
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Fig. 14.59   Removal of the gastric specimen in a bag

Fig. 14.60   Alternative technique for sleeve gastrectomy. Mobilization of the greater curve 
and fundus following the division of the stomach, thus allowing for a natural retraction of the 
stomach during stapling
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Fig. 14.61   Final view of the completed sleeve gastrectomy. The intersections of the staple 
lines are dunked using interrupted stitches
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The concept of single-access laparoscopic surgery is to perform the procedure 
through one skin access (port). Several acronyms have been used to describe this con-
cept, such as our single-access laparoscopic surgery (SALS), single port access (SPA) 
laparoendoscopic single-site surgery (LESS), and single incision laparoscopic surgery 
(SILS), and they all refer to the same procedure.

The umbilicus is usually used for basic procedures such as laparoscopic cholecystectomy, 
appendectomy, and hernias. The incision can circumscribe the umbilicus or go through 
the umbilicus, as depicted in Fig. 15.1. In the latter technique, the umbilicus is carefully 
cleaned, and two kocher clamps invert the umbilicus to expose the skin. An eleven blade 
is used to cut the skin, and then the skin incision is enlarged with a Kelly. Two S-retractors 
are inserted to retract the edges of the skin incision, and a fine scissor is used to create a 
pocket, developing a fascial plane slightly larger than the skin incision. It is then impor-
tant to identify the natural defect in the linea alba, which is then enlarged by inserting a 
Kelly and spreading it open. Carefully, a blunt 5-mm trocar, preferably without any protu-
berant plastic edges, is inserted and the abdomen is then insufflated. At this point, a spe-
cial long 40 cm, 5 mm, 30° bronchoscope (Karl Storz, Tuttlingen, Germany) is inserted 
between and hooked to the camera, and the exploration of the abdomen is performed. All 
the trocars are then inserted in a staggered fashion (Fig.  15.2). This figure also clearly 
shows the relationship of the different trocars and the long 5  mm scope. Ideally, they 
should be short and stealthy to avoid the “knitting needle” effect of the trocars. We prefer 
insertion of the 5 mm camera site at about 7 o’clock for a laparoscopic cholecystectomy, 
with one 5 mm trocar at 11 and one at 3 o’clock (Fig. 15.3) to allow the two hands to be 
positioned comfortably one on top of the other (Fig. 15.4).This describes the technique 
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Fig. 15.1   Schematic view of the umbilicus; all the constituting layers are shown; two Kocher 
clamps evert the umbilical skin

Fig. 15.2   Staggered insertion of trocars; use of a long 45 cm 5 mm 30° scope
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using multiple small 5 mm facial openings under the divided skin of the umbilicus. One 
can also use disposable perforated rubber like devices offered by several companies that 
would require one slightly larger facial incision (around 2 cm).

The fundamental difference between SALS and classic laparoscopy is that the angle 
of the operation is much wider in the classic technique, therefore allowing a greater 
degree of freedom outside while the instruments are joining at the tips of the target. In 
SALS, because of the divergence that occurs early on at the skin level, the two tips reach 
the target at diverging angles (Fig. 15.5); as such, the only ways to allow for the right-
hand instrument to reach the target are to cross the hands (Fig. 15.6) or to use the left 
hand as the dissecting hand, with the right hand as the supporting hand (Fig. 15.7). Again 
our solution is to avoid unnatural movements of the hands and keep them on top of each 
other thus allowing for more lateral freedom (Fig. 15.4).

5 mm. left hand

5 mm.
camera site

5 mm.
right hand

Fascial opening for
rigid retracting instrument

Umbilicus

Fig. 15.3   Multiple fascial openings for SALS, all located within the umbilicus

Fig.  15.4   Left operating hand supinated and positioned above pronated right hand of 
surgeon
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Crossed hands
in SALS SALS Classic triangulation

Fig. 15.5  Different angulation of instruments; classic triangulation during laparoscopy; SALS 
with and without crossing hands

L
R

Fig.  15.6  Dissection of the cystic duct 
using a hook with the right hand crossed

L R

Fig.  15.7  Alternative technique: dissec-
tion of the cystic duct using a hook with 
the left hand
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Laparoscopic Cholecystectomy

Our preferred technique is to have one hand atop the other, with the left hand sitting on 
the right in a supinated position, and the right hand below the left in a pronated position 
(Fig. 15.4). The procedure is performed in the same fashion as the standard cholecystec-
tomy, with one exception - the retracting grasper for the fundus would be inserted below 
the 5 mm trocar with a scope; ideally, the insertion occurs at about 6 o’clock. We have 
found with others that the insertion of a long ratcheted 36  cm needle-nosed grasper 
without a trocar is most beneficial, as it doesn’t interfere with the other 5 mm trocar. It is 
imperative, though, to be careful when inserting this instrument, as it is done without 
direct visualization; we recommend the exploration of this area with a 10-mm scope at 
the end of the procedure. Another technique is to retract the fundus using a Keith needle 
inserted through the skin just under the right costal margin. This unfortunately does not 
allow for the same good retraction as the grasper.

The cystic duct is then slowly and carefully, dissected out. Minimal cautery is used 
as to avoid any burn injury to the adjacent structures (e.g., the duodenum or common 
bile duct). Once the junction of the cystic duct and the gallbladder is identified, and the 
junction between the cystic and hepatic ducts is also seen, a 5-mm clip applier is inserted 
and clips are placed in the usual fashion. The cystic artery is also dissected and divided, 
and the gallbladder is removed in the gallbladder fossa.

At this point, two 5 mm trocars are enlarged to allow the insertion of a 10-mm tro-
car and a bag in which the gallbladder is removed. The 10 mm trocar allows the insertion 
of a 10-mm scope in order to explore the area of insertion of the trocars for recognition 
of any possible bowel injury, and all the trocars are then removed. The fascia that allowed 
the insertion of the 10 mm trocar is then closed using the usual vicryl sutures, and cos-
metic closure of the umbilicus finishes the procedure.

Laparoscopic Appendectomy

The same concepts and patient positioning are used as with traditional laparoscopy; the 
difference here is the use of the harmonic shear to coagulate the meso-appendix, and the 
ligation of the appendix itself is performed using two endoloops at the base and one 
endoloop more distally. The appendix is then divided and removed in a 10-mm bag 
inserted through the enlarged 10 mm incision inside the umbilicus.

Laparoscopic Inguinal Hernia Repair

Our preferred technique for traditional laparoscopy is the TEPP approach; however, the TAP 
technique is slightly easier with SALS. The trocar placement for this method is the same as 
for SALS cholecystectomy, and the technique is similar to the usual laparoscopic TAP.
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It is possible to insert a device provided by several manufacturers that allows for a good 
CO2 seal. These devices are made of rubber or silicone gel, are perforated to allow the 
insertion of small trocars.

The big difference with our basic technique is the need for one incision only on the 
fascia to insert the disposable rubber seal.

The disadvantage is the need for a slightly larger skin and fascial incision. It is also 
not very amenable for a purely intraumbilical insertion.

The advantage is the possibility of slight rotation of the device and the attached 
ports allowing to compensate for the lack of horizontal freedom of the hands and 
enabling the hands to position themselves better in our favorite position (left hand above 
right one).

Alternative 
Technique 

Using 
Disposable 

Devices
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Laparoscopic suturing is a fundamental skill in advanced laparoscopic surgery. It 
requires a great deal of patience and practice. The mastery of this skill will enable the 
surgeon to perform many complex laparoscopic procedures and to laparoscopically 
repair complications should they occur.

Monitors

In performing complex laparoscopic surgery, the ergonomics of the operating room are 
of paramount importance. The monitor should be comfortably located at the level of 
surgeon’s eyes, facing the surgeon on the side of the lesion. For example, during a chole-
cystectomy the monitor should be positioned on the patient’s right side in direct line of 
vision of the surgeon. While during a laparoscopic Nissen the surgeon stands between 
the legs of the patient in the French position with the monitor placed at the head of the 
patient facing the surgeon.

OR Table

The height of the table should correspond to the surgeon’s height, which will naturally 
place the surgeon’s arms at the correct position to maneuver the laparoscopic instru-
ments. The wrists should be straight, and the elbows comfortable. If the wrists are flexed 
(Fig. 16.1), either the table is too high or the trocars are placed too high. To fix a height 
discrepancy between the surgeon and the table, one should either readjust the table or 
use steps. If the problem is not fixed with adjustment of the table, the ports are placed too 
high and need to be repositioned to a lower location.

Ergonomics of 
the Operating 
Room (OR Table 
Height, Monitor 
Placement)

Advanced 
Laparoscopic 

Suturing 
Techniques
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In addition, the table can be manipulated to the advantage of the surgeon. For 
example, during a laparoscopic appendectomy, tilting the table right side up and head 
down helps to move the small bowel into the left upper quadrant for better exposure. In 
essence, tilting the table creates an extra hand.

Trocar Placement and Triangulation

Successful laparoscopic suturing is dependent on a key concept in laparoscopic surgery, 
the triangulation of instruments. Triangulation occurs when the right and left hands of 
the surgeon are positioned on either side of the camera and form a 90° angle with the 
camera. This is the basic trocar position and will avoid the “knitting needle” effect of the 
instruments when using a two-handed technique. In addition to the triangulation of 
trocars at the skin at ninety degrees with the laparoscope, it is important to insert the 
trocar in such a way that the instruments also triangulate inside the abdomen at ninety 
degrees in a double triangulation (Fig. 1.11, Chap. 1). This is critical and especially impor-
tant in patients who are morbidly obese with a thick abdominal wall. A trocar that is 
inserted straight down does not allow any movements of the instruments.

a

b

Fig. 16.1  Correct position of wrists. (a) depicts wrists in line with the forearms. (b) depicts 
incorrect flexed wrist position (operating table too high or trocar ports placed too high)

a

b
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The intra-abdominal triangulation prevents the instruments from aligning them-
selves parallel to each other, which would make the task of suturing very difficult. Another 
common problem encountered in port placement is when a trocar is placed too medially 
and too close to the camera port. In this situation, instead of only visualizing the tip of 
the instrument in the field, the shaft is partially in line with the camera and will obstruct 
the view; this is known as the “shaft sign” (Fig. 16.2), and indicates an incorrect trocar 
position. The solution is to move the trocar by partially removing it and then sliding the 
skin with the help of the trocar more laterally before reinserting it.

The ideal ergonomic position for the camera is when the laparoscope is in line with 
the target while preserving the double triangulation. This ensures the optimal view 
required for successful laparoscopic suturing.

Equipment

Designated advanced laparoscopic equipment is necessary to perform advanced proce-
dures. This equipment includes additional specifications for the purposes of laparo-
scopic suturing.

Fig. 16.2   “Shaft” sign; trocar for the surgeon’s right hand is too medial. Tip of instrument is 
barely visible. The solution for this is lateral translation of the medialized port. C camera port; 
A left hand; B right hand, moved laterally
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Needle Holders

Appropriate needle-holders are necessary, at least for the surgeon’s dominant hand. The 
ideal needle-holder has a long shaft, a straight handle that allows some rotation of the 
wrist, and jaws with a diamond shape that will grasp the needle appropriately. The trig-
ger mechanism of the needle-holder should be comfortable, and the jaws should grasp 
firmly enough without use of excessive force, which may crush and break the suture. The 
needle-holder should be single action without any exposed hinges in which the suture 
material can be caught (Fig. 16.3).

Graspers

Graspers should be atraumatic and without ratchets. Fenestration is a matter of surgeon’s 
preference. The only grasper with a ratchet is used to retract the gallbladder during a 
cholecystectomy. It is important to avoid graspers with exposed hinges in laparoscopic 

Needle nose dissector

Needle holder

Maryland
dissector

Fig. 16.3   Ideal instruments for laparoscopic suturing. Avoid exposed hinges associated with 
double action instruments. The best instruments are usually single-hinged. Needle nose 
grasper for the receiving and supporting hand is shown here
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surgery, because the suture can become caught in the hinge during laparoscopic knot-
tying. Most double action graspers are double-hinged; hence the author recommends use 
of single action grasper (needle nose grasper). The nondominant, supporting hand of the 
surgeon should ideally hold long, atraumatic, single-hinged forceps with jaws, without 
groove marks that would entrap the suture (Fig. 16.3).

Suture Material

Suture material choice is similar as in open surgery, however the rule is to use one “0” 
thicker than would be used in open surgery. Hence, 2–0 sutures should be used for the 
various muscular and fascial closures, and 3–0 sutures reserved for fine suturing such as 
on the esophagus, stomach or colon. Suture length is of paramount importance – 14 cm 
(6 in.) is sufficient for a single intra-abdominal knotted tie, 24 cm will suffice for a run-
ning suture, and a 90 cm (35 in.) thread is ideal for extracorporeal knot-tying. Shorter 
sutures will render the technique of intra and extracorporeal knot-tying more difficult 
and a frustrating struggle will ensue. Though there is no general rule, the author’s pre-
ferred stitches would probably be a 3–0 Prolene on an SH1 needle (which is smaller than 
a regular SH) for suturing intra-abdominal organs, and a 2–0 Ethibond on an SH1 needle 
for muscular structures, such as the crura of the diaphragm.

Interrupted Stitch

The scrub technician prepares the thread by removing the memory and cutting the 
thread at the appropriate length: 14 cm for one interrupted stitch, 24 cm for a running 
stitch. The thread is grasped at least 5 mm from the needle and then the needle is intro-
duced through the 10 mm port. As a policy, every time a needle is introduced into or 
taken out of the abdominal cavity, the surgeon will inform the circulating nurse to docu-
ment it on the OR board. This prevents the future confusion of having a needle inside the 
abdominal cavity in case the needle count is incorrect.

As in open surgery, the needle is grasped one-third of the distance from the inser-
tion of the thread to the tip. The movements of the hands should be natural, with the 
needle at 90° to the shaft of the needle-holder. The left hand grasps the tissue and pres-
ents it to the needle-holder as in open surgery, and usually once the needle has passed 
the first layer, it can be grabbed with the left hand and presented to the empty needle-
holder again before entering the second, opposite layer.

A general principle of intracorporeal knot-tying is that the needle should always 
“smile” at the surgeon, and the tip of the needle should be at the Side of The Loose  
End of the thread (“STLE”). In other words, the thread should create an inverted “C” with 
the loop facing upwards (Fig. 16.4). With the loose end on the right side of the surgeon, 
the surgeon rotates the needle-holder (pronation of the wrist), advances the needle-
holder on top of the grasper, rotates the needle-holder (supination of the wrist), and 
pulls the needle-holder back, all while the grasper remains unmoving. The tip of the 
grasper is then opened; the suture is grasped and pulled through to complete the knot. 
The opposite maneuver is made when the loose end is on the left side of the surgeon 
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(Fig. 16.5 a, b). It is also important that the tips of the needle-holder and the grasper do 
not touch each other, as it will decrease the speed of suturing.

In summary, intracorporeal knotting resembles open microsurgical instrumental 
knot-tying. In the case of a surgeon who is left handed, the initial steps and the first 
square knot are achieved in the reverse position.

Running Stitch

Tying an intracorporeal knot after a running stitch follows the same principles as an 
interrupted stitch. It is important to use the correct suture length (24 cm for a running 
stitch). To retrieve the needle once the knot has been tied, the thread should be held very 
close to needle and gently pulled out through the port. If no thread remains, align the 
needle with the needle-holder and pull the needle out under direct vision of the camera.

Fig. 16.4   The bottom picture illustrates the correct principle of intra-abdominal knotting. The 
needle “smiles” at the surgeon, and the tip of the needle should be on the side of the loose end 
(“STLE”)
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Pirouette

The pirouette is a simple, elegant maneuver to position the needle on the needle-holder in 
an efficient manner. In this maneuver, the thread is grasped and used to pirouette the needle 
into place (Fig. 16.6). Once the needle is in the correct alignment, it can be simply grasped 
by the needle-holder if needed. This avoids the often clumsy, time consuming transfer of the 
needle between instruments, further dulling the needle and deforming the shape.

It is difficult to achieve high precision knot-tying using extracorporeal knot-tying. The 
author prefers to reserve extracorporeal knot-tying for suturing on the bone or muscle. 
For example, the crura of the diaphragm, the abdominal wall, and Cooper’s ligament are 
all amenable to extracorporeal knot-tying.

Various knots are possible, but the two most popular techniques are (a) the creation 
of an external half-knot that is pushed by a knot pusher (Fig. 16.7), and (b) construction 
of Roeder’s knot that is pushed inside using an atraumatic grasper (Fig. 16.8). It is advis-
able to leave long branches after cutting the ends of the knot – enough to be able to add 
an extra intra-abdominal knot to secure the other knots if necessary. This is achieved by 
using a thread of at least 90 cm (35 in.).

Fig. 16.5   (a) First throw and creation of the knot. (b) The suture is looped up to create a vir-
tual suture omega W

a

b
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Fig. 16.6   “Pirouette”; the needle is maneuvered into the proper position with a rotation of 
the thread by the needle-holder, while the needle nose grasper loosely holds the needle itself

Fig. 16.7  Use of an extracorporeal knot pusher for closure of muscular tissues (crura shown 
here)

Roeder’s Knot

Roeder’s knot is similar to the concept of an Endoloop (Fig. 16.8). Half of a knot is tied, 
one of the suture tails is rotated three times around both threads, and then the same tail 
is introduced inside the gap formed by the original half-knot and the first rotation. The 
tail is then pulled through thus creating a sliding knot.
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Endoloop

It is also possible to use preformed knots such as Endoloops. The way to secure an 
Endoloop is to make sure that the organ to be knotted in the endoloop is free at one end, 
and then to pull it inside the loop with a grasper (Fig. 16.9).

One trick to avoid tearing the tissue is to place the grasper within the abdominal cav-
ity to create a pulley effect, placing tension on the suture and not on the tissue. Next, bring 
the needle out, tie a knot and use the knot pusher to push the knot into the abdomen.

Lost Needle

If the needle is lost, do not move or insert any instruments. First, one should look inside 
the trocar as the needle may be caught within the shaft of the trocar. Then the scope is 
moved from the main trocar and placed into the working trocar to look for the needle. 
Next, one should examine the abdominal cavity without manipulating any tissue. The 
needle may be floating on the fat (Fig. 16.10 1, 2, 3). Once the tissue has been moved, the 
needle can slide into the tissue and sometimes may even be impossible to find, even 
requiring conversion to an open operation.

Short Suture

If the thread is very short and a critical suture has been placed and cannot be redone, the 
needle can be used to increase the length of the thread. Again, the needle should be in the 
smiling position, keeping the loose end on the side of the needle (STLE: The tip of the 
needle has to be on the side of the loose end), and otherwise using the same movements 
as in intracorporeal knot-tying to complete the knot.

Fig. 16.8   Roeder’s knot for extracorporeal knot-tying, using a 35-in. (90 cm) thread

Trouble­
shooting
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Fig. 16.9   Knot-tying using an Endoloop suture

1

2

3

Fig. 16.10   Different usual location of lost needles: 1 needle located in the base of the trocar; 
2 needle in trocar sleeve; 3 needle just located “floating” on fat, near the intra-abdominal tip of 
the trocar
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