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Preface

I am thankful to have had the opportunity to work with Springer to create a
unique textbook focusing on “Robotic and Laparoscopic Reconstructive
Surgery in Children and Adults.” The publication of this reference is
timely and it is truly “one of a kind.” It is not often that there is a union
between adult and pediatric urologic surgical techniques. The breadth of
this wonderful convergence is most clearly and consistently demonstrated
when minimally invasive reconstructive techniques are utilized. I noted
this observation from afar in my residency training, coveting a mastery of
it in order to create a career and contribute toward the advancement of our
very special field. In this regard, I pursued fellowship training in both min-
imally invasive urology (endourology–laparoscopy) and pediatric urology.
I am grateful for having had the opportunity to learn from “the best in the
business”; my time with Louis Kavoussi, MD, in New York and Steven
Docimo in Pittsburgh was precious. Their teachings and mentorship are
very much the embodiment of this book.

I am most appreciative of my colleagues and friends who have con-
tributed to the authorship of this text. Michael Griffin, my developmental
editor, certainly deserves special thanks. I am confident that pediatric
urologists, adult urologists, fellows, and urology residents will find this
textbook to be a comprehensive, yet concise, reference for all robotic and
laparoscopic procedures that may be performed within our vast discipline.

Pittsburgh, PA
March 2010

Michael C. Ost
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Part I
Principles of Reconstructive

Laparoscopy and Robotics in
Urology





Chapter 1

Laparoscopic and Robotic Instrumentation
for Urologic Reconstructive Surgery in Adults

James F. Borin

Instruments employed in minimally invasive
surgery often vary across different countries,
regions, and institutions, often due to a mat-
ter of preference and training. Most procedures
can be carried out quite effectively with a very
basic set of tools: scissors, grasper, needle driver.
However, more specific instruments will facilitate
standard procedures and make challenging pro-
cedures feasible. The principles of open surgery
are still paramount in the minimally invasive
realm: adequate exposure, gentle dissection, min-
imal tissue manipulation, and watertight anasto-
moses. This chapter will highlight some, but not
all, of the instruments commonly employed in
laparoscopic and robotic-assisted reconstructive
urologic surgery.

Laparoscopy vs. Robotics

Robot-assisted surgery is performed in a laparo-
scopic environment and therefore many of
the standard laparoscopic instruments will be
employed. Robotic surgery is at once both more
versatile and yet more limiting than standard
laparoscopy. The versatility comes in the form
of the 30 EndoWrist R© instruments available for
the da Vinci surgical platform (Intuitive Surgical

J.F. Borin (�)
Division of Urology, University of Maryland, Baltimore,
MD, USA
e-mail: jborin@smail.umaryland.edu

Inc., Sunnyvale, CA) [1]. While these instru-
ments mirror their open or laparoscopic predeces-
sors, the increased degrees of freedom inherent
in the “wrist” provide for more functionality.
However, of these 30 instruments, perhaps only
15 are commonly used, and most procedures will
employ only 5 or 6. The limitation of robotic
surgery, therefore, is the dearth of instruments
available to the console surgeon. On the other
hand, while the operating surgeon has command
over a few basic instruments, essentially scis-
sors, grasper, and needle drivers, the assistant can
draw from the entire armamentarium of laparo-
scopic tools in order to provide retraction, dissec-
tion, or hemostasis. Thus, the skill and facility
of the assistant will often dictate the complex-
ity of reconstructive procedures which may be
attempted.

This reliance on the assistant is one facet of
robotic surgery which may make some skilled
laparoscopic surgeons more reluctant to attempt
complicated procedures. A case in point is par-
tial nephrectomy. Using a pure laparoscopic
approach, the surgeon is able to position the
renal hilum occlusion device, whether Satinsky
clamp or bulldogs, and may even provide his
own suction during tumor excision and renorrha-
phy. With a robotic approach, those tasks must
be performed by an assistant. In order to partially
compensate for this, some have advocated using
an atraumatic grasper in the fourth arm to provide
compression of the hilum, thereby removing this
task from the assistant and obviating the need for
bulldog clamps, which can be difficult to remove,

3M.C. Ost (ed.), Robotic and Laparoscopic Reconstructive Surgery in Children and Adults,
Current Clinical Urology, DOI 10.1007/978-1-60327-914-7_1, © Springer Science+Business Media, LLC 2011
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or a Satinsky clamp, which could be inadvertently
dislodged [2, 3]. There are also new instruments
in development which will provide the console
surgeon with the ability to suction/irrigate and
even staple (personal communication; Intuitive
Surgical, Inc., Sunnyvale, CA). Until such time,
however, robotic surgery will continue to be a
hybrid of a limited number of advanced wristed
instruments and standard laparoscopic instru-
ments controlled by an assistant. Although there
is considerable overlap between standard laparo-
scopic and robotic instruments, this chapter will
deal with them separately.

Standard Laparoscopic
Instrumentation

Graspers and Dissectors

The main distinction between the various types
of graspers and dissectors is the type of jaws they
contain, whether traumatic or atraumatic. The lat-
ter are more versatile and can be used to handle
any type of tissue, while the former are more

specialized in their indications. Most instruments
are 5 mm in width but can range from 3 to 12 mm;
length ranges from 34 to 37 mm. The instru-
ment jaws can be either curved or straight, single
action (i.e., only one jaw moves, while the other
remains stationary) or double action (both jaws
move equally). The tip of the instrument can be
blunt, tapered (dolphin), flat/rounded (duck-bill),
curved (Maryland), or angled (Mixter) (Fig. 1.1).

Handles used for dissection generally have a
mechanism that opens and closes freely, similar
to a pair of scissors. Jaws may be smooth or ser-
rated for atraumatic instruments, while traumatic
instruments will contain a number of dull or sharp
teeth in order to firmly grasp tissue. These may
be used in conjunction with a ratcheted, locking
handle.

Incision and Hemostasis

Instruments used to incise tissue are often cou-
pled with an energy source, monopolar, bipolar,
or harmonic. Cold scissors are an effective way
to cut through thin areolar tissue in avascular

a b

c

Fig. 1.1 Laparoscopic graspers. There is a diversity
of jaw sizes and configurations. (a) (top to bottom)
Fenestrated bowel grasper, 10 mm right angle (Mixter),
5 mm right angle, Maryland. (b) Disposable rubber and
mesh inserts for Direct Drive atraumatic grasper (Applied

Medical, Rancho Santa Margarita, CA). There is also an
entire disposable instrument with similar grip. This is par-
ticularly useful for reconstruction involving the ureter as
the soft jaws will not damage or devascularize this delicate
structure (c)
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planes; monopolar energy can be added in order
to cauterize small vessels. There are a vari-
ety of scissor tips available: straight, hooked,
curved, and microscissors, for example. The lat-
ter are similar to Potts scissors and may be
helpful for ureteral spatulation during pyeloplasty
or ureteroneocystostomy. While the majority of
standard laparoscopic instruments are reusable
and quite resistant to wear, scissors in particu-
lar can become dull over time. This is of par-
ticular importance during partial nephrectomy.
Disposable scissors are one option, although they
may be less robust and more difficult to maneuver
than their reusable counterparts. Another option
is a reusable shaft with disposable tip, which
ensures a strong instrument and sharp blades with
every use.

The monopolar hook electrode is useful for
dissection, particularly around tubular structures,
such as the renal hilum and ureter. Small vessels
may be cauterized by placing them on stretch and
applying short bursts of cautery. However, the
hook cannot efficiently coagulate vessels larger
than a few millimeters. Furthermore, monopolar
energy is potentially more dangerous than bipolar
or harmonic due to the pattern of current spread
across the tissue as well as the possibility of cur-
rent arcing through an insulation gap, which can
result in unrecognized bowel injury [4].

In bipolar coagulation, energy flows from one
jaw of the instrument to the other, which signifi-
cantly reduces the flow of current into tissues and
theoretically reduces thermal spread and capaci-
tive coupling. Simple bipolar instruments use an
electrosurgical unit (i.e., standard “Bovie”); the
surgeon activates the bipolar energy with a foot
pedal and uses visual cues, such as charring or
cessation of bleeding, to determine when to dis-
continue the current. There are several so-called
“smart” bipolar instruments which generally pro-
vide permanent sealing of vessels up to 7 mm in
diameter, as well as lymphatics and tissue bun-
dles. Their technology differs slightly, but overall
performance in clinical testing has been simi-
lar among the various models [5]. One of the
more popular models is the LigaSureTM vessel
sealing system (Valleylab, Boulder, Colorado),
which produces at least four times the current

of a standard electrosurgery generator with one-
fifth to one-twentieth the amount of voltage [6].
As opposed to a standard electrosurgical unit,
the LigaSureTM uses TissueFectTM sensing tech-
nology to actively monitor changes in tissue
impedance and provide a real-time adjustment
of the energy output [7]. The LigaSureTM also
has a cutting blade that is activated once the tis-
sue has been coagulated or sealed. This allows
for efficient, hemostatic dissection with a single
instrument. It is available in a 5 or 10 mm diame-
ter; the latter has larger jaws and can handle more
tissue (Fig. 1.2).

Ultrasonic energy significantly limits ther-
mal damage to adjacent tissue to ≤ 1 mm
from the activation site [8]. The Harmonic
ACE R© (Ethicon Endo-Surgery, Cincinnati, OH)
is an ultrasonic cutting and coagulating surgi-
cal device, also referred to as harmonic shears
or harmonic scalpel. In this instrument, electrical
energy is transformed into mechanical vibration
within a handpiece that contains piezoelectric
crystals. While the risk of local thermal dam-
age and tissue charring is significantly reduced,
the active blade does get quite hot due to ultra-
sonic vibrations and care must be taken to avoid
inadvertently touching it to adjacent structures.

The above instruments are used for dissection
as well as coagulating small vessels. However,
for pure hemostasis, the argon beam coagulator
(ABC) (Conmed, Utica, NY) is an exceedingly
valuable tool. This is a non-contact monopolar
energy device which delivers electric current gen-
erated by an electrosurgical unit via a stream of
inert argon gas. The pressure of the gas helps
to clear away a small amount of blood and
debris, which facilitates coagulation of the bleed-
ing point. The ABC has a depth of penetration of
about 0.5 mm, causing extensive charring of the
surface with minimal thermal damage (Fig. 1.2).
It is especially useful in obtaining hemostasis in
the partial nephrectomy bed after either clamped
or unclamped tumor excision. The ABC can
also be used to seal small avulsed vessels. Is it
important to remember that ABC activation will
release a stream of argon gas into the peritoneal
cavity thereby increasing the pneumoperitoneal
pressure. While the gas is rapidly absorbed and
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cleared from the body, prolonged activation must
be coupled with either active suction or passive
ventilation (i.e., opening one of the trocar side
ports) in order to avoid prolonged elevation of
pneumoperitoneum >20 mm Hg which can com-
promise venous return and/or cause air embolism.

Suturing

Needle drivers, like graspers, are available in
several different configurations. The choice of
instrument used is often due to personal prefer-
ence; each type and style has its advantages and
disadvantages. The jaws of the needle driver can
be either serrated or smooth to allow for more or

less play in the needle once locked in place. In
addition, the tip can be straight or curved, solid or
fenestrated (Fig. 1.3). The latter may be helpful
in assuring the proper orientation of the needle.
A heavy needle holder (i.e., Ethicon) may allow
for easier passage of a needle through tissue, but
prolonged suturing with heavy instruments may
cause more shoulder strain. Conversely, lighter
drivers (i.e., Storz, Snowden-Pencer) may be
more comfortable to use over time at the potential
expense of precision.

The locking mechanism is perhaps the most
important quality of a needle driver and is most
subject to personal preference. Mechanisms
are generally either ratcheted or Castro-Viejo
type (Fig. 1.3). The former allows for graduated
pressure to be applied on the needle while still
keeping it in place. With only a few clicks on

a b

c

e

d

f

Fig. 1.3 Suturing instruments: laparoscopic needle driver
jaws may be curved or straight, solid or fenestrated (a).
Most manufacturers favor a ratchet mechanism for the
handle (b), but Castro-Viejo style is another option (c).
(d) Endo Stitch device with 9-mm straight needle. (e)

The Lapra-Ty is a locking, absorbable clip delivered via
a sturdy 10-mm laparoscopic applier. It is important to
secure the suture within the deepest portion of the hinge
in order to ensure maximum hold strength (f)
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the ratchet mechanism, the angle of the needle
may be easily adjusted before locking it firmly
in place. Care must be taken when activating the
release mechanism to avoid temporarily losing
control of the needle. The Castro-Viejo-type
mechanism is either locked or unlocked. The
action is often a bit smoother than the ratchet
type; however, once locked in place, it is more
difficult to make fine adjustments to needle
position.

Because laparoscopic suturing is a difficult
skill to master, several adjuncts have been
devised. The Endo Stitch device (Covidien/
Autosuture, Mansfield, MA) is a 10-mm instru-
ment that shuttles a 9-mm straight needle
between two jaws, with tissue grasped in between
(Fig. 1.3). It is particularly useful for pyeloplasty
but not for renorrhaphy [9].

Perhaps one of the most versatile products in
this category is the Lapra-Ty clip (Ethicon Endo-
Surgery, Cincinnati, OH). It is placed on the end
of piece of suture which is then used to secure
two pieces of tissue. A laparoscopic applicator
then delivers a second clip, thereby obviating the
need for knot tying in many complex urologic
laparoscopic procedures such as pyeloplasty, par-
tial nephrectomy, and urethrovesical anastomosis
(Fig. 1.3). The Lapra-Ty clip is composed of
poly(p-dioxanone) (PDS) which breaks down via
hydrolysis and, according to the manufacturer,
can maintain a hold strength on a 3-0- or a
4-0-coated Vicryl suture for 10 days following
placement; absorbance will be complete by 7
months. It has also been used successfully both
experimentally and clinically on other types of
suture (esp. Monocryl) [10].

Stapling/Clipping

These devices are a ubiquitous part of laparo-
scopic urologic surgery. The clips and staples are
made of titanium which is MRI compatible and
highly resistant to encrustation within the uri-
nary tract [11]. The clip appliers hold a sheath
of clips which can be fired repeatedly for vessel
or ureter ligation. Applicators are either 5 or
10 mm in size, generally corresponding to the

relative size of clips delivered. However, a newer
version of the 5-mm instrument (LigamaxTM 5;
Ethicon Endo-Surgery, Cincinnati, OH) will fire
clips equivalent to a 10-mm device; this lower
profile may facilitate control of vessels when
there is little working room or visibility. Staplers
deliver two triple-staggered rows of staples and
simultaneously cut in between the rows. The
type of material being divided will dictate the
size of staples used. Generally, a 2.5-mm car-
tridge is used for vasculature and ≥3.5 mm for
bowel or thick tissue. Non-absorbable polymer-
ligating clips with a locking mechanism at the tip
may provide more secure ligation of large vessels
(Hem-o-lock clips; Teleflex Medical, Research
Triangle Park, NC).

Suction/Irrigation

This device is available as an entirely disposable
unit or a disposable unit which can be coupled
with reusable cannulas of 5 or 10 mm diame-
ter. The most common is a 5-mm cannula with
a length of 32–36 cm (Fig. 1.2). A longer 45-
cm instrument is useful for obese patients and is
invaluable in robot-assisted procedures in order
to allow the assistant more room to maneuver
around the robotic arms. A battery-powered irri-
gation unit provides pressurized flow; suction is
from a standard wall unit.

Retraction

Retraction can be provided by a variety of instru-
ments depending on the structures surrounding
the area to be exposed. An endo-peanut (Küttner)
dissector is versatile and atraumatic; it can be
used for bowel, liver, spleen, or even the vena
cava or renal hilum. However, the surface area
is small, only 5–10 mm, so for prolonged retrac-
tion of larger structures, a triangle, esophageal,
PEER (Jarit/Integra Surgical, Plainsboro, NJ), or
fan retractor may be more efficacious to pre-
vent slippage (Fig. 1.4). If an additional assistant
is not available to provide stationary retraction,
an Endoholder R© (Codman, Raynham, MA) is a



1 Laparoscopic and Robotic Instrumentation for Urologic Reconstructive Surgery 9

a b

c d

Fig. 1.4 Retractors: (a) several retractors contain a
hinged mechanism which allows them to be deliv-
ered through a 5-mm port and then transformed into a
round or a triangular configuration, particularly useful for
retraction of spleen, liver, or pancreas (top: esophageal
retractor, bottom: triangle or “snake” retractor). (b) The
PEER retractor is available in 5 and 10 mm sizes and
expands once delivered into the abdomen. It is helpful in

retracting the kidney to expose the hilum for more effi-
cient dissection of the renal vessels. (c) The Endoholder
has a snake-like mechanism which allows it a great deal
of flexibility. It is mounted to the side of the table and can
be attached to any 5- or 10-mm instrument and then firmly
locked in place to deliver consistent stable retraction (d).
This obviates the need for a second assistant

useful device which can be attached to virtually
any 5- or 10-mm instrument, holding it tightly in
place (Fig. 1.4).

Vascular Clamps

Renal hilum occlusion during laparoscopic
partial nephrectomy may be achieved via either

a Satinsky or a bulldog clamp (Fig. 1.5).
The Satinsky may occlude the hilum en bloc
or just the artery alone. Bulldogs are gener-
ally placed across each individual vessel. The
Satinsky is easier to place and requires less hilar
dissection, although a separate, dedicated 12-
mm port is necessary. Bulldogs (Klein Surgical,
Bulverde, TX or Aesculap, Center Valley, PA)
are placed with a laparoscopic applicator which
is then removed from the field; they are later
removed using the same applicator (Klein) or
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Fig. 1.5 Vascular clamps: (a) the Satinsky is a 10-mm
instrument which can be used to occlude renal artery
alone or artery and vein together; in the latter case, min-
imal hilar dissection is required. (b, c) Klein bulldogs

require a single instrument for application or removal. (d,
e) Aesculap bulldogs have a spring-like configuration
and the jaws are thinner; application and removal are
performed with separate devices

a special removal device (Aesculap) (Fig. 1.5).
Occasionally, more than one bulldog must be
placed on the renal artery to provide adequate
occlusion.

Port-Site Closure

Lateral blunt-tipped trocar sites ≤10 mm may not
require fascial closure [12]. However, for midline
port sites > 5 mm, fascial closure is appropriate
to decrease the incidence of hernias. Free-hand
suturing is an option; however, closure with a
Carter–Thomason device (Inlet Medical, Eden
Prairie, MN) using Vicryl suture is fast and offers
the most secure closure with few complications
[13].

Robotic Instruments

The da Vinci Surgical System online catalog
lists 39 instruments for use with 8-mm trocars
[1]. The majority of these instruments have a
limited life span of 10 uses; a computer chip
housed in the instrument counts down each life.
The da Vinci instruments are “wristed,” that is,
they contain a joint at the tip of the instrument
which can articulate 90◦. This provides greater
maneuverability and dexterity than do straight
instruments. A standard laparoscopic grasper or
scissors has four degrees of freedom (dof): (1)
in/out, (2) pitch (up/down), (3) yaw (left/right),
(4) rotation (clockwise/counterclockwise).
The da Vinci instrument, equipped with an
EndoWrist R©, has six dof: (1) in/out, (2) external
yaw (left/right), (3) external pitch (up/down),
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(4) rotation (clockwise/counterclockwise), (5)
internal pitch (wristed portion up/down), (6)
internal yaw (wristed portion left/right) [14].
Grip (open/close jaws) may also be considered
an additional degree of freedom; thus da Vinci
instruments are advertised to contain a total
of seven dof. When a surgeon performs open
suturing, his wrist is far removed from the
needle; it is separated by the length of the needle
driver, some 6 in. or so. When suturing with a
da Vinci instrument, the “wrist” is only a few
centimeters away from the needle. This design is
thought to provide greater precision overall, and
particularly for delicate maneuvers in confined
spaces.

Of the available 8-mm instruments, only
about half are commonly used by urolo-
gists (Table 1.1). For any given reconstruc-
tive case, generally five to six instruments
will be employed: cautery/energy, bipolar for-
ceps, large grasper, needle drivers (2), addi-
tional scissors (optional). The approximate robot-
associated cost for a five-instrument procedure,
including per use instrument cost, drapes, and
disposables, is $1,425 (personal communica-
tion, Intuitive Surgical, Inc.). For some renal
reconstructive procedures (pyeloplasty, ureter-
oureterostomy, pyelolithotomy), it may only
be necessary to use two instrument arms of
the robot instead of three. For maximum cost
reduction, a total of three instruments can be
employed for selected procedures: scissors (espe-
cially Hot ShearsTM), bipolar forceps, needle
driver. Suturing can be performed effectively with
a single needle driver in the dominant hand com-
bined with bipolar forceps.

A combination of cost prohibition (approxi-
mately $200–320 each time a new instrument is
used [15]) and inefficiency with exchanges may
restrict the diversity of instruments employed
during a single case. The current number and
variety of da Vinci instruments is limited in
comparison to the dozens available for stan-
dard laparoscopy by a variety of manufactur-
ers. However, the versatility of the EndoWrist R©
design allows for instrument multifunctionality
which obviates many of these concerns. For
example, there is currently no robotic right-angle
(Mixter) clamp. However, 90◦ angulation of a
Maryland or PK R© Dissecting Forceps produces
a similar result and is quite useful to dissect out
the renal vessels.

Monopolar Cautery

Monopolar instruments include the hook, spat-
ula, and Hot ShearsTM. The hook and spatula
represent the earliest iteration of instrumentation,
combination of familiar tools from standard
laparoscopy (L-hook) and open surgery (hand-
held bovie), respectively. The hook is quite
useful for blunt and fine dissection as well
as targeted cautery. The spatula is excellent
for blunt dissection with less risk of acciden-
tal perforation of underlying vessels due to
its blunt tip. The Hot ShearsTM is a curved
scissors which mimics its laparoscopic coun-
terpart (Fig. 1.6). This instrument has the most
versatility as it can be used for fine, blunt,
and sharp dissections. Many surgeons who
previously used the hook or the spatula now

Table 1.1 Eight-millimeter
da Vinci instruments
commonly used in urologic
surgery

Energy-based
Monopolar Hot ShearsTM (Curved), hook, spatula
Bipolar forceps Maryland, PK R© Dissecting, PreCiseTM, fenestrated
Ultrasonic Harmonic R© Curved Shears

Needle drivers Large, Large SutureCutTM, Mega, Mega SutureCutTM

Forceps ProGraspTM, Cadiere, Tenaculum, DeBakey
Graspers Cobra, Thoracic, GraptorTM

Cold scissors Curved, round tip, Potts
Clip appliers Small (titanium clip), large Hem-o-Lok R©



12 J.F. Borin

a

b c

ed

Fig. 1.6 Robotic instruments: (a) Hot ShearsTM—note
the thick metal cables which provide articulation at the
“wristed” joint. (b) Bipolar forceps: Maryland (top),
PK (bottom). (c) Hot ShearsTM (top) and cold scissors
(bottom) are very similar in size and shape. (d) The

ProGraspTM has large oval, fenestrated jaws with small
teeth for a firm grip. (e) The most popular size of nee-
dle driver is large (top). The mega (bottom) is shown in
comparison

exclusively employ Hot ShearsTM. There is
also potentially a cost savings of $80/case in
this strategy. While Hot ShearsTM are more
expensive on a per use basis compared to the
other two instruments ($320 vs. $200), they do
obviate the requirement of an additional scissors
($200/use), which would almost certainly need

to be employed in conjunction with hook or
spatula during a reconstructive procedure.
However, although rated for 10 uses, the Hot
ShearsTM can become dull prematurely which
may necessitate employing an additional scissor
for sharp dissection; this shortcoming may
nullify their cost advantage.
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Bipolar Cautery

The Maryland and PreCiseTM bipolar forceps
perform well as dissectors, graspers, and retrac-
tors. Their jaws are curved and triangle shaped,
respectively, and surgeon’s preference will dic-
tate which one is used, although the Maryland
is generally a more familiar design due to its
laparoscopic predecessor (Fig. 1.6). The narrow
tips of each allow for targeted delivery of bipo-
lar energy, although thick tissue (especially fat)
may be grasped within the entire jaw for quick
and thorough coagulation. There is no sensor
mechanism associated with either of these; sim-
ilar to monopolar cautery, the surgeon uses visual
cues to determine when sufficient coagulation has
occurred. They have medium grip strength and
thus may be used to grasp and retract tissue as
well as to suture, although they function better
in “catching” rather than “throwing” a needle
because of the potential for slippage. In compari-
son, the da Vinci large needle driver has very high
grip strength.

A newer bipolar option is the PK R© Dissecting
Forceps, which is a so-called “smart” instrument.
It will sound an unpleasant warning when too
much tissue has been grasped or when the jaws
are touching; the generator will not deliver any
energy until the proper adjustment is made. A
satisfying tone will sound to signify that coagula-
tion or vessel sealing has been achieved. The jaws
are similar to a laparoscopic Maryland and longer
and narrower than the da Vinci Maryland, which
is more like a curved triangle (Fig. 1.6). The
tips are rounded which makes them very useful
for blunt dissection. The cost of these instru-
ments is similar ($270 vs. $290/use); however,
the PK requires a proprietary “smart” generator,
whereas the others can use a standard electrosur-
gical unit. Furthermore, the PK has a weak (low)
grip strength which may allow for more effi-
cient coagulation—less risk of grasping the tissue
too tightly causing the jaws to touch—however,
this difference can be noticeable during grasp-
ing as tissue is more prone to slippage. Similar
to the other bipolar instruments, the PK may be
used to assist in suturing as the low-profile weak

jaws are less damaging to tissue than is a standard
needle driver.

Ultrasonic Energy

The da Vinci is capable of supporting a
Harmonic R© Curved Shears. This is a two-piece
instrument; a shaft with a harmonic insert. The
shaft has 20 lives while each insert is disposable.
The total cost is about $430 per use [15]. In order
to ensure efficient energy transfer, the “active”
vibrating blade of the ultrasonic shears must be
continuous from the piezoelectric crystal to the
tip of the instrument. Therefore, it does not have
any wristed articulation, so the maneuverability
is limited, similar to its standard laparoscopic
counterpart.

Scissors

While the cautery shears have more versatility
than cold scissors, they are more prone to early
dullness; therefore it is essential to have more
than one type of scissors available. The three
types offered are round tip, curved, and Potts.
The round tip are perhaps the least useful because
they have a straight blade with a blunted tip,
possibly valuable for cutting through thick scar
tissue as they have a strong closing force. The
curved scissors are very similar in design to the
hot scissors; both have narrow tips good for dis-
secting and a jaw length of 1.3 cm (Fig. 1.6).
The former were an earlier iteration and were
designed with a medium closing force and strong
opening force; the hot scissors have a strong clos-
ing force and a medium opening force. Finally,
Potts scissors recreate the standard open instru-
ment; they have very narrow jaws designed for
fine work. Some have employed them during
nerve dissection in radical prostatectomy but they
may be most useful for ureteral spatulation in a
pyeloplasty or ureteroneocystostomy.
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Graspers

Intuitive Surgical offers 13 graspers or forceps,
but some are specialized for cardiac or thoracic
procedures and would not have much use in uro-
logical surgery. By far the most popular and
versatile is the ProGraspTM. The jaws are oval
shaped, 2.8 cm in length, with a large fenestration
and fine, atraumatic teeth (Fig. 1.6). They have
high grip strength, so there is little risk of tissue
slippage. The most common use of this device
is via the fourth arm as an adjunct to retraction.
Cadiere forceps, a precursor to the ProGraspTM,
also contain an ovoid fenestrated jaw; the length
is shorter at 2.0 cm and the atraumatic teeth
are significantly more prominent, although grip
strength is weak. The Cobra grasper has a solid
rectangular jaw, 2.0 cm in length, with promi-
nent serrations and four interlocking teeth at the
tip. Although it also has weak grip strength, the
teeth may make it impractical for grasping some
tissues (i.e., bowel).

Needle Drivers

The most popular suturing instrument is the large
needle driver (Fig. 1.6); with a jaw length of
1.0 cm and very high closing strength, it is
ideal for the majority of urologic suturing, most
of which involve SH, RB-1, or CT-1 needles
and suture ranging from 0 to 5-0. The large
SutureCutTM driver is another option. This is a
modification of the large needle driver wherein
a sharpened edge at the base of each jaw func-
tions as a scissors which can be used to cut
sutures. This obviates the need for an assistant
to cut sutures and improves on the practice of
using two needle drivers to tear the needle off

the end of the suture. One caveat is that inexpe-
rience with this device can result in inadvertent
suture transection; therefore practice is impor-
tant prior to using it in a live case. The other
two needle drivers available, Mega and Black
Diamond Micro, are either too large or too small,
respectively, to be utility instruments in urologic
reconstructive surgery. The latter may be useful
for very fine sutures with small needles in specific
situations, but needle slippage can be problematic
even with RB-1 needles.

Clip Appliers

There are two clip appliers, both of which have
wristed articulation and are engineered to be dis-
carded after 100 clips are applied. The small clip
applier delivers an individual small titanium clip,
while the large one applies a large Hem-o-Lok R©
clip, a non-absorbable polymer-ligating clip with
a locking mechanism. In both cases, the instru-
ment must be removed, reloaded manually, and
then replaced if a second clip is to be deployed.
With a skilled assistant, this process can be fairly
rapid; on the other hand, a skilled assistant is gen-
erally able to deliver titanium or Hem-o-Lok R©
clips with tremendous accuracy and economy
using a standard laparoscopic applier. The da
Vinci clip appliers may be advantageous for use
when a skilled assistant is unavailable; however,
the process of reloading may be slower.

Five-Millimeter Instruments

There are 10 5-mm instruments available which
duplicate their 8-mm counterparts (Table 1.2).

Table 1.2 Five-millimeter da
Vinci instruments

Energy-based
Monopolar Hook, spatula
Ultrasonic Harmonic R© Curved Shears

Needle drivers 5-mm needle driver
Forceps Maryland, DeBakey
Graspers Schertel, bowel
Cold scissors Curved, round tip
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These were initially designed for pediatric use
but may also be valuable for reconstruction in
adults. While they do articulate, there is not a
single wrist joint but rather a series of three
joints providing a snake-like curvature. Energy-
based instruments include a hook and a spatula
as well as a (non-articulating) harmonic scalpel.
There are no bipolar instruments, so a Maryland
grasper is most commonly employed. Each 5-mm
instrument is rated for 20 uses with an approxi-
mate cost of $230/use. In order to use the 5-mm
instruments, 5-mm da Vinci cannulas must be
employed, for an upfront cost of about $2,400 for
two trocars and an obturator [15].
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Chapter 2

Instrumentation During Pediatric Robotic
Anastomoses and Reconstruction

Shahin Chandrasoma and Chester J. Koh

Introduction

For the past four decades, patients have increas-
ingly chosen the minimally invasive option for
their urologic surgical needs to avoid the mor-
bidity of large incisions, and this generally has
led to shorter hospital stays, less pain medica-
tion requirements, and earlier return to normal
activity levels in adult patients. This is especially
true for adult patients who have undergone abla-
tive urologic procedures such as nephrectomy
or adrenalectomy by conventional laparoscopic
techniques. The advantages of minimally inva-
sive surgery also apply to pediatric patients and
especially for those who have undergone ablative
pediatric urology procedures with similar benefits
seen in these patients. Of note, the first reported
use of laparoscopy in pediatric urology was for
patients with nonpalpable undescended testes in
the 1960s [1], and diagnostic laparoscopy in this
setting has gained widespread acceptance among
pediatric urologists. Over the last two decades,
laparoscopic surgical techniques have improved
significantly in the adult and pediatric patient
populations since the first reported laparoscopic
pyeloplasty in the adult population in 1993 [2]
and the first pediatric laparoscopic pyeloplasty

C.J. Koh (�)
Division of Pediatric Urology, Keck School of Medicine,
Children’s Hospital Los Angeles, Institute of Urology,
University of Southern California (USC), Los Angeles,
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in 1995 [3], both by the use of conventional
laparoscopy. In children, this has led to a reli-
ably safe and effective approach to the kidney for
reconstructive urological procedures that require
extensive suturing with similar success rates and
potential benefits with regard to cosmesis, intra-
operative blood loss, postoperative stay, and the
length of the overall hospital stay.

However, for pediatric urology cases, the lim-
itations of conventional laparoscopic equipment
and the steep learning curve associated with its
use in pediatric reconstructive procedures have
led to only a modest adoption among pediatric
urologists for these types of procedures. The da
Vinci Surgical System from Intuitive Surgical
(Sunnyvale, CA) has introduced the benefits of
an intuitive interface, three-dimensional visual-
ization, and greater degrees of instrument artic-
ulation and control that allow for robotic-assisted
laparoscopic procedures. The increased precision
of and facility with instrumentation offered by
robotic assistance is readily seen in pediatric pro-
cedures, specifically those that are reconstructive
in nature, and thus require extensive dissection
and suturing. This has helped to increase the
utilization of minimally invasive techniques for
pediatric reconstructive procedures.

The most commonly performed robotic pro-
cedures in the pediatric population to date are
pyeloplasty and extravesical ureteral reimplan-
tation [4]. As technology has advanced, with
finer degrees of control and ever-improving visu-
alization through smaller and smaller cameras,
the use of robotic-assisted laparoscopic surgery
in pediatric urology should continue to rapidly

17M.C. Ost (ed.), Robotic and Laparoscopic Reconstructive Surgery in Children and Adults,
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increase, as more surgical techniques are adapted
to the robotic-assisted laparoscopic option. The
close approximation of these techniques to their
open counterparts facilitates the transition to the
minimally invasive option. In this chapter, we will
describe the robotic instrumentation available for
use with the Da Vinci surgical robot and discuss
its advantages in various procedures in the field
of pediatric urology.

The Da Vinci Surgical System

The Da Vinci Surgical System from Intuitive
Surgical (Sunnyvale, CA) consists of a surgeon
console, a patient-side cart with the interactive
robotic arms (the “robot”), a vision cart (the
“video tower”), and the proprietary EndoWrist
robotic instruments. Since its approval for clini-
cal use by the US Food and Drug Administration
in 2000, the Da Vinci surgical robot has greatly
expanded the field of minimally invasive surgery
in the field of urology, and most notably in the
surgical management of prostate cancer. For men
diagnosed with localized prostate cancer, robotic-
assisted laparoscopic prostatectomy has become
a widely performed procedure in the USA as
both patients and surgeons have rapidly adopted
this minimally invasive surgical alternative to
open surgery. In addition, the Da Vinci surgical
robot has gained acceptance for pediatric urology
procedures as the technological advances appear
to be particularly useful for the reconstructive
nature of most pediatric urologic procedures.

The patient-side cart with the robotic arms
consists of up to four working arms, although
the fourth arm is seldom used in the pedi-
atric population because of the smaller working
spaces in pediatric patients. In addition, avoid-
ing the fourth arm can reduce the initial capital
investment required for the system. The three
main robotic arms consist of the camera arm
and two instrument arms, where each arm is
attached to their respective laparoscopic ports.
The middle camera arm is specifically designed
to hold the system’s camera telescope, while the

two side arms control the robotic instruments,
which are inserted and removed by the bedside
assistant.

The camera arm consists of two cameras in a
single metallic sheath and is designed to mimic
the binocular function of a surgeon’s eyes. The
signal from each of the two cameras is deliv-
ered to the surgeon console, which processes the
two images to provide the surgeon with a single
three-dimensional image. This provides the sur-
geon with superior surgical visualization during
the procedure due to the 10-fold magnification
and the sense of depth perception that is not seen
with conventional laparoscopy.

The surgeon console is a distinct unit at which
the surgeon is comfortably seated while han-
dling the robotic controls. The degree of control
includes arm position, focus, zoom, camera posi-
tion, and instrument movement, with a relatively
short learning curve before one becomes com-
fortable with the controls. The motion control is
enhanced by the console system, which can trans-
late the surgeon’s precise movements and imbu-
ing fluidity of action to the surgical field, while
dampening any potential hand or arm tremors.
This novel control system has the potential for
future ergonomic benefits for surgeons, which
most likely will be shown as robotic experience
among surgeons grows.

The robotic instruments have proprietary
“EndoWrist” articulation that allows for more
precise control and improved manipulation of tis-
sue than is offered with standard laparoscopic
instruments. It mimics the seven degrees of free-
dom present in human wrist articulation and
therefore gives the console surgeon the ability
to perform precise finite movements with the
robotic instruments. This close approximation to
a surgeon’s movements during open surgery has
the potential for shorter learning curves with
this minimally invasive modality as opposed to
previous minimally invasive options.

In summary, the Da Vinci Surgical System’s
combination of robotic technological advances,
magnified visualization, and precise operator
control has led to a transformation of standard
open surgical techniques in children for pediatric
urology procedures to their minimally invasive
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counterparts, where these procedures can now
be performed via small laparoscopic incisions
instead of a large open incision.

Instruments

A wide range of instruments are available for the
Da Vinci robotic surgical system which approx-
imate those used in both open surgery and tra-
ditional laparoscopy. Common instruments in
open surgery and laparoscopy, such as needle
drivers and Maryland dissectors, have robotic
counterparts that were created for use with the
Da Vinci system. The most obvious advantage
of these newly adapted instruments over their
laparoscopic predecessors is the presence of the
articulating EndoWrist technology as previously
described, which increases the flexibility of the
instrument tips and thus augments the instru-
ment’s utility by making it possible to approach
and grasp tissue from many different directions,
as opposed to the plane directly accessibly by
the port. This in turn allows for more effec-
tive traction and tissue exposure, as the instru-
ment’s movement is similar to the surgeon’s hand
and wrist movements, as opposed to traditional
laparoscopy where a surgeon’s movements are
opposite to those of the internal instruments.

The camera telescope with three-dimensional
visualization is available in two sizes: 12 and
8.5 mm. A 5-mm camera telescope is also avail-
able but is limited to two-dimensional visualiza-
tion as seen in conventional laparoscopy since
this telescope contains a single camera. For the
robotic instruments, a wide range of instruments
are currently available in both 8 and 5 mm sizes.
However, certain instruments are currently not
available in the 5 mm size, and this includes the
electrocautery-capable monopolar curved scis-
sors (Hot Shears). Despite this limitation, with
the goals of improved cosmesis and smaller skin
incisions in mind, we utilize the 8.5-mm tele-
scope and the 5-mm instruments for the majority
of our pediatric robotic procedures, where the
12-mm telescope and the 8-mm instruments are

reserved for adolescent patients. In general, the
5-mm instruments have a longer articulating tip
than the 8-mm instruments; however, we have not
experienced any negative sequelae with the use of
the 5-mm instruments during robotic procedures
in children.

A number of instruments in particular are use-
ful for the pediatric surgical specialist. The initial
dissection during a typical procedure is depen-
dent on a combination of blunt dissection and
dissection with cautery; this is especially appar-
ent in the exposure of the kidney and the renal
pelvis, as tissue planes are well defined and often
can be bluntly developed initially. We recom-
mend the use of a cautery instrument in the right
hand and a grasping instrument in the left hand.

The most commonly used monopolar cautery
device in the 5 mm size is the monopolar cautery
instrument with either a hook or a spatula tip
(Fig. 2.1), since the monopolar curved scissors
(Hot Shears) are available only in the 8 mm
size. Advantages of the monopolar cautery hook
include its capability for blunt dissection near
potentially delicate posterior structures prior to
the initiation of cautery, as well as its small con-
tact focus of cautery, which allows for precise
incision and exposure of tissue planes with the
blunt tip of the instrument. The monopolar curved
scissors (Hot Shears) can provide sharp dissec-
tion with a smaller contact focus of cautery as
compared to the monopolar cautery hook; how-
ever, its capability for blunt dissection may be
limited due to the sharp edges at the scissors’
distal tip, as well as to its sole availability in
the 8 mm size. Another alternative for a cautery

Fig. 2.1 Monopolar cautery hook—5 mm
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instrument are the harmonic curved shears, which
are available in 5 and 8 mm sizes. As with the
laparoscopic harmonic instruments, the cautery
energy is transmitted between the jaws of the
device, and this containment of energy may help
to avoid inadvertent cautery injury to surrounding
structures.

A variety of grasping instruments are avail-
able for the Da Vinci robot for pediatric proce-
dures. Routine forceps and graspers in the 5 mm
sizes include the Maryland dissectors (Fig. 2.2)
and the DeBakey forceps (Fig. 2.3). If a larger
grasper is required, the atraumatic bowel graspers
(Fig. 2.4) and the sharp-toothed Schertel graspers
are available in the 5 mm sizes for creating
and maintaining surgical exposure. As with the
cautery instruments, other graspers and forceps
are available that can provide more forceful trac-
tion, such as the ProGrasp forceps. But they
are available only in the 8 mm sizes and thus
may have limited utility for pediatric procedures.
Unfortunately, the bipolar Maryland forceps are
also available only in the 8 mm size, and this
may be one instrument that, if available in the
5 mm size, could help to increase surgeon’s effi-
ciency and reduce operative times in pediatric
procedures, as many robotic surgeons use the
bipolar Maryland forceps as their grasping instru-
ment. This allows the use of bipolar cautery
in the grasping instrument without the need for
an instrument change. The combination of finite
movements with the Maryland forceps with the
added ability to deliver hemostasis with the use
of bipolar energy would be beneficial in pediatric
cases.

For cutting purposes, only two types of scis-
sors are currently available in the 5 mm size:

Fig. 2.2 Maryland dissector—5 mm

Fig. 2.3 DeBakey forceps—5 mm

Fig. 2.4 Bowel graspers—5 mm

curved scissors (Fig. 2.5) and round-tip scissors.
In most instances, the curved scissors are useful
for general dissection and cutting. However, cer-
tain procedural steps, such as the spatulation of a
ureter prior to a dismembered pyeloplasty anas-
tomosis, may necessitate a straight incision with
the round-tip scissors. The relatively wide distal
tips of the round-tip scissors may limit its useful-
ness for small-caliber ureteral spatulations. For
fine-cutting purposes, Potts scissors with sharp
pinpoint tips are available, but only in the 8 mm
size.

For pediatric procedures, the needle driver
(Fig. 2.6) and the 5-mm grasping instruments
listed above are usually sufficient for suture
placement and knot tying in an instrument-tie
manner. In general, one is advised to handle
reuseable portions of the suture with the needle
driver as opposed to the grasping instruments,
since the needle driver tends to better preserve

Fig. 2.5 Curved scissors—5 mm
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Fig. 2.6 Needle driver—5 mm

the suture integrity when handling a suture. A
larger variety of other instruments are also avail-
able, but only in the 8 mm size. Instrument ties
with the Black Diamond microforceps may be
facilitated by the instrument’s narrow tips, as it
is easier to wrap the suture around the narrow
tips of these forceps. Another instrument avail-
able only in the 8 mm size is the SutureCut needle
driver, which has a small scissor blade in the base
of the instrument’s tips that can be used for cut-
ting suture without the need for an instrument
change or an assistant. One must take care not to
prematurely cut one’s suture. Future technologi-
cal advances may allow for these instruments to
become available in the 5 mm sizes.

In addition to the wide variety of robotic
instruments available with the proprietary
“EndoWrist” articulation, the pediatric robotic
surgeon also has the ability to use traditional
laparoscopic instruments either through one
of the robotic instrument ports or through an
accessory 5-mm laparoscopic port. We generally
encourage the use of a 5-mm accessory port to
potentially increase surgeon’s efficiency and to
reduce operative times. Attaching the CO2 gas
inflow to the accessory port may also decrease
the incidence of poor camera visualization due to
fogging. In addition, the accessory port can also
provide the capability for the bedside assistant
to assist with retraction, suture placement and
removal, as well as suction and irrigation without
the need for an instrument change. Furthermore,
the entire gamut of laparoscopic instruments
such as clip appliers and scissors can be utilized
during the robotic procedure. And the accessory
port can serve as the conduit in which to place
ureteral wires and stents into the ureter without
the need for a separate incision or puncture.

As robotic technology continues to evolve,
the list of robotic instruments is expected to
grow with miniaturization of the instruments and
improved surgeon’s capabilities in the robotic
setting. This should be especially beneficial for
the pediatric urologic patient where an increas-
ing number of pediatric reconstructive procedures
can be performed in a minimally invasive fash-
ion with the potential for clinical benefits such as
improved cosmesis, decreased hospital length of
stays, and reduced pain medication requirements.
In the next paragraphs, several robotic procedures
in pediatric urology are described with respect to
their instrumentation needs.

Robotic-Assisted Laparoscopic
Pyeloplasty

Pyeloplasty for the surgical management of
ureteropelvic junction (UPJ) obstruction is one
of the most common uses for the Da Vinci robot
in the pediatric urology field. UPJ obstruction is
more commonly being diagnosed in the perinatal
period due to early detection with antenatal ultra-
sound imaging, as opposed to later in childhood
or even adulthood for symptomatic manifesta-
tion [5]. Accompanying this trend is the rising
concern that prenatal diagnosis of UPJ obstruc-
tion can lead to anxiety in expecting parents with
worries that their newborn will require surgical
intervention early in life [6]. For this reason,
minimally invasive modalities for the surgical
management of UPJ obstruction in infants and
children may help to alleviate the concerns of par-
ents by giving them a less invasive surgical option
rather than open surgery.

Primary UPJ obstruction can be due to intrin-
sic obstruction with an aperistaltic segment of
ureter at the level of the renal pelvis with an
interruption of ureteral muscular development
leading to contractile discontinuity and functional
obstruction [7]; due to high insertion of the
ureter into the pelvis; or due to extrinsic com-
pression from a crossing lower pole renal vessel
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that crosses anterior to the UPJ. Other poten-
tial causes of UPJ obstruction include persistent
congenital valvular mucosal folds [8] and upper
ureteral polyps [9]. Secondary UPJ obstruction
can be seen secondary to severe vesicoureteral
reflux when the dilated tortuous ureter kinks and
impedes urine flow. Initial repair of the UPJ
obstruction is generally recommended in these
cases [10].

Surgical repair of UPJ obstruction is com-
monly performed using a dismembered pyelo-
plasty technique as described by Anderson and
Hynes [11]. This technique via an open incision
has become the gold standard for UPJ reconstruc-
tion as it allows for extensive flexibility in the
excision of abnormal ureteral segments, as well
as the preservation of aberrant crossing vessels.
The laparoscopic adaptation of this technique was
first reported in adults in 1993 [2], and subse-
quently in children in 1995 [3]. With the laparo-
scopic technique with peritoneal insufflation and
direct endoscopic visualization, rapid identifica-
tion of the obstructed UPJ, as well as the rapid
detection of a crossing vessel, if present, is possi-
ble. However, one of the limitations of the laparo-
scopic technique was the steep learning curve for
the ureteral reconstruction, which involves exten-
sive laparoscopic suturing and hence has resulted
in only a modest adoption by pediatric urologists.

The EndoWrist articulation of the Da Vinci
system allows a surgeon to mimic actual hand
and wrist movements to help overcome the
technical demands of intracorporeal suturing.
Robotic-assisted laparoscopic pyeloplasty has
been described as a cutting-edge improvement
over laparoscopic pyeloplasty [12], with compa-
rable results to open surgery [13]. The 10-fold
magnification and three-dimensional visualiza-
tion appear to shorten the learning curve for
surgeons with limited experience in minimally
invasive reconstruction [14]. However, the ben-
efit to experienced laparoscopic surgeons may be
limited.

Robotic-assisted laparoscopic pyeloplasty has
also been shown to be safe and success-
ful in infants [15] and in reoperative cases
[16]. When directly compared to open surgery,
robotic-assisted laparoscopic pyeloplasty has led

to decreased lengths of hospital stays and reduced
pain medication requirements, as well as similar
operative times when compared to open surgery
once a surgeon has gained sufficient experience
[17].

Robotic-assisted laparoscopic techniques have
also been described for difficult intrarenal col-
lecting systems or for failed pyeloplasties for
which successful robotic ureterocalicostomies
were performed [18]. In addition, for patients
with lower ureteral obstruction, robotic-assisted
laparoscopic ureteroureterostomy has been suc-
cessfully performed in both single and duplicated
collecting systems [19].

Useful 5-mm Instruments

Exposure/initial dissection of the renal pelvis in
the retroperitoneal space can be accomplished
with the monopolar cautery hook in the right
hand and the Maryland dissector or DeBakey for-
ceps in the left hand. The use of curved scissors is
limited by the lack of cautery in the 5-mm version
of this instrument.

Transection of the renal pelvis and the ureter
can be performed with curved scissors or round-
tip scissors. Spatulation may be facilitated by the
straight tips of the round-tip scissors; however,
the wider tips of these scissors as compared to the
curved scissors may limit this advantage in small
ureters.

Anastomosis may be performed with two nee-
dle drivers or the use of one needle driver and one
grasping instrument such as the DeBakey forceps,
with the caveat that one should preferentially han-
dle reusable portions of the suture with the needle
driver as opposed to the grasping instruments.

Robotic-Assisted Laparoscopic Renal
Surgery

The Da Vinci robot has been used for other
types of renal surgeries such as complete and
partial nephrectomy, pyelolithotomy, calyceal
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diverticulectomy, and adrenalectomy in the
pediatric population [20]. This should not be sur-
prising given the access to and visualization of
the kidney demonstrated in reconstructive pro-
cedures such as the dismembered pyeloplasty.
The 10-fold magnification and three-dimensional
visualization allow for careful identification of
key structures in these procedures, which can be
difficult to identify in the typical pediatric patient.
However, the benefits of robotic surgery over
conventional laparoscopy have yet to be demon-
strated for pediatric urology procedures that are
primarily extirpative in nature.

While robotic-assisted laparoscopic partial
nephrectomies in adult patients are common for
the removal of small kidney tumors [21], robotic-
assisted laparoscopic partial nephrectomies in
children are often performed for the removal of
benign nonfunctioning upper pole segments. In
the small working space of a pediatric patient, the
Da Vinci system’s optics and fine articulation and
instrument control may allow for precise move-
ments and potentially safer procedures. Often,
these nonfunctioning upper pole segments have
their own vascular supply, which necessitates
identification and control of the upper pole blood
supply without the need for clamping of the lower
pole vascular supply. Hence warm ischemia time
is usually not necessary when this procedure is
applied to children because of their duplicated
vascular anatomy. As with laparoscopic partial
nephrectomies, the distinction between the poles
is often clearly demarcated, and extensive mobi-
lization of the duplex kidney is usually unneces-
sary [22].

The surgical procedure for a robotic-assisted
laparoscopic partial nephrectomy closely resem-
bles that of the conventional laparoscopic tech-
nique. The arterial supply to the nonfunctioning
upper pole segment, if located, is clamped to
allow ischemic delineation of the borders of the
upper pole on the cortex of the kidney. Once
the borders are delineated, the ischemic upper
pole can be removed with electrocautery or har-
monic curved shears similar to the conventional
laparoscopic technique [23].

Robotic-assisted laparoscopic partial nephrec-
tomy has been described in the adult population

[24], with the adaptation of the robotic procedure
to utilize a single laparoscopic port [25]. Robotic-
assisted laparoscopic partial nephrectomy has
also been reported as a safe option for use in chil-
dren, with a relatively short learning curve and
the potential for enhanced safety and efficiency
for this minimally invasive option because of the
magnified visualization and fine dexterity of the
robotic instruments [26].

Useful 5-mm Instruments

Exposure/initial dissection of the kidney in the
retroperitoneal space can be accomplished with
the monopolar cautery hook in the right hand and
the Maryland dissector or DeBakey forceps in the
left hand. The use of curved scissors is limited by
the lack of cautery in the 5-mm version of this
instrument.

Partial nephrectomy of a nonfunctioning
upper pole can be performed using monopo-
lar cautery hook or harmonic curved shears. If
significant upper pole vessels are encountered,
laparoscopic clipping or robotic suture ligation
may be necessary. Yet in many instances, due to
the atretic nature of the upper pole vessels, sim-
ple cautery or the use of the harmonic instrument
may be sufficient for vascular control.

Hemostasis with mattress sutures, if necessary,
may be performed with two needle drivers, or
the use of one needle driver and one grasping
instrument such as the DeBakey forceps, with
the caveat that one should preferentially handle
reusable portions of the suture with the needle
driver as opposed to the grasping instruments.

Robotic-Assisted Laparoscopic
Ureteral Reimplantation

Vesicoureteral reflux is commonly due to a pri-
mary defect at the level of the ureterovesical
junction (UVJ) or may occur secondarily when
the normal UVJ is overwhelmed by increased
intravesical pressure. Primary reflux is usually
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related to an inadequate length of the intramu-
ral ureter, with a tunnel length that is shorter than
the optimal tunnel length-to-diameter ratio of 5:1
reported by Paquin [27].

There are numerous techniques for ureteral
reimplantation described in the urologic litera-
ture, all of which are associated with excellent
success rates. Some are performed with intraves-
ical ureteral dissection and tunnel creation [27,
28], while others are performed extravesically,
without violation of the bladder mucosa [29, 30].
One of the most difficult steps in these proce-
dures is accessing the native ureter, especially if
an extravesical approach is chosen.

Utilization of the Da Vinci robot provides clear
unobstructed views of the posterior pelvis from a
cephalad point of view, as similarly seen in estab-
lished robotic procedures such as the robotic-
assisted radical prostatectomy. A transperitoneal
approach to the distal ureter is feasible once the
overlying peritoneum is safely incised and the
ureter is identified. We prefer the extravesical
Lich-Gregoir technique where the robotic instru-
ments allow for precise placement of interrupted
sutures on the newly created bladder muscle flaps
to create a new submucosal tunnel for the reim-
planted ureter.

Intravesical approaches are also possible using
the Da Vinci surgical system. Olsen noted that the
transvesical technique was effective in a porcine
model where eight pigs with induced vesi-
coureteral reflux underwent transvesical place-
ment of the robotic camera and the ports into the
bladder after induction of pneumovesicum, with
successful Cohen cross-trigonal reimplantations
in all specimens [31]. The robotic approach was
preceded by conventional laparoscopic transvesi-
cal reimplantation in children with subsequent
high success rates, but it was noted that smaller
bladder capacities were associated with higher
rates of complication, namely urinary leakage
[32]. More recently, robotic-assisted laparoscopic
intravesical ureteral reimplantation has been
safely and successfully performed in children at
several pediatric centers [20, 33]. And success-
ful tapering and reimplantation of megaureters
have also been reported [20]. Given the advan-
tages of magnified visualization of the distal

ureter and bladder, fine instrument control, and
facilitated suturing capabilities, robotic-assisted
laparoscopic reimplantation may find greater
acceptance in the near future among pediatric
urologists.

Useful 5-mm Instruments

Exposure/initial dissection of the distal ureter in
the perivesical space can be accomplished with
the monopolar cautery hook in the right hand and
the Maryland dissector or DeBakey forceps in the
left hand. The use of the monopolar cautery hook
is especially advantageous as the ureter can be
retracted with the hook instrument with minimal
risk of ureteral injury. The use of curved scis-
sors is limited by the lack of cautery in the 5-mm
version of this instrument.

Creation of the bladder muscle flaps may best
be accomplished with the use of the monopo-
lar cautery hook due to the lack of cautery with
the 5-mm curved scissors. Bladder distension
via the Foley catheter may assist with this dis-
section and may help prevent bladder mucosal
perforation.

Closure of the muscle flaps over the ureter to
complete the extravesical reimplantation may be
performed with two needle drivers, or the use of
one needle driver and one grasping instrument
such as the DeBakey forceps, with the caveat
that one should preferentially handle reusable
portions of the suture with the needle driver as
opposed to the grasping instruments.

Robotic-Assisted Laparoscopic
Bladder Surgeries

Other procedures in the field of pediatric urol-
ogy to which robotic assistance has been applied
involve the urinary bladder, with the greatest
benefits seen in procedures requiring extensive
laparoscopic suturing. In the pediatric popula-
tion, children with neurogenic bladder related
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Table 2.1 Common
instruments in pediatric
robotic urologic surgery

• Monopolar cautery hook or spatula (5 mm; 8 mm) (Fig. 2.1)
• Maryland dissector (5 mm; 8 mm with bipolar) (Fig. 2.2)
• DeBakey forceps (5 mm; 8 mm) (Fig. 2.3)
• Bowel grasper (5 mm; 8 mm) (Fig. 2.4)
• Round-tip scissors (5 mm; 8 mm)
• Curved scissors (5 mm—without cautery) (Fig. 2.5)
• Needle driver (5 mm; 8 mm) (Fig. 2.6)
• ProGrasp forceps (8 mm only)
• Harmonic curved shears (5 mm; 8 mm)
• Monopolar curved scissors (Hot Shears) (8 mm only)

to their myelomeningocele represent a group
of patients that may require bladder augmenta-
tion with lifelong catheterization, either through
their native urethra or through a catheterizable
appendicovesicostomy [34]. Limited application
of minimally invasive techniques to these types
of procedures may be in part due to the extensive
suturing required for these types of reconstruc-
tion. Previous reports of laparoscopic reconstruc-
tions include the extracorporeal creation of a
neobladder after laparoscopic radical cystectomy
[35], although intracorporeal diversions have also
been successfully performed with conventional
laparoscopy in the porcine model [36].

With the goal of pediatric applications in mind,
complete intracorporeal robotic-assisted bladder
augmentation was successfully performed in a
porcine model [37]. Furthermore, clinical appli-
cations of the Da Vinci robot for reconstructive
bladder procedures have been described includ-
ing intracorporeal augmentation with Mitrofanoff
appendicovesicostomy [38], antegrade cutaneous
colon tube creation [39], and urachal cyst exci-
sion with bladder reconstruction [40].

Another potential benefit of robotic-assisted
laparoscopic surgery is the potential for com-
bined surgical procedures to be performed in chil-
dren in a single anesthetic session. Simultaneous
robotic-assisted laparoscopic appendicovesicos-
tomy with nephrectomy and orchiopexy was
previously reported [41]. This provides new
possibilities for patients with multiple uri-
nary tract abnormalities, where robotic-assisted
laparoscopic surgery can lead to complete sur-
gical repair of all abnormalities in a single
session.

The Future

As robotic technology evolves with improve-
ments and miniaturization of the robotic instru-
ments, more reconstructive procedures in pedi-
atric urology most likely will be performed in
a minimally invasive fashion. This should bene-
fit most pediatric urology patients with expected
reductions in length of hospital stays, reductions
in pain medication requirements, earlier return
to normal activity, and improved cosmesis. In
addition, one can foresee possible applications
of robotic technology to emerging modalities of
minimally invasive surgery, such as natural ori-
fice translumenal endoscopic surgery (NOTES),
as shown in animal studies using the robotic
system [42]. As advocates for pediatric health,
pediatric robotic surgeons should strive to be
at the forefront of these emerging technologies
to ensure that they are properly applied to the
pediatric patient.
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Chapter 3

Instrumentation During Pediatric Laparoscopic
Anastomoses and Reconstruction

Smart Zeidan and Alaa El-Ghoneimi

Instrumentation for open surgery has seen rela-
tively little change over the last several decades.
Laparoscopic surgery is equipment intensive.
Each surgical specialty has different require-
ments for instruments, and laparoscopic urology
involves gaining access, visualization, placement
of instruments, dissection and hemostasis of tar-
get tissues, extraction of specimens, and wound
closure. Adaptations of adult laparoscopic instru-
ments continue to be made for appropriate appli-
cation and improvement of the safety of laparo-
scopic procedures in infants and children. This
chapter gives an overview of the basic equipment
and instruments that should be available.

Instrumentation for Visualization

Four components are required to create a laparo-
scopic image: laparoscope, light source, camera,
and monitor.

Laparoscopes that are most commonly used
are rigid and have 0◦ or 30◦ lenses (range 0–70◦
lenses) and a size of 10 mm (range 1.9–12 mm).
They contain a rod lens system as optical system
and glass fibers for the transmission of light.
The quality of the laparoscopes in terms of
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visualization and light transmission is inversely
related to its diameter. To start with endoscopic
surgery in children, it is advisable to start with
5-mm-diameter laparoscope as these laparo-
scopes give good view and allow for sufficient
light transmission for most operations in chil-
dren. Moreover, as it is also advised to start with
5-mm-diameter instruments, the laparoscope can
be moved to different port sites. After gaining
experience, the surgeon can decide whether
smaller laparoscopes give a sufficient view. It is
advisable to use 30◦ laparoscopes for most oper-
ations that allow for looking behind structures,
except for retroperitoneal approach where the
0◦ laparoscope facilitates the orientation in the
retroperitoneal space [1].

Light sources use high-intensity halogen, mer-
cury, or xenon vapor bulbs with an output of
250–300 W. In addition to manual control of
the brightness, some units also have automatic
adjustment capabilities to prevent too much illu-
mination that may result in a “washed-out”
image. Any breakage of fibers in the fiber
optic cable, which may occur during steriliza-
tion and/or improper handling, will result in
decreased light transfer from the light source to
the laparoscope. Appropriate adapters must be
purchased when the cable and the endoscope
are from different manufacturers than the light
source. Recent advances in laparoscopic technol-
ogy have combined the light source and camera
capabilities into a single working instrument.
This integrated laparoscope is available in 5 and
10 mm sizes. Cold light does not exist: the tem-
perature at the end of the light cable rises up
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to 225◦C within seconds and at the end of the
laparoscope up to 95◦C within 15 min [2]. The
cable should therefore always be attached to the
laparoscope and wiping the lens clean against
surrounding tissues should not be done especially
in children because the bowel is more fragile than
in adults.

The camera system consists of a camera and
a video monitor. The camera is attached directly
to the end of the laparoscope and transfers the
view of the surgical field through a cable to the
camera box unit. After reconstruction of the opti-
cal information, it is displayed on one or two
video monitors. All currently made cameras can
be gas or soak sterilized. The quality of the cam-
eras has been greatly improved over the years [3].
A wide variety of cameras are currently avail-
able: single-chip, single-chip/digitized, three-
chip, three-chip/digitized, interchangeable fixed
focus lenses, zoom lenses, beam splitter, and
direct coupler. Digitized images are preferable
to analog as their recorded fidelity is preserved.
The digital signal prevents image quality degra-
dation and improves color, contrast, sharpness,
and depth of field when compared to conven-
tional systems [4]. Video advances such as high-
definition television produce an extremely high-
resolution image in a wide screen format, which
provides superior image quality and visualiza-
tion during endoscopy. In order to obtain a “true”
upright image of the surgical field on the moni-
tor, the camera’s orientation mark must be placed
at the 12 o’clock position. With 0◦ laparoscopes,
the camera is locked to the eyepiece in the “true”
position; the system is maintained in this orien-
tation throughout the procedure. If the assistant
inadvertently rotates the laparoscope, the image
will also rotate which can be very disorient-
ing. In contrast, with the 30◦ laparoscope, the
camera is loosely attached to the eyepiece of
the laparoscope so that the laparoscope can be
rotated. Accordingly, the assistant must hold the
camera in the upright, “true,” position with one
hand while rotating the laparoscope through a
360◦ arc in order to peer over and around vas-
cular and other intra-abdominal structures; the
30◦ lens thus provides the surgeon with a more
complete view of the surgical field than does a

0◦ lens. The most vexing problem with regard
to the laparoscope is “fogging” of the lens. To
prevent fogging of the laparoscope after inser-
tion into the warm intraperitoneal cavity, it is
advisable to initially warm the laparoscope in a
container holding warm saline prior to its pas-
sage into the abdomen. In addition, wiping of
the tip with a commercial defogging fluid or with
povidone iodine solution (Betadine R©) is also rec-
ommended. Should the image remain poor, the
laparoscopist should check for moisture build-up
occurring between the eyepiece and the cam-
era; both components need to be disconnected
and carefully cleansed with a dry gauze pad.
All these measures should be used to have clear
images. This problem is frequently seen in chil-
dren because of the limited working space and
of the fact that the surrounding structures are
close to the laparoscope. In the retroperitoneal
approach, the retroperitoneal fat should be kept
away from the field to avoid any contact with the
laparoscope [5]. The role of the assistant is cru-
cial in maintaining the laparoscope away from the
target organ and surrounding structures. A self-
retaining instrument to hold the camera stable is
of great advantage in reconstructive surgery.

Instrumentation
for Insufflation/Insufflators

Laparoscopic insufflation is accomplished with
CO2. It allows the surgeon to obtain and main-
tain the pneumoperitoneum at a specific abdom-
inal pressure. Current insufflation machines are
automated and allow manual settings to regulate
intra-abdominal pressure and CO2 flow rates. In
addition, most machines monitor the total vol-
ume of CO2 infused. Intra-abdominal pressure
should be kept below 15 mmHg in the pediatric
patient to avoid potentially severe physiologic
consequences [6, 7]. Most operations in children
can be well performed using a pressure not higher
than 10 mmHg. To be able to obtain a good work-
ing space with a low intra-abdominal pressure,
optimal muscle relaxation is required. As far as
flow is concerned, a low flow, e.g., 2 l/min, is
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sufficient when trocars do not leak. In children,
major gas leaks should be prevented as this will
lead to hypothermia [8].

Instrumentation for Access

Trocars

Trocars enable the laparoscopist to introduce
working instruments into the gas-filled abdomen.
They also maintain or re-establish a pneumoperi-
toneum by conveying the insufflant and may
serve as pathways for delivering dissected tis-
sue from the surgical area to the outside of the
abdomen. Typically, a trocar consists of an outer

hollow sheath (also called cannula or port) and an
inner obturator, which is removed as soon as the
outer sheath has entered the peritoneal cavity. A
variety of trocars, both disposable and reusable,
are available. Standard models range from 3 to
20 mm in diameter and from 5 to 15 cm in length.

There are ports with and without a stop-
cock for CO2 insufflations and with and without
a valve (Fig. 3.1a). Some ports (e.g., 3 mm
diameter) have a partial membrane as a valve
(Fig. 3.1b). When no instrument is inside, they
leak CO2. To prevent leakage when no instrument
is present, a blunt obliterator should be inserted.
It is advisable to start building up experience in
endoscopic surgery with ports and correspond-
ing laparoscope and instruments of the same
diameter, which allows for changing laparoscope

Fig. 3.1 Trocar. (a) Standard 5-mm reusable port with
stopcock and valve. (b) Three-millimeter reusable ports
with stopcock and without valve (two different lengths).

(c) Blunt conical obturator’s tip. (d) Sharp pyramidal
obturator’s tip
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and instruments to all available port sites.
Two- and three-millimeter instruments are avail-
able. The 2-mm instruments are fragile and bend
easily. Moreover the beaks of these instruments
are so narrow that accidental perforation may
easily occur and firm grasping will cause tissue
damage. In contrast, 3-mm instruments to be used
in concert with 3.3-mm port are quite strong and
are less likely to cause accidental perforation.
Most 3-mm instruments are now available in an
insulated form and most of the operations in chil-
dren can be done with 3-mm instruments. The
total 3-mm arsenal however is much more lim-
ited than the 5-mm arsenal. The length of the port
should depend on the thickness of the body wall
to be pierced. In general, ports for use in children
may be shorter, not only because of the thinner
body wall but also because of the limited working
space.

The obturator’s tip may be sharp pyramidal,
sharp conical, eccentric, needle-like and blunt
conical (Fig. 3.1c, d). The purpose is to facili-
tate the introduction of a port through the var-
ious layers of tissue or to obliterate the port if
only a ring-like valve is present. A plastic safety
shield covers the sharp tip of most disposable
trocars. It retracts as the tip of the obturator tra-
verses the abdominal wall but springs forward
and locks in its deployed position as soon as
the trocar enters the peritoneal cavity, thereby
protecting intraperitoneal contents from injury.
When inserted in an open way, it is advisable to
insert the port together with a blunt conical obtu-
rator to prevent damage of tissues caused by the
edge of the port and to allow a smaller hole for
insertion.

Several innovative trocar systems and devices
have been introduced into the clinical practice of
laparoscopy:

The EndoTipTM system (Karl Storz, Culver
City, CA) is a screw-like nondisposable device
which has no sharp points or cutting edges. A
small fascial incision is made after which the port
is screwed in clockwise direction. This process
can be supervised by using a telescope inside the
port at the same time. By doing so the tissues are
not cut but pouched away. The port is removed by
screwing in counter clock direction.

The disposable One-StepTM port (InnerDyne,
Inc., Sunnyvale, CA) has an adjustable seal
which allows introduction of laparoscopic instru-
ments within a range of 4.4–12 mm in diame-
ter. SiloxaneTM coating provides smooth passage
of instruments and a removable cap facilitates
removal of tissues. The initial passage of this
port is facilitated by its narrow profile: 2.1 mm
at the distal tip and 3.8 mm along the main
body; next a blunt-tipped obturator is introduced
in order to expand it to a 5, 10, or 12 mm size,
dependent upon the surgeon’s needs. As such,
the tissues of the abdominal wall are stretched
rather than incised, thereby precluding the need
for placement of fascia sutures at the end of the
procedure.

Blunt trocars have no safety shields and are
nonbladed. They are passed through the abdom-
inal wall either with a rotating or with a side-
to-side forward action. Because they dilate and
stretch the abdominal wall tissues, rather than
cutting the tissue, no fascia sutures are used to
close these port sites, especially if they are off the
midline.

Reducers allow downsizing of working chan-
nels in ≥10 mm trocars to accommodate smaller
5-mm working instruments without any leakage
of CO2; however the development of multi-port
technology has resulted in valves that can accom-
modate 5–12-mm instruments without the need
for a reducer.

Primary Access and Port Placement

The kidney can be accessed by retroperitoneal or
transperitoneal approach.

Retroperitoneal Access

Lateral Approach

The patient is placed laterally, with sufficient
flexion of the operating table so as to expose the
area of trocar placement, between the last rib and
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Fig. 3.2 (a) Patient positioning for left retroperitoneal
laparoscopic renal surgery. The patient is placed later-
ally, with sufficient flexion of the operating table so as
to expose the area of trocar placement, between the last
rib and the ileac crest; for younger children as shown, a
lumbar support is sufficient for the exposure. The child
is rapped by two adhesive bands, one on the greater
trochanter level and a second on the chest to keep the
child on perpendicular angle with the table. The sur-
geon, assistant, and scrub nurse are all on the back side
of the child. The front side of the child is left free for

the monitor. (b) Port placement and landmarks for left
retroperitoneal laparoscopic pyeloplasty. Retroperitoneal
access is achieved via the first incision (1), at the tip of the
12th rib, and is used for the laparoscope. Second port (2),
placed in the costovertebral angle, is used for the needle
holder and scissors and to place the double J stent. Third
port (3) is placed near to the iliac crest at the anterior axil-
lary line and is used for the grasping forceps. The first port
is 3 or 5 mm n diameter and the other ports are 3 mm. In
this case a transanastomotic pyelostomy stent was used

the ileac crest (Fig. 3.2). In infants and young
children (under 6 years), our preference is to put a
lumber padding to laterally flex the patient with-
out flexing the operating table. Retroperitoneal
access is achieved through the first incision,
15–20 mm in length and one finger width from
the lower border of the tip of the 12th rib. The
use of narrow retractors with long blades allows a
deep dissection with short incision. The Gerota’s
fascia is approached by a muscle-splitting blunt
dissection, then it is opened under direct vision

and the first blunt trocar (3 or 5 mm diameter)
is introduced directly inside the opened Gerota’s
fascia [9–13]. A working space is created by gas
insufflation dissection, and the first trocar is fixed
with a purse-string suture that is applied around
the deep fascia to ensure an airtight seal and to
allow traction on the main trocar if needed to
increase the working space. This type of fixation
is preferable to the single used self-retaining tro-
car, because in children this type of trocars has
relatively big size that interferes with the mobility
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of instruments. Second trocar (3 mm diameter)
is inserted posteriorly in the costovertebral angle,
in front of the lumbosacral muscle. Third trocar
(3 mm diameter) is inserted in the anterior axil-
lary line, a finger width from the top of the
iliac crest [14]. To avoid transperitoneal insertion
of this trocar, the working space is fully devel-
oped and the deep surface of the anterior wall
muscles is identified before the trocar insertion.
Insufflation pressure does not exceed 10 mmHg,
and the CO2 flow rate is progressively increased
from 1 to 3 l/min. Age is not a limiting factor for
this approach. Young children have less fat and

the access is easier; we have used this access in
other indications as nephrectomy for children as
young as 3 weeks [15].

Prone Posterior Approach

The access begins with an incision in the cos-
tovertebral angle at the edge of the paraspinous
muscles. The secondary trocars are placed just
above the iliac crest, one medially at the edge of
the paraspinous muscles and one laterally at the
posterior clavicular line [16].

Fig. 3.3 (a) Patient positioning and trocar placement for
left transperitoneal laparoscopic renal surgery. The child is
positioned on semiflank position with the surgeon stand-
ing in front of the abdomen (opposite side of pyeloplasty).
(b) Port placement and landmarks for left transperitoneal
laparoscopic pyeloplasty. First port (1) is inserted under
vision through a midline trans-umbilical incision and is

used for the laparoscope. Second port (2) is inserted mid-
way between the umbilicus and the symphysis pubis and
is used for the needle holder and scissors. Third port (3)
is placed midway between the umbilicus and the xiphoid,
and is used for the grasping forceps. The same configura-
tion can be used for the opposite side after modification of
the child’s position
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Other Techniques to Access
the Retroperitoneal Space

Since the description by Gaur in 1992 [17], the
balloon dissection has been the method applied
by most of the urologists. Disadvantages of the
balloon are the cost of the disposable material
and the possible complications with rupture of the
balloon [18]. On the other hand, the balloon dis-
section allows creating a working space without
opening the Gerota’s fascia, which is important
for radical nephrectomy of malignant tumors in
adults.

Capolicchio et al. [19] described a modifica-
tion of the lateral access. They recommend the
insertion of the first trocar through the costover-
tebral angle. This modification helped the authors
to avoid the accidental peritoneal tear during the
access through the first lateral incision and also
allowed a smaller incision for the laparoscope.

Micali et al. [20] reported the use of the
Visiport visual trocar to access directly to the
retroperitoneal space. The advantage of this
method is the possibility to use a small incision
for the first trocar, which is interesting in the
reconstructive surgery.

Transperitoneal Access

Several options exist in terms of patient posi-
tioning. The most frequently described is the
flank position [21]. Most pediatric surgeons use
an open method for the introduction of the first
trocar in order to prevent the rare but often life-
threatening complications of vascular or hollow
viscous perforation by the Veress needle or the
blind insertion of the first port [22]. The pneu-
moperitoneum is created through an open umbili-
cal approach. The child is positioned with the sur-
geon standing in front of the abdomen (opposite
side of pyeloplasty). The most frequent configu-
ration has been with the umbilical port and two
ipsilateral ports in the mid-clavicular line above
and below the umbilicus. A fourth trocar may be
placed in the mid-axillary line if needed for expo-
sure to retract the liver or the spleen if needed.

The kidney is exposed by medial mobilization of
the colon. In our experience, we insert the laparo-
scope through the umbilicus, and the operating
trocars are inserted midway between the umbili-
cus and the symphysis pubis and between the
umbilicus and the xiphoid process (Fig. 3.3). This
configuration is available for both sides and we
have used it successfully in cases of horseshoe
kidney [23].

Instrumentation for Grasping
and Blunt Dissection

The variety of manipulative instruments for
laparoscopic surgery is increasing all the time.
Each instrument has a handle, a shaft, and an end.
Most instruments have a grip handle. Handles
can have an electrocautery connection and/or a
locking mechanism. Most graspers and dissec-
tors are used in the 5 mm size but are available
in a range from 3 to 12 mm, in both dispos-
able and reusable forms. Grasping instruments
have either a single-action or a double-action tip
design. Wide variations exist with regard to con-
figuration of tip, surface characteristics of the
jaws, handle design, and possible electrosurgi-
cal properties. Various tip designs include blunt-
coarse, pointed, straight, curved, and angled. The
surface of the jaws may be atraumatic or trau-
matic. Indeed in children, instrument with a trau-
matic end has limited use. Instrument may be
reasonably atraumatic when used in adults but are
traumatic when used in children.

Instrumentation for Incising
and Hemostasis

Laparoscopic scissors are available in disposable
and non-disposable forms. As in open surgery,
two types of scissors are used: dissecting scissors
and scissors to cut ligatures or sutures. The blades
of laparoscopic scissors are shorter than their
open surgical counterparts. The configuration of



36 S. Zeidan and A. El-Ghoneimi

the tip may be useful for selective situations:
serrated tips for cutting fascia, hooked tips for
cutting sutures, microscissors for spatulating the
ureter during a pyeloplasty, and curved tips for
dissection. Incision of the tissue is achieved
using either an electrosurgical or a mechanical
approach.

Electrosurgical instrument. Different elec-
trodes are available: needle electrodes (Corson-
type) produce fine cuts, spatula electrodes are
utilized in blunt dissection and cutting, hook
electrodes (J and L configurations) are of par-
ticular value during dissection of vessels, as tis-
sue can be pulled away from delicate structures
before activating the cutting current. Most of
these instruments require the use of monopolar
high-frequency electrosurgery (MHFE). MHFE
has the potential hazards of collateral damage
caused by insulation failure, inadvertent contact
with other metal instruments, or capacitive cou-
pling. If nondisposable MHFE instruments are
used, they should be checked after each operation
for insulation failure. The probe, if coagulating
current is being used, should not be activated
unless it is in direct contact with the tissue to
be incised; if cutting current is being used, it is
helpful to activate the probe <1 mm from the
tissue and then initiate contact. In our current
practice in children, the limited working space
makes the use of MHFE more dangerous. In
the retroperitoneal approach, MHFE should be
avoided to prevent collateral damage especially
of the intraperitoneal structures that could be hurt
accidentally through the peritoneum.

Hemostasis is most safely achieved by uti-
lizing bipolar devices which require less energy
for performance. Bipolar high-frequency elec-
trocautery (BHFE) coagulates between the beak
of the instrument and decreases likelihood of
injury to surrounding tissue. It has the great
disadvantage of being basically a non-cutting
instrument, which means that after coagulation,
another instrument has to be brought in for cut-
ting. A variation on bipolar electrosurgery is the
LigaSure vessel sealing system (Valleylab, Inc.,
Boulder, CO). The system consists of a 5-mm
Maryland-style grasper/dissector or a 10-mm
grasping device, with a cutting blade to transect
the coagulated vascular structure, and both are

connected to a bipolar radio frequency gener-
ator. When the vascular structure is grasped
by the instrument, the tissue is evaluated by
a feedback-response system which subsequently
delivers the optimal energy required to seal
the vessel effectively. Due to the high-current
and low-voltage output, the vascular structure
enclosed by the jaws of the instrument degrades
quickly and a protein-based seal is created;
this mechanism of electrical current delivery
to the tissues results in less charring and less
collateral thermal damage [24]. Vessels up to
7 mm appear to be effectively occluded with this
device.

Ultrasonic device provides another option
for dissection in endoscopic surgery. Ultrasonic
energy can be used for sealing vessels and for
cutting tissue. The end of the instrument may
have different shapes, but the shear is most
often used because it can dissect, coagulate, and
transect at the same time. For use in children,
5-mm-diameter shears are available. In ultra-
sonic surgery, electrical energy is transformed
into mechanical energy by the use of a piezoelec-
tric crystal system. Rapid mechanical vibrations,
produced by this system, are capable of creating
the following effects on tissue: cavitation, coapta-
tion/coagulation, and cutting. Multifunctionality
(grasping, cutting, dissecting, and coagulation)
is provided when a scissor-type tip is utilized
[25]. In addition to the low risk of local thermal
damage and tissue charring due to its working
temperature of <80◦C, the depth of penetration
is limited to the targeted tissue and a 1 mm area
on either side of the point of application [26].
This device has two blades; only one of them
is nonheat conductor. In order to prevent collat-
eral thermal damage, the metallic blade should
be carefully watched. As ultrasonic coagulation
blanches the tissues, in contrast to HFE coag-
ulation, which blackens the tissues, collateral
damage may be harder to see. A disadvantage of
the use of ultrasonic energy is the high cost of
the shears, which at present are available only
in a disposable version. We frequently use this
device during nephrectomy in children but with
care to watch carefully the metallic blade not to
be in contact with surrounding structures as renal
vein when coagulating the renal artery; this can
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Fig. 3.4 A 3-mm bipolar electrosurgery with thin blades: the perfect device for delicate dissection of the pelviureteral
junction in children

severely damage the wall of the vessels resulting
in bleeding. Our preference in delicate dissection
in children (e.g., dissection of the pelviureteric
junction) is the BHFE (Fig. 3.4). This exists in 3-
mm instruments with thin blades to help precise
hemostasis [27].

Instrumentation for Suturing
and Tissue Anastomosis

The ability to ligate and to suture tissues in endo-
scopic surgery is very important. A significant
amount of practice is needed in order to achieve
a sufficient level of proficiency.

Laparoscopic needle holders have one fixed
jaw and one jaw that opens by squeezing the
spring-loaded handle of the instrument. Due to
the length and narrow shaft of the needle hold-
ers, they all have a locking mechanism to secure
the needle in the jaw of the needle holder. This
is done with a ratchet, spring-loaded, or a Castro-
Viejo-type mechanism. Some needle holders also
possess a valuable feature, which allows the jaws
to rotate around the main axis, relative to the
handle. Again for use in children in whom the
manipulation angle is often smaller than 60◦, it is
advantageous to have a needle holder with curved
beak so that the tip can be well visualized. For
internal tying, the pieces of thread to be used
should be short, e.g., 10 cm; in our practice, the

suture material for laparoscopic pyeloplasty in
children is a 6-0 absorbable suture with a tapered
three-eighth of circle needle, used in conjunction
with a 3-mm needle holder (Fig. 3.5), placed from
the most dependant portion of the pelvis to the
most inferior point or the vertex of the ureteral
spatulation. The suture is tied using the intracor-
poreal technique with the knots placed outside the
lumen. The same stitch is used to run the anterior
wall of the anastomosis (Fig. 3.6).

Knot pushers are utilized during extracorpo-
real knot-tying techniques. Knot pushers which
work independent of the suture material either
slide (Clarke-Reich) or cinch (Gazayerli) the knot
into place. Integral knot pushers are part of a
system that contains a preformed ligature loop.
As soon as the loop of the pre-knotted suture
is passed over the tissue to be secured, the knot
is delivered and secured around the target tis-
sue with the integral pusher. The suture is then
cut and the plastic knot pusher is removed and
discarded. We do not recommend extracorporeal
knotting when using fine sutures. In pyeloplasty
procedure, the 6-0 sutures are too fragile to resist
the extracorporeal tension.

The Endo Stitch (US Surgical Corp., Norwalk,
CT) device is an innovative disposable 10-mm
instrument that facilitates laparoscopic suture
placement and knot tying. The suture is secured
to the center of a straight needle which has a
pointed end on both sides, thereby allowing for
tissue penetration in either direction. By shuttling
the needle back and forth between the jaws of the

Fig. 3.5 A 3-mm needle holder: the indispensable device for suturing with 6-0 absorbable suture
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Fig. 3.6 Left retroperitoneal laparoscopic pyeloplasty for
hydronephrosis secondary to aberrant crossing vessels. (a)
The kidney is approached posteriorly and the renal pelvis
is first identified. Aberrant crossing vessels are identified
anteriorly to the PUJ. (b) A stay suture is placed at the
PUJ for traction and the renal pelvis partly divided by scis-
sors at the most dependant part and gentle traction on the
stay suture helps to define this point. The traction suture

also helps to mobilize the ureter so that the scissors can
be in the axis of the ureter. (c) After placement of the stay
suture, the ureter is completely divided and the UPJ and
the pelvis are delivered anterior to the vessels with the
help of the stay suture. Then the anastomosis is performed.
A reduction of the renal pelvis is done when needed. (d)
The final aspect at the end of the pyeloplasty. V, crossing
vessels; Ur, ureter; P, peritoneum; K, kidney

instrument after each passage through the tissue,
it applies a long known principle used in sewing
machines. As such, passing the needle through
the tissue and regrasping the needle after it has
traversed the tissue becomes a simple task, as it
is all done by a one-handed squeeze of the handle
and a flip of the needle-securing lever, respec-
tively. This device is rarely applicable in children,
as most of the surgery is done with 3- and 5-mm
trocars and instruments.

Instrumentation for Aspiration
and Irrigation

In contrast to open surgery in which a swab
with gauze can immediately restore vision during
bleeding or can immediately clean leakage from

the bowel, endoscopic surgery largely depends on
suction and irrigation for these matters. Moreover
as the amount of light that can be brought in endo-
scopic surgery is limited and blood absorbs light,
blood even in areas remote from the direct area
to be operated upon has to be removed in endo-
scopic surgery. These are available as either a dis-
posable or a non-disposable device; a combina-
tion of aspiration and irrigation in one instrument
is most practical. The aspirator, which is con-
nected to a suction system, consists of a 3–10-mm
metal tube with suction being controlled by either
a one-way stopcock or a spring-controlled trum-
pet valve. The irrigation channel is also operated
either by a one-way stopcock or by a trumpet
valve. The irrigation fluid is pressurized within
a range of 250–700 mmHg to allow for effective
delivery of the irrigant and flushing of any bleed-
ing site to allow for accurate hemostasis.
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Conclusions

The specificity of working with children lim-
its the use of most of the adult laparoscopic
devices. Surgeons should be aware of the specific
instrumentation in children. The main difficul-
ties are the limited working space, the limited
area of trocar insertion, and the relative fine
structures to deal with compared to adults. If
the surgeon is willing to reproduce the excel-
lent open surgery functional results in children,
a careful adaptation of instruments, sutures, and
techniques should be applied and modified con-
tinuously. To achieve such goals, small and short
instruments should be used. Aggressive monopo-
lar diathermy dissection should be avoided.
Reconstructive surgery such as pyeloplasty
requires specific pediatric instrumentation and
sutures to be comparable with open surgery
instruments.

Although great improvement has been
achieved in pediatric instrumentation, suturing
devices are not yet optimal and still time consum-
ing and the main limit for surgeons is to practice
the laparoscopic approach for reconstructive
surgery.

Critical Operative Steps

• Access to the retroperitoneum and creation of
the working space are the keys of success in
the retroperitoneal renal surgery.

• First trocar should be placed inside the
Gerota’s fascia behind the kidney.

• In retroperitoneal surgery, orientation is
paramount. Landmarks, i.e., psoas, kidney,
peritoneum, inferior vena cava, should be fre-
quently checked.

• A stay stitch placed at the pyeloureteral junc-
tion helps to mobilize the ureter in the axis
of the scissors and to keep traction by fixing
it to the psoas muscle to give stability and to
facilitate the suturing.

• Transperitoneal approach is more adapted for
pelvic kidney and horseshoe kidneys.

Critical Instruments and Supplies

• A purse-string suture applied around the deep
fascia to fix the first trocar and to ensure an
airtight seal and to allow traction to increase
the working space

• For pelviureteral anastomosis, a 6-0
absorbable suture with a tapered three-eighth
of the circle needle is used in conjunction with
3-mm needle holder.

• MHFE should be avoided to prevent collateral
damage.

• A 3-mm BHFE with thin blades is the per-
fect device in delicate dissection of the pelvi-
ureteral junction in children.

• Suturing device is rarely applicable in chil-
dren, as most of the surgeries are done with
3- and 5-mm trocars and instruments.
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Abbreviations

CKD chronic kidney disease
LPN laparoscopic partial nephrectomy
LRN laparoscopic radical nephrectomy
NSS nephron-sparing surgery
OPN open partial nephrectomy
PSM positive surgical margin
RCC renal cell carcinoma
WIT warm ischemia time

Epidemiology

Renal cell carcinoma (RCC) is the most com-
mon malignancy of the kidney and accounts
for approximately 3% of adult cancers [1]. The
incidence rate has steadily increased over the
last three decades, particularly among African-
Americans [2]. During 2009, it is estimated that
approximately 57,760 new cases of kidney can-
cer will be diagnosed and 12,980 people will die
of the disease in the United States [3]. With a
35% 5-year mortality, RCC is the most lethal
urological malignancy [4]. The improvement
in and increased application of cross-sectional

M.A. Vira (�)
Department of Urology, North Shore Long Island Jewish
Health System, Arthur D. Smith Institute for Urology,
Hofstra University School of Medicine, New Hyde Park,
NY, USA
e-mail: mvira@nshs.edu

imaging modalities have led to an increase in the
incidental detection of renal masses. Historically,
radical nephrectomy has been described as the
standard surgical therapy for renal masses. With
a better understanding of the heterogeneity of
tumor biology and advancement of surgical tech-
nique, treatment options have evolved to include
surveillance, ablation, and minimally invasive
nephron-sparing techniques.

Indications

In 2009, motivated by the divergence in cur-
rent clinical practice, the American Urological
Association commissioned a panel to develop
guidelines for the management of stage 1 renal
cancer [5]. The guideline thoroughly outlined
the factors surrounding the decision-making pro-
cess that clinicians and patients face when con-
fronted with the myriad of treatment options.
Several studies have now concluded that par-
tial nephrectomy provides cancer control similar
to radical nephrectomy [6]. Furthermore, partial
nephrectomy has been shown to decrease risk of
end-stage renal failure requiring renal replace-
ment therapy when compared to radical nephrec-
tomy [7–9]. Laparoscopic partial nephrectomy
(LPN) was first reported in 1993 [10, 11]. With
subsequent improvement in instrumentation and
technology, the technique has evolved and now
can be considered a laparoscopic replication of
the classic partial nephrectomy technique [12].
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Classically, absolute indications for nephron-
sparing surgery (NSS) were localized renal
mass in a solitary kidney [13], bilateral syn-
chronous renal masses, or a renal mass in
a patient with chronic renal insufficiency [6,
14]. Relative indications for partial nephrectomy
included hereditary forms of RCC such as von
Hippel–Lindau disease and hereditary papillary
renal cell carcinoma in which there is increased
risk of metachronous renal malignancies [1].
Relative indications for partial nephrectomy also
included patients at increased risk for chronic
kidney disease (CKD) secondary to hyperten-
sion or diabetes mellitus [15]. These criteria
have largely been supplanted with a generalized
recommendation that NSS should be attempted,
laparoscopically or open, for all small renal
masses unless contraindicated even with a normal
contralateral kidney.

Contraindications to partial nephrectomy
include masses with renal vein or inferior vena
cava tumor thrombus, locally advanced masses,
masses with associated lymphadenopathy, and
masses in patients with bleeding diathesis.
Previously used size limitations for NSS grad-
ually have been abolished with more reports
of oncologic efficacy [16]. Specifically, recent
reports have expanded the indications for NSS
to include tumors larger than 4 cm in carefully
selected patients [17, 18]. Simmons et al. eval-
uated LPN for tumors between 4 and 7 cm in
size and showed equivalent oncological out-
comes when compared to a similar cohort that
underwent laparoscopic radical nephrectomy
(LRN) [19]. Patients with tumor thrombus,
lymphadenopathy, metastatic disease, or stage V
CKD at surgery were excluded from the study.
Overall mortality, cancer-specific mortality, and
recurrence rates were similar after a median
follow-up of 57 months. Interestingly, there
was a significantly higher incidence of CKD in
the LRN group. These findings underscore not
only the oncologic efficacy of the treatment of
localized RCC but also the importance of NSS in
the avoidance of future CKD.

In patients with a normal contralateral kidney,
the disadvantages of partial nephrectomy includ-
ing increased risk of perioperative complications,

local recurrence, and tumor multifocality have
to be weighed against the risk of future CKD
in deciding between partial and radical nephrec-
tomy [7–9]. In a review of 878 open partial
nephrectomy (OPN) patients, the rate of opera-
tive mortality was 1%, urine leak 7%, abscess
1%, bleeding 2%, and re-operation 2% [15].
Regarding local recurrence, the incidence in par-
tial nephrectomy series has been reported to be
0–10% depending on tumor size, histology, and
stage. In tumors 4 cm or less, the local recurrence
rate is even lower at 0–3% [6]. Histologic sub-
type, i.e., papillary type 1, rather than tumor size
has proven to be the most reliable predictor of
multicentricity [20, 21].

In early studies of LPN, as the technique
was being refined, patient and tumor selection
was fairly stringent and included patients with
unifocal, small, polar, and exophytic tumors.
As the technique advanced and experience
increased, larger, hilar, endophytic, and col-
lecting system-abutting lesions were success-
fully resected laparoscopically [22]. LPN became
a viable alternative to OPN for the majority
of patients with small renal tumors. As LPN
became more widespread, several studies directly
compared LPN to OPN. LPN repeatedly was
associated with measures of lower morbidity.
These include decreased narcotic requirements,
improved cosmesis, earlier resumption of diet,
shorter hospitalization, earlier return to work,
and lower expense [23, 24]. However, several
studies have reported increased complications
with LPN. In a large series from the Cleveland
Clinic, LPN was associated with a shorter surgi-
cal time and lower blood loss but longer warm
ischemia (27.8 min versus 17.5 min) and higher
rate of intraoperative complications (5% versus
0%) when compared to OPN [25]. Similarly, in
a multi-center comparison of 771 LPN to 1028
OPN, LPN was associated with longer ischemic
time and increased postoperative complications
(especially urological) while again demonstrating
its benefits of shorter operative time, decreased
blood loss, and shorter hospital stays [26]. These
retrospective studies are undoubtedly affected by
a certain element of selection bias in that the
early experience with LPN (i.e., learning curve)
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is included in the comparison. Nevertheless, the
advantages of lower blood loss, shorter hospi-
talization, and earlier convalescence are evident.
Prospective randomized trials are lacking and
understandingly difficult to conduct.

Ultimately, a well-informed decision about the
treatment choice is based on a good understand-
ing of the risks and benefits of the treatment alter-
natives. In most stage 1 renal tumors, alternatives
to LPN include OPN, laparoscopic or open rad-
ical nephrectomy, percutaneous or laparoscopic
thermal ablation, and observation [5]. For each
of these options, surgeon and center experience
and patient selection have a significant effect on
short-term and long-term outcomes.

Preoperative Preparation

Adequate preoperative imaging is crucial to
map out a successful approach for every LPN.
A contrast-enhanced CT or MRI is essential
for planning. Three-dimensional rendering is
optional with some reports of additional ben-
efit [27]. Metastases, lymphadenopathy, tumor
thrombus, and metachronous lesions should be
excluded. Tumor size, location, and relationship
to the collecting system dictate the actual resec-
tion, while body habitus and vascular and collect-
ing system anatomy dictate the approach and port
placement. In addition to preoperative imaging,
intraoperative ultrasound should always be uti-

lized in confirming the location of the tumor and
delineation of the extent of endophytic lesion
resection.

Given that at least 20% of incidentally dis-
covered small renal masses represent benign
lesions, a renewed interest in percutaneous
biopsy has been expressed in recent years.
Traditionally, high rate of false-negative and non-
diagnostic results rendered the biopsy power-
less in preventing surgical resection for small
renal masses [28]. However, improvement in
biopsy accuracy and diagnostic methods have
popularized percutaneous renal biopsy, particu-
larly in patients contemplating active surveillance
or suspected of harboring metastases from other
organs or lymphoma [29].

Technique

The authors prefer a magnesium citrate bowel
prep 1 day prior to surgery. Preoperative antibi-
otics are administered intravenously. Sequential
lower extremity compression boots and an oro-
gastric tube are used. Placement of a ureteral
catheter for intraoperative retrograde injection of
dyed saline to identify collecting system entry
is rarely needed and reserved for central deep
tumors. The patient is secured to the operating
table at a 45◦ angle over a gel chest roll with the
ipsilateral arm padded and flexed over the chest
(Fig. 4.1). Once the patient is adequately secured,

a b

Fig. 4.1 (a, b) Patient Position. The patient is secured to the operating table at a 45◦ angle over a gel chest roll with
the ipsilateral arm padded and flexed over the chest
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the operating room table can be rotated to full tilt
on the contralateral side to maximize exposure to
the renal fossa.

A transperitoneal approach is preferred. While
some centers advocate a retroperitoneoscopic
approach for posterior or posterolateral tumors
[30], we reserve this approach for patients who
have had multiple prior abdominal surgeries.
Abdominal insufflation is achieved with a Veress
needle puncture through the umbilicus or in the
ipsilateral upper quadrant (two finger breadths
below costal margin). Most procedures are com-
pleted using three trocars. A 10-mm laparoscope
port is placed periumbilically. Working ports are
placed in the sub-xiphoid space and in the ipsi-
lateral mid-axillary line at the level of the umbili-
cus. Port placement can be shifted cephalad and
lateral for upper pole or posterior tumors and for
overweight and obese patients. Regardless of the
location, ports should be at least 8–10 cm apart
with an angle of at least 90◦ (Fig. 4.2).

Fig. 4.2 Trocar Positioning. Regardless of exact position
of the trocars, they should be at least 8–10 cm apart and at
an angle of ≥90◦

A combination of monopolar hot shears, atrau-
matic grasper, suction irrigator, and the LigaSure
Atlas sealer/divider (ValleyLab, Boulder, CO) is
used for dissection. After inspecting the bowel for
inadvertent injury during trocar placement, the
small bowel is mobilized medially to expose the
white line of Toldt. The white line is then incised
from the inferior margin of the kidney around
the splenic or the hepatic reflection. The colon is
reflected medially to expose Gerota’s fascia and
the renal hilum. On the left side, lienorenal and

lateral splenic ligaments are divided to medially
reflect the spleen, splenic flexure, and pancreas en
bloc. On the right side, the duodenum is sharply
released from the renal hilum and inferior vena
cava with care taken to avoid the use of thermal
dissection.

The ureter is then isolated medial to the lower
pole and the gonadal vein is identified. The
mass is localized and exposed by correlating with
preoperative imaging and with the aid of intra-
operative ultrasonography using a laparoscopic
flexible 7-MHz probe. The renal capsule over-
lying the resection site is circumscribed using
monopolar cautery while preserving the perirenal
fat overlying the tumor. If the renal hilum is to
be clamped, the vascular anatomy is delineated
and the vessels are dissected carefully. A bulldog
clamp is applied to each vessel separately, or a
laparoscopic Satinsky clamp is applied through
a separate stab incision, so as not to occupy a
working port (Fig. 4.3).

Fig. 4.3 Bulldog clamps are applied to the artery and vein
separately for total hilar occlusion during resection of the
tumor

A combination of sharp and thermal dissec-
tion is used to excise the tumor with a small
margin of normal parenchyma. Visualized perfo-
rating vessels can be ligated with a clip applier
during the dissection. Collecting system entry
is repaired using a polyglactin suture, although
in the authors’ experience, this step may not
be necessary for minor violations. A biopsy of
the base of the cortical defect is sent for frozen
section to ensure complete resection. The defect
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is then fulgurated using an argon beam coag-
ulator (Conmed, Utica, NY). The renorrhaphy
is performed using 2-0 polyglactin suture on a
CT-1 (GS-21) needle with a Lapra-Ty (Ethicon
Endo-Surgery, Cincinnati, OH) knotted at the
end. This can be performed in a running fashion,
but several sutures might be needed depending on
the defect size. The use of a Surgicel (Johnson
and Johnson; New Brunswick, NJ) bolster and
hemostatic sealants is optional but may not be
necessary (Fig. 4.4) [31].

a

b

Fig. 4.4 (a) Renal defect after resection of 4.5 cm
renal mass. (b) Renorraphy using suture ligation and re-
approximation of capsular edges. Lapra-Ty adapters are
used to secure sutures

After hilar unclamping, hemostasis is con-
firmed by lowering the intraperitoneal pressure
to less than 10 mmHg. The tumor is placed in
an entrapment bag and extracted via an extension
of the periumbilical incision or a separate lower
midline incision. Fascial defects of port sites that
are 10 mm or larger should be closed using a
wound closure device and a polyglactin suture.
An external drain is left posterior to the kidney if
collecting system entry is suspected. If a ureteral
catheter is placed, it is removed at the conclusion
of the procedure.

Special Considerations

Hilar Control

To perform an adequate resection during LPN,
hilar control is often necessary to achieve a
bloodless operative field. The primary concern
with hilar occlusion is renal injury secondary
to warm ischemia. In the largest comparative
study to date, renal functional outcomes at 3
months postoperatively were similar in LPN and
OPN, with 97.9 and 99.6% of operated upon
renal units retaining function [26]. Hilar dissec-
tion and clamping (and resultant warm ischemia)
can be safely avoided for smaller, exophytic,
polar lesions [32]. Recently, an alternative to
hilar clamping has been reported. The renal
parenchyma can be clamped directly using a
Satinsky clamp or other device with regional
ischemia resulting in similar success rates [33,
34]. These alternatives, however, are not feasible
for hilar or central lesions.

While the potentially harmful effects of vascu-
lar occlusion, including reperfusion injury after
unclamping, are best avoided by resection under
full perfusion, to approach larger, deeper, and
more central tumors, hilar control is necessary.
Intraoperative hemorrhage is decreased facili-
tating a more accurate dissection and deliber-
ate reconstruction [35]. Laparoscopic bulldog
clamps (Aesculap, Center Valley, PA) are the
most widely used instruments to temporarily
occlude the renal vessels. Bulldog clamps allow
selective clamping of the main renal artery or,
if preferred, individual polar branches (thereby
reducing the effect of warm ischemia to the
remainder of the kidney). Unlike the laparoscopic
Satinsky clamp, after being applied, the clamps
no longer occupy a working port. Care must be
taken to avoid dislodgement from the applica-
tor during removal of the clamps, as they can
be easily lost in the peritoneal cavity, especially
given the angled position of the patient. Another
option of clamping the renal vessels laparoscopi-
cally is the use of a laparoscopic Satinsky clamp
(Aesculap, Center Valley, PA), which allows en
bloc clamping of the entire renal hilum. Use of
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a Satinsky obviates the need for unnecessary dis-
section of individual hilar vessels but can occupy
an additional port or require a separate stab
incision.

The deleterious effects of warm ischemia have
been well documented [36]. Prolonged periods of
ischemia result in acute tubular necrosis and renal
failure. Intravenous mannitol (12.5 gm) is often
administered prior to clamping for its protective
effects. Mannitol is a free radical scavenger
that decreases intracellular edema, decreases
intra-renal vascular resistance, increases blood
flow and glomerular filtration rate of superficial
nephrons, and causes an osmotic diuresis [37,
38]. In addition, furosemide can be administered
after unclamping to promote diuresis.

One approach to minimizing ischemic injury is
to decrease warm ischemia time (WIT). Several
surgeons have reported early unclamping of
the vessels prior to a bolstering renorrhaphy
with significant improvement in WIT over
traditional techniques [39, 40]. WIT can also be
reduced using on-demand clamping. This tech-
nique involves a full dissection of the hilum
but involves clamping only if excessive bleeding
occurs during the tumor resection [41]. This tech-
nique, however, is associated with a higher trans-
fusion rate and higher potential for intraopera-
tive complications. Another approach to reducing
ischemic injury is to clamp only the artery. Early
animal models of open partial nephrectomy did
demonstrate a favorable effect with artery-only
clamping, but this benefit has not been replicated
in LPN [42]. The lack of benefit may be due to
the passive venous occlusion as a result of the
pneumoperitoneum.

Thirty minutes of warm ischemia has been
arbitrarily designated as the safe WIT in LPN.
While there is no absolute cutoff for WIT, it is
generally accepted that length of WIT correlates
with an increased risk and severity of renal dys-
function. Bhayani et al. [36] compared WIT
less than and more than 30 min in a cohort of
patients who underwent LPN. Median postop-
erative serum creatinine showed no significant
change, and none of the 118 patients devel-
oped renal insufficiency. Porpiglia et al. reported
similar results [43]. In their study, glomeru-
lar filtration rate (GFR) was not significantly

different 3 months after LPN with warm ischemia
of more than 30 min in 18 patients. Notably, in
both studies, the vast majority of patients had a
normal contralateral kidney. Patients with renal
insufficiency, hypertension, or diabetes mellitus
do not tolerate warm ischemia well and may be
more susceptible to ischemic injury when WIT
exceeds 30 min.

While the effects of WIT seem transient,
the long-term effects are still uncertain. Efforts
to minimize warm ischemia are important but
should not jeopardize cancer control, hemostasis,
or collecting system closure. In particular, when
more complex renal lesions are approached and
the surgeon feels that the ischemic time to resect
and reconstruct the kidney will be longer than
30 min, cold ischemia techniques should be con-
templated. Gill et al. described a laparoscopic ice
slush technique that replicates techniques used
in OPN. Slush is introduced through a separate
trocar into a 12-mm entrapment bag into which
the mobilized kidney is placed after the renal
hilum is clamped using a laparoscopic Satinsky
clamp [44]. Alternatively, cold saline irrigation
through a 7-Fr ureteral catheter was described by
Guillonneau et al. [45]. This technique also iden-
tified the open collecting system by visualization
of saline outflow. Postoperative creatinine was
higher in the cold ischemia group when compared
to the control group (1.45 versus 1.26 mg/dl), but
this was not statistically significant. A more inva-
sive method of cold ischemia was described by
Janetschek et al. [46]. An angiocatheter inserted
through a percutaneous femoral puncture was
advanced under fluoroscopic guidance to the
renal artery. Following a mannitol infusion, the
renal artery was clamped. The angiocatheter was
then infused with a cold Ringer’s lactate and
mannitol solution during the resection. While this
technique may have a renal protective effect, it is
not without its risks [47].

Hemostasis

Several techniques have been described to
achieve hemostasis in the nephrotomy defect. The
first is by using a bipolar coagulation forceps



4 Adult Laparoscopic Partial Nephrectomy for Renal Cell Carcinoma 49

[48]. This technique allows simultaneous dis-
section and hemostasis. The argon beam coag-
ulator is also a favored device for fulguration
of the nephrotomy defect, albeit with a very
shallow depth of penetration. In addition to
the cost and non-availability in some centers,
one disadvantage is a sudden rise of peritoneal
pressure, which can lead to pneumothorax. This
risk can be mostly avoided by passive venting of
insufflation gas during coagulation [48].

A wide variety of hemostatic agents and tis-
sue sealants have been used in LPN to aid in
hemostasis and help reduce urine leakage [49].
These agents include fibrin gel or Tisseel (Baxter,
Deerfield, IL), thrombin gelatin matrix or FloSeal
(Baxter, Deerfield, IL), bovine serum albumin or
BioGlue (Cryolife, Kennesaw, GA), and oxidized
regenerated methylcellulose or Surgicel (Johnson
and Johnson, New Brunswick, NJ). No single
agent has proved superior, but each complements
a sutured renorrhaphy; therefore, the choice of
hemostatic agent depends on surgeon’s prefer-
ence. A retrospective survey of 18 centers with
1,347 cases of LPN found that 16 centers used
hemostatic agents in addition to performing con-
comitant suturing of the nephrotomy bed [31].
While these hemostatic agents are useful, the key
to successful hemostasis is an adequate suture
renorrhaphy. Johnston et al. [32] compared fib-
rin glue alone to sutured bolster repair of the
collecting system and reported a 41% incidence
of postoperative hemorrhage or urinary leakage
after fibrin glue compared to 11% when sutured
bolsters were used. Overall rates of hemorrhage
and urine leakage after LPN are low with a suture
renorraphy and the use of hemostatic agents and
tissue sealants has not been proven to reduce
these rates.

Dissectors

The choice of dissecting instrument has been
governed largely by surgeon’s preference. Tumor
resection has traditionally been performed using
a combination of sharp and blunt non-thermal
dissection. While it was widely accepted that a
non-thermal dissection is required for accurate

assessment of tumor margin status, this notion
was challenged by Phillips et al. [50]. Despite
some degree of cellular damage, pathologic eval-
uation of margin status was unhindered after
dissection using bipolar and ultrasonic instru-
ments. In light of these findings, portions, if not
the entire dissection, can be performed using
a Harmonic Scalpel (Ethicon Endo-Surgery;
Cincinnati, OH) or a LigaSure device.

A device used with success in liver resections,
the Habib probe (AngioDynamics; Queensbury,
NY) was evaluated for safety in LPN by
Andonian et al. [51] in a pilot study. This four-
pronged bipolar radio frequency device ablates
a hemostatic plane around the planned dissec-
tion plane. The TissueLink (TissueLink Medical;
Dover, NH), a saline-coupled radio frequency
tool was evaluated by several authors in LPN
[52–54]. This device transmits energy from a
standard electrosurgical generator through con-
ductive fluid to produce a virtually bloodless
dissection. The device likely has not enjoyed
widespread use because of its cost and higher
depth of penetration (4–7 mm) with potential
for excessive damage to remaining normal renal
parenchyma.

Outcomes

Positive Margins

Margin status at the time of surgery is an impor-
tant early surrogate for adequacy of resection
during LPN. As compared to OPN with cold
ischemia, the luxury of awaiting the result of
a frozen section prior to renorrhaphy and hilar
unclampling is not afforded by the constraints
of WIT. A positive surgical margin (PSM) often
requires taking down the renorrhaphy and likely
either re-clamping of the vessels or an open con-
version to accomplish a deeper resection. In cases
of extensive PSM, a completion nephrectomy
may be considered.

In the current experience of LPN, the over-
all incidence of PSM is low. In a retrospective
multi-institutional survey of 17 centers in the
United States and Europe, the PSM rate on frozen
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section was 2.4% [55]. Out of 21 cases of PSM,
14 underwent immediate radical nephrectomy
and the rest were followed. In a multi-center
study of 511 patients who underwent LPN, 9
patients (1.8%) were found to have a PSM [56].
Two underwent complete radical nephrectomy
revealing no residual tumor. Of the seven patients
followed conservatively, one patient with VHL
died of metastatic RCC 10 months postoper-
atively and the remaining six patients were
disease-free at a median follow-up of 32 months.
Similarly, other surgeons have advocated that
patients found to have a microscopic PSM fol-
lowing resection can be followed with vigilant
observation and frequently spaced axial imaging
to help detect early evidence of recurrence [57].

Tumor Spillage and Port Site
Metastasis

Laparoscopic port site metastasis is defined as
recurrent malignant lesions developing at trocar
sites, without evidence of peritoneal carcino-
matosis [58]. In a retrospective review of over
1,000 laparoscopic cases, only two cases (0.18%)
of port site metastases were reported, suggest-
ing that it is a rare event [59]. There are five
reported cases of port site metastasis after LRN
[60]. The first case of port site metastasis after
LPN was reported recently [58]. Schneider et al.
[61] evaluated surgical measures to reduce port
site metastasis in a porcine model. These mea-
sures included making smaller skin incisions,
securing trocars to prevent dislodgement and gas
leak, using sterile water or heparin-supplemented
irrigant to irrigate the field and wounds, and using
entrapment bags for specimen retrieval. In this
animal model, these measures reduced recurrence
from 63.8 to 13.8%.

Recurrence and Survival

Overall cancer-specific survival rates in patients
with localized RCC are 91% at 5 years and 80%

at 10 and 20 years. In an aggregate review of
1,800 patients who had undergone LPN, cancer-
specific survival exceeded 90% after a mean
follow-up of 3 years (range of 2–6 years) [26].
The risk of local recurrence was found to be
0–10% and was lowest for patients who under-
went nephron-sparing surgery for lesions of ≤
4 cm [6]. Negative predictors of survival include
high tumor grade, high tumor stage, bilateral dis-
ease, and tumors greater than 4 cm [62]. Location
of the tumor (central versus peripheral; endo-
phytic versus exophytic) is a significant technical
consideration for nephron-sparing surgery but is
not a significant prognosticator of cancer-specific
outcomes [63].

Complications

In addition to general complications that are
possible with laparoscopic abdominal surgery,
LPN has an added risk of complications in the
short and intermediate postoperative period [64].
Complications most notable to LPN are hem-
orrhage and urinary fistula development. In a
review of 878 patients, the rate of operative mor-
tality was 1%, urinary fistula 7%, abscess 1%,
bleeding 2%, and re-operation 2% [15]. Simmons
and Gill [22] found an overall complication rate
of 19%, of which 71% were minor. The com-
plications included a 4.5% rate of bleeding and
2% rate of urinary fistula development. An inter-
national survey of 1,347 LPNs revealed a 2.7%
incidence of hemorrhage requiring a blood trans-
fusion and a 1.9% incidence of urinary fistula
[31].

Rates of urinary fistula development vary
across the literature, but intuitively, the incidence
correlates with depth of tumor involvement and
resection [65]. Urinary fistula is initially man-
aged conservatively with external drainage. If
leakage persists, a ureteral stent or nephrostomy
tube can be placed to allow for urinary diver-
sion. Rarely are other interventions necessary for
persistent urinary leaks [66]. Investigating tech-
niques for prevention of urinary leaks have not
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yielded unequivocal results. While deep corti-
cal suturing of collecting system entry points
can help accelerate closure, they risk excluding
calyces and damaging interstitial vessels that can
lead to arteriovenous malformations [67, 68].

Intraoperative conversion to an open proce-
dure can be as high as 4.32% [69]. Common
causes for conversion include vascular injuries
and concerns about margins. Certain tumor char-
acteristics strongly correlate with the risk of
technical complications in some series. Patients
with a functionally solitary kidney, bilateral
lesions, and large or centrally located tumors
posed an increased risk for complications [70]. A
shift in the management of postoperative hemor-
rhage in the absence of hemodynamic instability
has been observed toward percutaneous angio-
embolization.

Future Directions

As more centers adopt minimally invasive tech-
niques for renal surgery, the volume of data avail-
able for meaningful analyses grows and matures.
Critical analysis, with emphasis on prospec-
tive and balanced data, is critical for continued
improvement in care. The recently published
AUA Guideline will help drive the push for
NSS for localized tumors and help reduce the
incidence of CKD due to surgery for RCC. As
new techniques are developed, we expect the
emphasis on reducing invasiveness to parallel
the emphasis on oncological outcomes in the
next few years. Robotic and laparoendoscopic
single-site techniques have been described and
explored by various centers, and time will tell
whether they will have a place in the treatment
armamentarium [71].

Summary

LPN is a technically challenging procedure that
is feasible and safe. Short and intermediate out-
comes are excellent and comparable to classical
approaches. Having equivalent outcomes and

improved recovery will aid in further spread
and development of LPN techniques. Research
into techniques to further preserve precious renal
function is needed as an aging population with
prevalent risk factors continues to have a rising
incidence of RCC.

Critical Operative Steps

1. Adequately pad and secure patient to the
operating table.

2. Place ports at least 8 cm apart and shift
cephalad and lateral if necessary.

3. Expose ureter, renal hilum, and tumor while
preserving fat overlying tumor.

4. Circumscribe resection line after intraopera-
tive ultrasound.

5. Clamp hilum using individual bulldogs or
laparoscopic Satinsky.

6. Resect tumor with sharp and blunt dissec-
tion.

7. Biopsy base of tumor for frozen section.
8. Perform renorrhaphy with or without bolster

and sealants.
9. Place drain posterior to the kidney or resec-

tion site.
10. Extract tumor in entrapment sac.

Critical Instruments and Supplies

1. Ligasure Atlas (ValleyLab, LS1037)
2. Ultrasound unit with laparoscopic 7-MHz

probe
3. Laparoscopic Satinsky (e.g., Aesculap,

PM177R)
4. Laparoscopic bulldog clamps and applicator

(e.g., Aesculap, PL526R)
5. Argon beam coagulator (e.g., Conmed,

E2520H)
6. Needle drivers (e.g., Karl Storz, 26173 KL)
7. Lapra-Ty and applier (Ethicon, ESXC200, and

KA200)
8. Surgicel (Johnson & Johnson, ET1951)
9. Entrapment sac (e.g., Covidien, 173050G)
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Chapter 5

Adult Robotic-Assisted Partial Nephrectomy for Renal
Cell Carcinoma

Ronald S. Boris and Peter A. Pinto

This chapter contains a video segment which can be found at the
URL: http://www.springerimages.com/ost

Historical Overview

The introduction of robotic surgery has revolu-
tionized the treatment of urologic malignancy.
Initially established for radical prostatectomy,
robotic techniques are now being applied in
the management of renal cancer. The feasibility
and safety of robotic-assisted partial nephrec-
tomy (RAPN) has been demonstrated in several
small, single-institution studies [1–10]. Recently
this technique has been applied successfully in
patients with hilar, endophytic, and multiple renal
masses [8–10]. Features of the da Vinci Surgical
System (Intuitive Surgical Corp., Sunnyvale,
California, USA) include 3D vision, articulat-
ing instruments, and motion scaling to reduce
tremor. These amenities may allow the surgeon
the ability to replicate established “open” maneu-
vers and allow for complex tumor extirpation
and renal reconstruction which is challenging
in a pure laparoscopic manner. A list of poten-
tial advantages and disadvantages of robotic-
assisted partial nephrectomy is described in
Table 5.1.

P.A. Pinto (�)
Urologic Oncology Branch, National Cancer Institute,
Bethesda, MD, USA
e-mail: pintop@mail.nih.gov

In 2008 in the United States, there were more
than 55,000 new cases of renal cell cancer and
over 13,000 deaths [11]. As the overall incidence
of RCC continues to rise, the greatest increase
has occurred in small, localized tumors, which
represent up to 66% of all renal masses [12].
Historically, the gold standard for patients with
kidney cancer has been radical nephrectomy.
Today, data have shown that in select patients,
cancer outcomes for partial nephrectomy are
equivalent to those of radical nephrectomy [13,
14]. Once considered treatment of choice only in
patients with solitary kidneys or preexisting renal
insufficiency, nephron-sparing surgery or partial
nephrectomy is now emerging as the standard of
care for patients with T1a tumors. Recent publi-
cations also support extending the role of partial
nephrectomy to select patients with T1b tumors
or multifocal disease [15, 16]. Important con-
siderations for partial nephrectomy include the
presence of benign lesions among T1a masses
and the association of chronic kidney disease as
an independent risk factor for cardiovascular dis-
ease, hospitalization, and all-cause mortality [17,
18]. These findings underscore the importance of
nephron-sparing surgery in patients with small
renal masses. Robotic-assisted partial nephrec-
tomy upholds three critical principles in the surgi-
cal management of renal malignancy: oncologic
efficacy, renal preservation, and early convales-
cence.

55M.C. Ost (ed.), Robotic and Laparoscopic Reconstructive Surgery in Children and Adults,
Current Clinical Urology, DOI 10.1007/978-1-60327-914-7_5, © Springer Science+Business Media, LLC 2011
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Table 5.1 Potential advantages and disadvantages of robotic-assisted surgery compared with conventional
laparoscopic surgery

Features specific to robotic-assisted surgery Potential advantages/disadvantages

3D vision, motion scaling, and tremor elimination
to allow more exact movements

Advantage

Six degrees of freedom of wristed instruments
to improve tumor excision and aid in complex
suturing and renal reconstruction

Advantage

Improved surgeon’s comfort, especially important
during long and complex cases

Advantage

May improve the learning curve of minimally invasive
partial nephrectomy for novice laparoscopic surgeons

Advantage

Increased cost Disadvantage
Absence of haptic feedback Disadvantage
Need for a bedside assistant experienced in laparoscopy Disadvantage

Indications and Contraindications

Patient selection is critical for the success of
robotic-assisted partial nephrectomy, especially
early in one’s experience. Favorable tumors
include exophytic, well-circumscribed lesions
that are less than 4 cm. Recent literature has
demonstrated the feasibility of robotic surgery
for larger, deeper tumors that are hilar in their
location as well as for multiple tumors in the
hereditary renal population [9, 10]. However,
these complex cases should be undertaken by an
experienced team after completion of the initial
learning curve has been met.

Because robotic surgery is a laparoscopic
procedure, similar preoperative considerations
should be taken into account prior to obtaining
surgical consent. As with open partial nephrec-
tomy, patients must be candidates to receive
general anesthesia [19]. Severe pulmonary or car-
diac disease may compromise the safety of the
pneumoperitoneum, which can compromise ven-
tilation and limit venous return [20, 21]. Prior
abdominal surgery may limit access to necessary
structures and impair critical surgical dissection
as well as require laparoscopic lysis of adhe-
sions, which can increase operative time and
risk of visceral injury [22]. Obesity, although
not a contraindication to laparoscopy or robotic-
assisted surgery, has been shown to increase
operative times, pulmonary and wound-related
complications, and risk of rhabdomyolysis [23,

24]. However, the safety and efficacy of mini-
mally invasive partial nephrectomy in the obese
patient has been established [25]. Operating at
lower insufflation pressures, using an alternative
to carbon dioxide as an insufflant, or perform-
ing surgery through a retroperitoneal approach
may be potential ways to minimize some of the
hazards in higher risk patients [26].

Patient Preparation

All patients at our institution undergoing robotic-
assisted partial nephrectomy obtain blood work
including electrolyte chemistry, BUN and crea-
tinine, complete blood count, basic coagulation
profile, and a type and screen prior to surgery.
Cross-matched blood may be reserved at the
surgeon’s discretion. All patients undergo ade-
quate renal imaging including either an abdom-
inal computed tomography (CT) or a magnetic
resonance imaging (MRI). Imaging of the renal
vasculature and three-dimensional reconstruc-
tion may be of assistance in certain cases. An
electrocardiogram and chest radiograph may be
obtained prior to surgery as indicated. Further
medical clearance or additional blood work can
be obtained on a case-by-case basis accord-
ing to the patient’s history and physical exam.
We typically administer a bowel prep in all
of our patients undergoing abdominal surgery
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but this may be left to the surgeon’s prefer-
ence. However, we strongly encourage bowel
prep in obese patients and patients with prior
abdominal surgery in whom lysis of adhesions
may be anticipated. Intravenous antibiotic should
be administered in the preoperative holding
area to ensure delivery before the initial skin
incision.

Ureteral Catheter Placement
and Patient Positioning

Pneumatic compression stockings are placed on
each calf prior to the induction of general anes-
thesia. A 5-Fr open-ended ureteral catheter is
placed over a guidewire via a flexible cystoscope
if extensive collecting system reconstruction is
anticipated. The ureteral catheter is then con-
nected to a syringe of methylene blue solution
that can be accessed by the circulating nurse dur-
ing the case. A 16-Fr Foley catheter is used in all
cases.

The patient is then turned onto the table in
a modified lateral decubitus position similar to
positioning for laparoscopic transperitoneal flank
procedures. We place a thin long gel pad on the
operating room table prior to positioning and do
not use beanbags or other stabilizing devices.
The patient is shifted to the center of the table
with his/her flank over the break. Two large jelly
rolls are used for support of the neck, back,
and hips as the body lays comfortably at about
30–45◦ tilt. The lower leg is placed in a bent
knee position and the upper leg remains naturally
straight. Pillows are placed between the legs lon-
gitudinally and all pressure points are sufficiently
padded and supported.

A small axillary roll is properly placed.
Anesthesia assists in obtaining a comfortable
height and position for the patient’s head and
neck. A traditional arm rest is used to secure
the down (contralateral) arm roughly perpendic-
ular from the patient’s body. The chest, hips, and
legs are padded and taped safely and securely to
the operating room table. The table is flexed to

the minimum angle that adequately opens up the
flank to maximize operating space. A vascular
arm rest is secured to the table and positioned to
allow the ipsilateral shoulder and arm to rest com-
fortably without tension at a minimal distance
above the patient’s chest. This will avoid any
stretch injuries to the arm or the shoulder while
allowing the robot arms to be safely docked and
function without collision. The arm is secured
using a Kerlix wrap and tape. Anterior and pos-
terior views of standard patient positioning for
transperitoneal robotic-assisted partial nephrec-
tomy are demonstrated in Fig. 5.1 a, b. A photo of
a patient positioned in preparation for right-sided
surgery is seen in Fig. 5.2. It is important to note
the position of the ipsilateral arm when the robot
is docked, as it is in close proximity to the robotic
instruments. The arm needs to be far enough
cephalad to prevent limiting the range of motion
of the subcostal robotic arm. When perform-
ing robotic-assisted partial nephrectomy using

Fig. 5.1 Patient positioning for robotic-assisted partial
nephrectomy: (a) anterior view; (b) posterior view
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Fig. 5.2 Photo of patient properly positioned and padded
in preparation for right-sided robotic-assisted partial
nephrectomy

a retroperitoneal approach, the patient should
be placed and supported in true flank position.
Retroperitoneal access is obtained using standard
retroperitoneoscopic technique and the robot is
then docked over the head and the ipsilateral
shoulder. With either approach, the safety of the
patient’s position is tested by rotating the table
in either direction ensuring that he/she is well
secured and protected.

Access, Port Placement, Robot
Docking

Pneumoperitoneum is created using the Veress
needle technique. The safety of this technique
with optical trocar entry, even in patients with
previous abdominal surgery, has been docu-
mented [27]. A Hassan technique may be used at
the discretion of the surgeon. The first port placed
is the 10/12-mm camera port placed under vision
over a 0◦ 10-mm laparoscope. Once entry into
the peritoneum is achieved, a 30◦ laparoscopic
camera is exchanged prior to placement of the
remainder of the ports. Diagnostic laparoscopy
is performed to assess for distant disease. Port
placement diagrams for both left- and right-
sided approaches are displayed in Fig. 5.3a,
b. A photograph of our port placement for a

Fig. 5.3 Diagrams of port placement for robotic-assisted
partial nephrectomy: (a) left side template; (b) right-side
template. ∗ additional 5-mm port for liver retraction

Fig. 5.4 Photo of port placement for right-sided robotic-
assisted partial nephrectomy

standard right-sided robotic partial nephrectomy
is demonstrated in Fig. 5.4. For larger, deeper
patients or patients with primarily upper pole
lesions, the ports should be shifted cephalad and
medially. An additional 5-mm port is placed for
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right-sided cases to allow fixed retraction of the
liver. Although this may not always be necessary,
we advocate placing this port initially since plac-
ing ports under vision once the robot is docked
can be challenging and cumbersome.

We use a three-arm approach and the standard
system at our center for robotic-assisted partial
nephrectomy. A four-arm approach with the da
Vinci S R© has been advocated by some surgeons
for assistance with retraction, renal position-
ing, and clip application [28]. The robot is then
docked over the ipsilateral shoulder aligned such

Fig. 5.5 Photo of robot docked in preparation for right-
sided partial nephrectomy

that the robot center point or “sweet spot” is
directed toward the camera port and the renal
hilum. An example of proper robot docking is
viewed in Fig. 5.5. Depending on the anatomy,
either a 0◦ or a 30◦ downward lens can be used.
We typically begin with a 30◦ downward lens in
most instances. The pneumoperitoneum is typi-
cally set at 20 mmHg to start the case and lowered
to 15 mmHg once all the ports are placed. The
right robot arm is seated with a monopolar hot
shears and the left arm is seated with a Maryland
bipolar instrument for the initial dissection. The
monopolar heat is typically set to 30 Hz and
the bipolar set to 30 Hz. The bedside assistant
stands or sits on the side opposite to the docked
robot and the vision system is usually placed
at the foot of the bed at a comfortable distance
from the assistant. A bird’s-eye view of the oper-
ating room setup demonstrating orientation and
position of patient, surgeon, assistant, anesthesi-
ologist, and robot is shown in Fig. 5.6. The role
of the bedside assistant is to provide a variety of
maneuvers throughout the case: retraction, suc-
tioning, placement, and/or removal of lap pads,
clips, bulldog or Satinsky clamps, sutures and
needle, and hemostatic agents. An open tray is
always present in the room in case of the need
for conversion.

Fig. 5.6 Bird’s-eye view of operating room setup for robotic-assisted partial nephrectomy
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Bowel Mobilization and Hilar
Dissection

Some have reported a hybrid technique of laparo-
scopic bowel and renal mobilization followed
by robotic assistance for just the tumor extir-
pation and renorrhaphy. In our institution, we
utilize the advantages of the da Vinci robotic sys-
tem for the entire case. The overlying colon is
identified and mobilized robotically by incising
the white line of Toldt sharply and identifying
the plane between the posterior mesocolon and
the anterior Gerota’s fascia (Fig. 5.7). Careful
identification of this boundary is paramount to
enter into the correct avascular, anatomic space.
This maneuver may be aided with downward and
medial retraction by the bedside assistant to help
expose the correct layer. The triangular ligament
in divided and the liver is freed laterally from its
attachments to the side wall. A fixed liver retrac-
tor can be used once the liver is mobilized to
improve exposure of the upper pole of the kid-
ney, adrenal gland, and supra-hilar vena cava.
For a right-sided procedure the duodenum is then
identified and Kocherized to expose the inferior
vena cava (Fig. 5.8). This can be safely performed
without cautery by carefully lifting Gerota’s fat
with the left hand while sharply incising duo-
denal attachments with the scissors in the right
hand. This maneuver should allow the duode-
num to drop away medially as the IVC comes
into view. The assistant can sometimes facili-
tate this with careful downward sweeps using

a laparoscopic suction device once all attach-
ments are meticulously incised by the console
surgeon.

For a left-sided procedure it is imperative to
perform complete splenic mobilization to maxi-
mize hilar exposure and operative working space.
This is performed following left-sided colon
mobilization by first identifying splenic sidewall
attachments, which can be incised sharply. Be
mindful of using cautery near the diaphragm
because inadvertent pleural space entry can
occur here. Dividing the splenorenal attachments
is typically performed using sequential bipolar
cautery with the left hand and sharp monopo-
lar scissors using the right hand. The diaphragm
should become visible as these attachments are
divided. This dissection will allow proper mobi-
lization of the spleen and pancreas away from
the operative field and will facilitate subse-
quent steps of the operation. If visibility remains
obscured even after performing these steps, one
or two laparotomy pads can be passed into the
abdomen through a 12-mm port and positioned
to pack the spleen and pancreas away from the
kidney.

The next step is hilar identification and pos-
terior renal dissection. We typically begin this
by identifying the ureter and gonadal vessels,
which are easily seen at the lower pole of the kid-
ney. The robotic surgeon enters a plane between
these structures and the psoas muscle to enter and
sweep this posterior plane (Fig. 5.9). The dissec-
tion proceeds cranially until the lower border of
the renal vein is seen. For left-sided procedures

Fig. 5.7 Colon mobilization
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Fig. 5.8 Kocherization of duodenum

Fig. 5.9 Identification of ureter and renal hilum with dissection of posterior kidney

this can be facilitated by tracing the course of the
gonadal vein to its entry point into renal vein. It
may be necessary to ligate and divide the lumbar
vein to expose the left renal hilum. Careful iden-
tification of the renal artery is then performed.
Adequate space caudal and cranial to the renal
hilum is created to allow placement of the bulldog
clamps or laparoscopic Satinsky clamp.

Renal Mobilization, Tumor
Identification, and Exposure

A number of factors will determine the amount of
kidney mobilization required to perform robotic-
assisted partial nephrectomy including tumor
location, number, size, as well as the patient’s
prior surgical history and overall anatomy. The
goal of renal dissection is to ensure adequate
vision and maneuverability with the robot around

key areas of anatomic interest including the
renal hilum, the exposed renal tumor, and sur-
rounding renal parenchyma, prior to the start
of warm ischemia. In our experience, patients
with posterior tumors, upper pole tumors, and
multiple tumors require complete renal mobiliza-
tion so that the kidney is entirely freed from
its upper, lateral, and inferior poles as well
as its adrenal attachments. This should allow
the posterior renal surface to be exposed and
situated, when needed, in direct view of the
console surgeon. Patients who have had prior
ipsilateral retroperitoneal surgery—i.e., partial
nephrectomy, adrenalectomy, renal ablation, or
percutaneous nephrolithotomy—have a higher
propensity for renal scarring and we recommend
meticulous dissection in these cases to ensure
adequate mobilization and exposure to avoid
later difficulties [29, 30]. Prior to hilar clamp-
ing, a laparotomy pad should be passed into
the abdomen to stabilize the kidney in position
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Fig. 5.10 Laparoscopic ultrasound of kidney and renal mass

to facilitate partial nephrectomy. This pad can
also be used for hemostasis to assist with man-
ual pressure to the kidney later in the case if
necessary.

Next, the perinephric fat is incised longitudi-
nally and divided over the renal capsule, near the
area of the renal tumor. Care is taken not to excise
the fat overlying the tumor itself. If this fat is
removed during Gerota’s dissection, it can be sent
to pathology separately. A laparoscopic ultra-
sound probe is then introduced via the assistant
port by the bedside assistant. Vascular anatomy,
tumor size, extension, and depth are identified
with ultrasound assistance (Fig. 5.10). The renal
capsule can be scored with the monopolar hot
scissors using ultrasound to identify the appro-
priate borders of the dissection. Doppler color
flow is used to note the location of branch ves-
sels in relationship to the tumor. Even with eas-
ily identifiable exophytic tumors, we recommend
thorough intraoperative renal ultrasound, which
can aid in dissection and ensure the absence of
incipient lesions that may have been missed on
preoperative scans [31].

Hilar Control and Tumor Extirpation

Prior to the initiation of warm ischemia, a
“test run” should be performed including hilar
exposure, bedside assistant clamp placement,
and tumor access. A careful operating room
check of instruments, sutures, hemostatic agents,
and emergency equipment should be made. We
typically use bulldog clamping over Satinsky

clamping for a number of reasons including obvi-
ating the need for an additional port, eliminating
the risk of catastrophic external dislodging of
the Satinsky clamp, and allowing the ability to
remove individual occlusion of the renal vein in
cases of excessive renal congestion. Mannitol is
administered before vascular clamping to create
an osmotic diuresis and reduce renal injury. The
clamps are then placed on the renal hilum, first
on the renal artery followed by the renal vein
(Fig. 5.11). The kidney should blanch quickly—
if this is not appreciated, consideration should
be given to inadequate clamping or additional
hilar vessels. The starting time of warm ischemia
should be recorded.

The tumor should be excised sharply respect-
ing the principles of open surgery. The cap-
sule is incised broadly and the tumor should
be approached initially by maneuvering circum-
ferentially before diving deeply into the renal
parenchyma. This will help to avoid inadver-
tent entry into the tumor. The Maryland bipo-
lar, ProGrasp, or fenestrated bipolar instrument
can be used to help lift and elevate the tumor
as the monopolar scissor is used with the right
hand to sharply incise along the margin of
dissection (Fig. 5.12). A cold curved scissors
can be exchanged for the monopolar hot scis-
sors because this tends to improve sharp cutting
and can expedite tumor extirpation. The bedside
assistant should use a suction and grasper in each
hand to help expose the correct plane and provide
adequate counter traction for the console surgeon.
In cases of multifocal disease or hereditary renal
disease, an enucleating technique can be utilized
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Fig. 5.11 Bulldog clamping of renal hilum

Fig. 5.12 Extirpation of renal mass

by incising the renal capsule and maintaining the
plane between the tumor’s pseudocapsule and the
renal parenchyma [32, 33].

Once the tumor is completely excised, it
should be inspected intracorporeally, especially
at its base. We do not typically take frozen sec-
tions of the base unless we identify iatrogenic
entry of the tumor or the tumor appears to be
projecting through the capsule and violating the
plane of dissection. In these rare circumstances,
we will re-resect the base and continue with
renal reconstruction in an effort to limit warm
ischemia.

Renorrhaphy, Specimen Retrieval,
and Closure

We exchange the scissor for a robotic needle
driver and suture ligate open vessels with a 3-0
Vicryl on an RB-1 needle with a Lapra-Ty R©
(Ethicon, Cincinnati, OH) clip. This can usually

be performed in figure of eight fashion. For deep
tumors where entry into the collection system
is anticipated, we next retrograde inject the pre-
placed ureteral catheter with methylene blue to
inspect for remaining defects. The open col-
lecting system base is closed with a running
3-0 Vicryl suture on an RB-1 or an SH needle
(Fig. 5.13). We next use a series of 2-0 Vicryl
sutures on either a SH or a CT-1 needle cut to
7 in. with a Lapra-Ty R© placed at the knot at the
cut end. These are placed in interrupted fashion
and the renal defect is closed by taking full needle
bites of the renal capsule but avoiding unnec-
essary passes deep into the renal parenchyma
(Fig. 5.14). Usually a series of two or three
sutures are sufficient to incorporate the length
of the repair and the defect is then filled with
premade oxidized cellulose bolsters and injected
with hemostatic sealant (Fig. 5.15). Next the bed-
side assistant places a second Lapra-Ty R© clip on
the needle end after the console surgeons apply
his/her own tension against the renal parenchyma.
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Fig. 5.13 Running closure of renal base

Fig. 5.14 Placement of capsular suture

Fig. 5.15 Placement of final capsular suture over Surgicel R© bolster and application of final Lapra-Ty R© to complete
renorrhaphy

This will tighten the capsular sutures and visu-
ally close the renal gap. The console surgeon
must be careful to pull away from the kidney
in the direction of the suture to ensure that he
does not tear the renal capsule. This can be
repeated sequentially to the remaining capsular
sutures (Fig. 5.15). Alternatively, in a technique
described by Benway et al. [34], a Hem-o-Lock R©
clip can be placed on the needle side of the

capsular suture and used by the robotic surgeon
to visibly apply tension to the repair by sliding
it down against the parenchyma. Additionally, in
an attempt to decrease warm ischemic time, some
surgeons have performed bolstered renorrhaphy
in an off-clamp fashion [35].

The hilar clamps are removed and time is
noted. A lap pad is typically placed over the
repair and pressure is held for several minutes if
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bleeding is noted. Once the kidney has restored
its normal turgor, the defect is inspected. If
minimal oozing exists, the kidney can be again
observed with direct manual pressure and re-
inspected. If bleeding is persistent, additional
sutures can be placed, this time more deeply in
the area of presumed location. Complete perito-
neoscopy is performed to inspect for injury or
bleeding. The lap pad is carefully removed under
vision through the assistant port. The Gerota’s
fascia is closed with a running Vicryl suture and
the kidney is returned to its most orthotopic posi-
tion. The specimen is placed in a retrieval sac and
removed through one of the assistant ports. All
robotic instruments are removed and the robot
is de-docked. We recommend repeat inspec-
tion after specimen removal to ensure adequate
hemostasis. A closed suction drain is placed
through the most inferior and lateral trocar site
and is laid posterior to the kidney. All trocars are
removed under direct vision and the incisions are
closed. The ureteral catheter, if placed initially, is
removed on the completion of the case.

Postoperative Course

Complete blood count and chemistries are
obtained in the recovery room and once daily as
required. Patients remain on bed rest until the
following morning when they initiate ambulation.
Liquid diet is advanced to regular diet as
tolerated. Pain is managed with intravenous mor-
phine or opiate alternative for the initial 12–24 h
and converted to an oral substitute shortly there-
after. The Foley catheter is removed after ambu-
lation commences and postvoid residuals are
checked 4–6 h later to ensure adequate bladder
emptying. We usually withhold the removal of
the closed suction drain until the day of hospital
discharge is anticipated and the drain creatinine
level is in the normal serum range. When a uri-
nary leak is suspected secondary to an elevated
drain creatinine, we recommend pulling the drain
back slightly and placing it to dependent drainage
off self-suction. The patient’s recorded outputs
and drain creatinine level can be managed on an

outpatient basis. It has been our experience that
most leaks will resolve with expectant manage-
ment within 7–14 days. In rare cases of persistent
urinary leakage despite continued conservative
measures weeks after surgery, we recommend
cystoscopy and retrograde pyelogram to rule out
a distal ureteral obstruction or excluded calyx
followed by ureteral stenting and Foley catheter
placement.

Results

Robotic-assisted partial nephrectomy was ini-
tially developed and promoted with the idea
of broadening the utilization of nephron-sparing
surgery while still providing the advantages of
minimally invasive surgery [9]. This alternative to
laparoscopic partial nephrectomy may aid in the
learning curve and facilitate in the reconstructive
aspects of what is a technically demanding oper-
ation. Established advantages of minimally inva-
sive techniques for partial nephrectomy include
decreased postoperative pain, decreased hospital
stay, and shorter convalescence compared with
standard open technique [36].

Head-to-head comparisons of laparoscopic
and robotic techniques have been limited but
have been described. Aron et al. [37] from
Cleveland Clinic retrospectively compared 12
matched patients undergoing partial nephrec-
tomy by either robotic-assisted or laparoscopic
techniques. Overall, there were no differences
in perioperative variables (ischemia time, blood
loss, operative time, and length of stay) and
renal functional outcomes, transfusion rates,
and complication rates were similar. A larger
study from Wang and Bhayani [38] studied
102 consecutive patients, comparing outcomes
from 40 robotic-assisted partial nephrectomies
(RAPNs) and 62 laparoscopic partial nephrec-
tomies (LPNs). They noted similar outcomes in
blood loss, tumor size, margin rate but noted
that operative times, warm ischemia times, and
length of stay were significantly shorter in the
robotic group. Our NCI series comparing the
first 36 RAPNs versus the most recent 33 LPNs,
all for complex, challenging renal masses, also
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Table 5.2 Comparison of
robotic-assisted partial
nephrectomy (RAPN) and
laparoscopic partial
nephrectomy (LPN) at the
National Cancer Institute

RAPN LPN p value

N 36 33
Hereditary

syndrome (%)
26 (72) 27 (82) 0.345

Multiplicity of
tumors (%)

10 (32) 11 (33) 0.772

Mean tumor number
(range)

1.5 (1–4) 1.5 (1–5) 0.945

Mean tumor size
(cm)

2.8 2.5 0.278

Endophytic location
(%)

33 (70) 22 (48) 0.049

Hilar location 9 (19) 3 (7) 0.062
Operative time, min

(range)
335 (165–520) 365 (210–600) 0.264

Warm ischemia
time, min (range)

26 (0–61) 27 (0–46) 0.759

Blood loss, ml
(range)

492 (100–2,700) 502 (50–1,800) 0.938

Positive margins 1 0
Complications (%) 13 (36) 10 (30) 0.558

showed comparable results (Table 5.2). Tumors
in the robotic cohort tended to be more hilar
and endophytic in their location. There were
no major complications in the robotic group
and one bowel injury in the laparoscopic group
that necessitated open re-exploration. Cost and
reliability on an experienced bedside assistant
were described as disadvantages of the robotic
technique.

Data from published experiences of robotic-
assisted partial nephrectomy are listed in
Table 5.3. A variety of information including
tumor number, size, operative time, warm
ischemia time, blood loss, and hospital stay are
reported from over 10 institutions. A total of
309 tumors were removed from 303 patients
undergoing robotic-assisted partial nephrectomy.
The average tumor size was 2.86 cm. Cases

Table 5.3 Operative results of published series of robotic-assisted partial nephrectomy

Series
Patient
number

Tumor
number

Tumor size
(cm)

Op time
(min) WIT (min)

Mean EBL
(ml)

Mean
hospital
stay (days)

Gettman et al. [7] 13 13 3.5 215 22.0 170 4.3
Phillips et al. [6] 12 12 1.8 265 26.0 240 2.7
Kaul et al. [4] 10 10 2.3 155 21.0 92 1.5
Rogers et al. [10] 8 14 3.6 192 31.0 230 2.6
Aron et al. [37] 12 12 2.4 242 23.0 329 4.7
Deane et al. [3] 10 10 3.1 229 32.1 115 2.0
Michli et al. [1] 20 20 2.7 142 28.1 263 2.8
Ho et al. [2] 20 20 3.5 83 21.7 189 4.8
Rogers et al. [42]

(multi-
institutional)

148 148 2.8 197 27.8 183 1.9

Benway et al. [34] 50 50 2.7 145 17.8 140 2.5
Totals 303 309 2.84 186 25.0 185 2.98

WIT, warm ischemia time; EBL, estimated blood loss
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took 186 min on average with 25 min of warm
ischemia and 185 ml of blood loss. Patients were
discharged on average on postoperative day 3.

Conversions and Complications

Complications are a known consequence of sur-
gical intervention. Even in the most experienced
hands, untoward events can occur at each step
of the operation. The majority of complication
data for partial nephrectomy have been described
in the laparoscopic literature. The largest studied
series of laparoscopic surgery for urological can-
cer was published on 1,867 patients undergoing
surgery at the Cleveland Clinic [39]. They
described an overall complication rate of 12.4%,
3.5% were intraoperative and 8.9% were postop-
erative. Less than 1% of the described cases were
converted to open surgery. Laparoscopic partial
nephrectomy was an independent risk factor for
complication.

Reported complications in robotic partial
nephrectomy appear similar to the laparoscopic
series but case volume is less and the data
remain immature. Positive margin, open conver-
sion or conversion to traditional laparoscopy, and
complication rates are described amongst vari-
ous institutions in Table 5.4. The overall aver-
age complication rate reported from the current
published experiences on robotic-assisted partial
nephrectomy is 7.9% with a conversion rate of
2.6%. The average positive margin rate reported
was 2.6%.

Robotic Surgery for Complex Tumors
and Future Directions

As we advocate performing nephron-sparing
surgery in increasingly more patients with more
complex renal tumors, we are hopeful that robotic
assistance may aid in transferring this philosophy

Table 5.4 Positive margins, conversions, and complication rates of published series

Series
Positive
margins (%)

Conversion
number (%)

Complication
number (%) Listed complications

Gettman et al. [7] 1 (7.7) Number (0) 1 (7.7) Ileus
Phillips et al. [6] None 3 (25) 3 (25) Bleeding, 2; urine

leak, 1
Kaul et al. [4] None None (0) 2 (20) Bleeding, 1; urine

leak, 1
Rogers et al. [9] None None None
Aron et al. [37] None 2 (17) None
Deane et al. [3] None None 1 (10) Bleeding
Michli et al. [1] None None 3 (15) Lost

needle/exploration,
1; perirenal abscess,
1; pulmonary
embolus, 1

Ho et al. [2] None None None
Rogers et al. [42]

(multi-
institutional)

6 (4) 2 (1.3) 9 (6) Ileus, 3; pulmonary
embolus, 2; urine
leak, 2; bleeding,
1; rhabdomyolysis, 1

Benway et al. [34] 1 (2) 1 (2) 5 (10) DVT, 1; myocardial
infarction, 1;
hypertensive crisis,
1; perirenal
hematoma, 1;
post-op anemia, 1

Totals 8 of 303 (2.6) 8 of 303 (2.6) 24 of 303 (7.9)
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Table 5.5 Current advances
and future directions for
robotic renal surgery

RAPN for endophytic and hilar tumors [9, 10]
RAPN for multiple tumors and patients with hereditary renal disease [8]
RAPN after prior open retroperitoneal surgery
Robotic-assisted radical nephrectomy for renal vein thrombus [43]
Robotic renal single-site surgery [40]
Robotic NOTES (natural orifice translumenal endoscopic surgery) [41]

into the minimally invasive arena. A published
report from our group at the National Cancer
Institute described the safety and feasibility of
robotic-assisted partial nephrectomy in select
patients with complex masses including hilar
and endophytic tumors [9]. More recently at the
NCI we have described our experience utiliz-
ing this technique successfully in 10 patients
with hereditary renal disease and multifocal renal
masses [8]. Due to concerns regarding the poten-
tial long-term effects of ischemia times, we have
performed “off-clamp” robotic partial nephrec-
tomy with encouraging results in a selected few
patients with hereditary renal disease in whom
reoperation in the future may be anticipated.
Surgeons are now performing surgeries using
robotic assistance via single-port access and
have developed robotic NOTES (natural orifice
translumenal endoscopic surgery) in reconstruc-
tive urology using an animal model [40, 41]. A
list of current developments and the expanding
role of robotic-assisted renal surgery are listed in
Table 5.5.

Summary and Conclusion

Partial nephrectomy has shown equivalent out-
comes and improved preservation of long-
term renal function in comparison with radical
nephrectomy. It is becoming more evident that
partial nephrectomy should be offered as the
treatment for patients with solid renal masses
whenever technically feasible. The details of our
technique of robotic-assisted partial nephrectomy
and report of early outcomes using this technique
have been outlined in this chapter.

Robotic surgery for renal cancer remains in
its infancy. As urologists we should seek to
expand the role of minimally invasive surgery
not to replace existing surgical techniques but
to offer equally effective procedures that will
further reduce the impact of treatment on the
patient. The growing acceptance and utilization
of robotic-assisted partial nephrectomy under-
scores the ultimate goal in the management of
localized kidney cancer: oncologic efficacy, renal
preservation, and return of convalescence.

Critical Operative Steps

• Place 5-Fr open-ended ureteral catheter
secured to Foley catheter for cases in which
collecting system entry is anticipated. Catheter
can be connected to methylene blue syringe
and utilized to identify areas of pelvicalyceal
violation after tumor is resected.

• Ensure padding and proper positioning of
patient’s neck, arms, and shoulders prior to
docking of robot.

• Perform adequate renal dissection and tumor
exposure prior to hilar clamping and tumor
extirpation to maximize vision and maneuver-
ability with robotic instruments.

• Utilize intraoperative ultrasound to identify
boundaries of tumor and properly investigate
any insipient lesion.

• Perform a “test run” including a mimicking
of hilar clamping with bedside assistant and a
back table instrument and material check with
scrub tech prior to hilar clamping and tumor
resection.

• Proceed swiftly but meticulously during tumor
removal using mostly cold cutting and inspect
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tumor and resection bed with 3D vision after
resection is complete.

• Run base of resection site with Vicryl suture
and then interrogate collection system by
injection of methylene blue through ureteral
catheter.

• Complete reconstruction by sliding capsular
sutures over Surgicel R© bolsters and cinch-
ing these down robotically under direct vision.
Secure with Lapra-Ty R© clips.

• Remove clamps and allow adequate time for
kidney to reperfuse. Specimen can be placed
in retrieval bag. Ports should be removed
under direct vision.

• Jackson–Pratt drain is placed posteriorly to
kidney and secured to skin.

Critical Instruments and Supplies

• da Vinci Surgical System R© instruments:
monopolar hot scissors, Maryland bipolar,
ProGrasp, two robotic needle drivers.

• Veress needle, 10–12-mm trocars (2), 5-mm
trocars (1 or 2), 8-mm robotic trocars (two or
three depending on the role of the fourth arm
and use of da Vinci S system R©), 5-Fr open-
ended ureteral catheter, and 60 cm3 syringe
with methylene blue.

• Bedside assistant instruments: laparoscopic
suction irrigator, laparoscopic grasper, laparo-
scopic scissors, bulldog or Satinsky clamps,
10- and 5-mm Hem-o-Lock R© clips and appli-
cator, Lapra-Ty R© clips and applicator.

• Laparoscopic pad or sponge that can be placed
into the surgical field to assist with kidney
exposure and positioning and assist with man-
ual pressure of kidney if necessary.

• Laparoscopic ultrasound transducer and
console (Aloka Diagnostic Ultrasound
Systems R©).

• Sutures:

Resection base—5-in. 3-0 Vicryl SH needle
with Lapra-Ty R© on knotted end (1–2).

Small collection system opening or open-end
vessels—5-in. 4-0 Vicryl RB needle (2).

Capsule closure—7-in. 2-0 Vicryl SH or CT
needle with Hem-o-Lock R© and Lapra-Ty R©
on knotted end (2–4).

Gerota’s closure—7-in. 2-0 Vicryl SH or CT
needle (1).

• Surgicel R© cigar-shaped bolsters (2–5) and
Flo-seal applicator.

• EndoCatch specimen removal bag (10 mm),
Carter-Thomason R© closing instrument, 10-Fr
round Jackson–Pratt drain.
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Chapter 6

Pediatric Laparoscopic and Robotic Upper Pole
Nephrectomy for Nonfunctioning Moieties

Glenn M. Cannon and Richard S. Lee

This chapter contains a video segment which can be found at the
URL: http://www.springerimages.com/ost

Introduction

In 1993, Jordan and Winslow described laparo-
scopic upper pole partial nephrectomy in a
14-year-old girl with bilateral duplicated col-
lecting systems [1]. Since that time, there has
been a substantial amount of literature devoted
to laparoscopic renal surgery in children. Prior
to and including 2009, there have been 28 case
series of retroperitoneal laparoscopic nephrec-
tomy [2–29], 26 case series of transperitoneal
laparoscopic nephrectomy [2, 11, 28, 30–52],
and 3 case series of robotic-assisted laparo-
scopic nephrectomy [53–55]. Regardless of the
approach taken, the literature reveals that laparo-
scopic renal ablative surgery in children is safe
and effective [56].

Indications

The most common indication for laparoscopic
partial nephrectomy in children is a nonfunc-
tioning renal moiety secondary to obstruction or
vesicoureteral reflux [44]. Obstruction may result
from ureteral ectopia, ureterocele, or obstruction
at the ureteropelvic or ureterovesical junction.

R.S. Lee (�)
Department of Urology, Harvard Medical School,
Children’s Hospital Boston, Boston, MA 02115, USA
e-mail: richard.lee@childrens.harvard.edu

Vesicoureteral reflux (VUR) may be associated
with renal dysplasia or severe scarring in the
affected moiety of a duplicated system. Although
the most common indication for laparoscopic par-
tial nephrectomy in adults is a suspected renal
malignancy, this is a rare indication in the pedi-
atric population.

Preoperative Evaluation

Children with a nonfunctioning renal moiety
may have a variety of presentations. Prenatal or
postnatal hydronephrosis, flank pain, hyperten-
sion, hematuria, urinary tract infections, vagi-
nal discharge, change in bowel habits, palpa-
ble abdominal mass, and urinary incontinence
in girls from an ectopic ureter have all been
described as possible presentations for a non-
functional renal moiety [1, 34, 44]. Renal ultra-
sound is often the initial diagnostic test that helps
define anatomy as well as visualize the degree of
parenchymal thickness/echogenicity and ureteral
dilatation (Fig. 6.1). A voiding cystourethrogram
is necessary to identify VUR in the ipsilat-
eral moieties or contralateral kidney (Fig. 6.2).
Identification of VUR in the other renal moi-
eties may alter overall therapy or require ther-
apy beyond heminephrectomy. Determination of
function of the affected moiety is critical to help
determine salvage reconstruction versus hem-
inephrectomy. Dimercaptosuccinic acid nuclear

73M.C. Ost (ed.), Robotic and Laparoscopic Reconstructive Surgery in Children and Adults,
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Fig. 6.1 (a) Renal ultrasound revealing dilated right upper pole with thin parenchyma and significantly dilated upper
pole ureter. (b) Dilated left upper pole with hyperechoic parenchyma

Fig. 6.2 (a) VCUG from patient in Fig. 6.1a. Ipsilateral VUR is not present but contralateral Grade I VUR is present.
(b) VCUG from patient in Fig. 6.1b. VUR is present in the dilated left upper pole

Fig. 6.3 (a) DMSA scan from patient in Fig. 6.1a revealing lack of function in the right upper moiety. (b) DMSA scan
from patient in Fig. 6.1b revealing lack of function in the left upper pole moiety
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renography (DMSA) is the gold standard to deter-
mine function in the affected moiety (Fig. 6.3).
Further imaging in children is usually not nec-
essary; however, if the diagnosis is still unclear,
MR urography or intravenous pyelography may
be informative.

Surgical Approach

The first published reports of laparoscopic partial
nephrectomy in children were performed through
a transperitoneal approach [2, 11, 28, 30–52].
Since then, the retroperitoneal approach has been
demonstrated [2–29]. Advocates of the transperi-
toneal approach frequently quote the larger work-
ing space and more familiar surgical anatomy as
advantages [2, 11, 28, 30–52]. Advocates of the
retroperitoneal approach note the short distance
to the kidney, the theoretical reduction in postop-
erative intraabdominal adhesions, and improved

containment of complications such as a urine
leak as favorable factors [2–29]. With the advent
of robotic-assisted laparoscopy, a robotic-assisted
approach has also gained in popularity [53–55].
Regardless of the approach chosen, mean opera-
tive times, hospital stay, and overall complication
are similar and appear to be trending toward the
open experience [56]. Table 6.1 lists advantages
and disadvantages of each approach.

Surgical
Technique—Robotic-Assisted
Transperitoneal Approach

At our institution it is our preference to per-
form laparoscopic upper pole nephrectomy uti-
lizing a robotic-assisted transperitoneal approach.
Appropriate room setup is critical to help facili-
tate operative flow. Prior to the patient’s arrival in
the operating room, the robot is positioned on the

Table 6.1 Advantages and disadvantages of each approach to laparoscopic partial nephrectomy in
children

Surgical approach Advantages Disadvantages

Transperitoneal • Large working space
• Familiar surgical anatomy
• Potentially less

manipulation of lower
moiety [27]

• Second incision not needed
for ureterectomy

• Option to perform
concomitant ureteral
reimplantation if necessary

• Postoperative
intraabdominal adhesions
are usually not clinically
significant [57, 58]

• Theoretical risk of
postoperative
intraabdominal adhesions
[59, 60]

• Possible difficulty in
patients with previous
intraperitoneal surgery

• Urine leakage and bleeding
is not confined

Retroperitoneal • Short distance to kidney
• Avoids colonic dissection
• Less interference from

surrounding organs (liver,
spleen)

• Theoretical reduction in
postoperative adhesions

• Straightforward conversion
to open approach if
necessary

• Urine leakage and bleeding
is confined to the
retroperitoneal space

• Limited working space
• Unfamiliar surgical anatomy
• Greater degree of

manipulation of normal
lower moiety [27]

• Risk of balloon rupture and
need for fragment retrieval
if balloon dilator is utilized
to develop space
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Fig. 6.4 Operating room setup for a left robotic-assisted upper pole nephrectomy

ipsilateral shoulder of the pathological side. The
laparoscopic tower is placed at the foot of the bed
on the side of the pathology. The surgical cart is
positioned beyond the foot of the bed (Fig. 6.4).
This room setup helps avoid excessive traveling
of the surgical cart during positioning.

After the induction of general anesthesia, the
patient receives preoperative antibiotic prophy-
laxis, orogastric tube, and urethral catheter. The
patient is then positioned in a modified flank posi-
tion with the affected side elevated 30◦ off the
table with a gel roll. The bottom leg is bent at
the knee and any area of pressure is padded with
foam. Axillary padding is utilized. The patient is
secured to the table at multiple points utilizing
3-in. silk tape as well as a safety strap over the
legs. At this point, test rolling of the table is per-
formed to the extreme right and left limits of the
table to insure that the patient is secure and that
the anesthesia team is satisfied with the security
of the head, neck, and endotracheal tube.

The surgical table is initially rolled toward the
affected side to make the abdomen as flat as pos-
sible. Access to the peritoneum is gained at the
umbilicus with a Veress needle or a modified
Hasson technique. After abdominal insufflation,

either an 8- or a 12-mm camera port is placed
at the umbilicus. The size of the camera port
depends on the size of the child and it is our pref-
erence to place this using a plastic trocar through
a DaVinci camera port. After the camera port is
in the abdomen, the DaVinci laparoscope (posi-
tioned 30◦ down) is immediately inserted into
the abdomen to inspect for evidence of visceral
or vascular injury. Next two additional 8-mm
robotic ports are placed under direct vision. One
port is placed directly in the midline about 10 cm
superior to the umbilicus. The second port is
placed inferolateral 45◦ and 10 cm away from the
umbilical port (Fig. 6.5).

Fig. 6.5 Location of port placement for left transperi-
toneal upper pole nephrectomy



6 Pediatric Laparoscopic and Robotic Upper Pole Nephrectomy 77

At this point, it is our practice to point the
laparoscope at the kidney and hold this view
in place while positioning the DaVinci surgi-
cal cart. The center post of the surgical cart
lines up directly in line with the laparoscope.
It is important to remember that the center
post of the cart will travel beyond the laparo-
scope in a superior direction prior to turning
the cart toward the patient. Once satisfied with
the surgical cart position, the table is rolled
to its extreme opposite side of the pathology
to facilitate movement of the small bowel and
colon away from the kidney. The surgical cart is
brought toward the patient and the robotic arms
are docked to the camera and working ports.
A DeBakey forceps is placed in the left hand
and the monopolar cautery scissors in the right
hand.

If standard laparoscopy is to be performed, the
patient position and port locations should be the
same as the robotic-assisted technique. However,
5- or 3-mm working ports are typically utilized.
The remaining steps will occur in an identical
fashion to a robotic-assisted procedure.

The dissection is begun by mobilizing the
colon along the white line of Toldt and reflecting
it in a medial direction (Fig. 6.6). The perire-
nal fascia is opened and the ureters are then
identified medial to the psoas muscle. After iden-
tification of the upper pole ureter, it is separated
from the lower pole ureter and dissected in an
inferior direction, while taking care to preserve
as much adventitia and blood supply to the nor-
mal lower pole ureter (Fig. 6.7). The upper pole

Fig. 6.6 Mobilization of the colon

Fig. 6.7 Separation of the upper and lower pole ureters

ureter is dissected as far as possible in a distal
direction and divided. If there is reflux into the
upper pole ureter, the ureteral stump is sutured
closed.

The upper pole ureter is then dissected in a
superior direction up to the lower pole hilum.
Once the lower pole hilum is identified, dis-
section of the upper pole ureter superior to the
lower pole hilum is performed to allow passage
of the upper pole ureter posterior to the lower
pole vessels (Fig. 6.8). Cephalad traction can
then be placed on the upper pole ureter to facil-
itate access to the nonfunctioning upper moiety.
Care must be exercised in this maneuver so as
not to avulse small vessels to the upper pole.
Dissection is carried in a superior direction until
the upper pole hilar vessels are identified and
divided.

After ligation and division of the vessels to
the upper pole (Fig. 6.9), a clear demarcation

Fig. 6.8 Transposition of the upper pole ureter beneath
the lower pole vessels
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Fig. 6.9 Ligation of the upper pole vasculature

Fig. 6.10 Excision of upper pole with harmonic scalpel

between the hydronephrotic upper pole and the
normal lower pole should be visualized. The non-
functioning upper pole is then excised utilizing
electrocautery or a harmonic scalpel (Fig. 6.10).
We choose to err on the side of leaving nonfunc-
tioning upper pole parenchyma versus removing
functioning lower pole parenchyma. Any col-
lecting system injury to the lower pole should
be closed immediately with absorbable suture
such as 4-0 or 5-0 Vicryl (Ethicon, Somerville,
NJ). The renal capsule is then closed over a
piece of fat or gel foam bolster with a run-
ning absorbable suture such as 3-0 or 4-0 Vicryl
(Ethicon, Somerville, NJ). A hemostatic agent
such as Tisseel fibrin sealant (Baxter Healthcare
Corporation, Mansfield, MA) is then placed over
the closed renal capsule. If the surgeon desires, a
drain can be placed at this point.

Surgical
Technique—Retroperitoneal Prone
and Lateral

Either a prone or a flank approach can be uti-
lized to obtain retroperitoneal access to the kid-
ney. For the prone approach, initial access to
the retroperitoneum is gained by an open tech-
nique. Dissection of the retroperitoneal space
is performed utilizing balloon dilatation with
15–20 mmHg of pressure. Three trocars are
inserted at the costovertebral angle near the
paraspinous muscle and the 12th rib, just above
the iliac crest at the posterior clavicular line and
just medial to the paraspinous muscle above the
iliac crest. Identification of the psoas muscle as a
landmark is crucial to avoid peritoneal tears.

The abnormal upper pole, ureter, and supply-
ing vasculature are identified. Minimal mobiliza-
tion of the normal pole and vasculature should be
performed to prevent vasospasm. The vasculature
and the ureter to the upper pole are divided and
the ureter can be used as a handle for manipu-
lation of the upper pole parenchyma. The upper
pole is then excised attempting to avoid collect-
ing system injury. The parenchymal edges of the
remaining lower are then sutured over bolsters.
It is our practice to place a drain within the
retroperitoneum.

The flank approach is similar except that the
first trocar is inserted 3 cm below the top of the
12th rib. The peritoneum is dissected away from
the anterior abdominal wall. The next two trocars
are placed in the costovertebral angle and in the
anterior axillary line 1 cm superior to the iliac
crest (Fig. 6.11). The remainder of the procedure
is identical to the retroperitoneal prone approach.

Complications

Although the incidence is low [61], compli-
cations can occur with any laparoscopic pro-
cedure in children. Specific complications of
laparoscopic upper pole nephrectomy include
bleeding, collecting system injury, injury to the



6 Pediatric Laparoscopic and Robotic Upper Pole Nephrectomy 79

Fig. 6.11 Port locations for a right flank retroperitoneal
heminephrectomy

normal pole ureter or vasculature, loss of the
remaining moiety, peritoneal perforation during
retroperitoneoscopy, and equipment failure [62].
Argon beam coagulation has been associated with
diaphragmatic injury and pneumothorax [63].
Urologists must also be aware that there are sig-
nificant hemodynamic and respiratory changes
that occur during pediatric laparoscopic surgeries
such as elevated end tidal CO2, respiratory rate,
peak airway pressure, and heart rate [64].

Critical Operative Steps

1. Mobilization of the colon in a medial direction
2. Identification and separation of the upper and

lower pole ureters with care to preserve as
much tissue as possible on the lower pole
ureter

3. Dissection and transposition of the upper pole
ureter around the lower pole vasculature

4. Ligation and division of the vasculature to the
upper pole

5. Resection of the upper pole with care to avoid
injury to the lower pole parenchyma or the
collecting system

Critical Instruments and Supplies

– Gel rolls and pillows for positioning
– 30◦ laparoscope

– 8 mm robotic DeBakey forceps, microforceps,
monopolar scissors

– 5 mm laparoscopic harmonic scalpel
– 10 mm laparoscopic specimen bag
– Hemostatic agent
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Adult Laparoscopic and Robotic-Assisted Pyeloplasty
for Ureteropelvic Junction Obstruction

Sarah P. Conley and Benjamin R. Lee
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Introduction

Historically the gold standard for the man-
agement of ureteropelvic junction obstruction
(UPJO) has been open pyeloplasty. However,
since laparoscopic-assisted pyeloplasty was first
described by Schuessler et al. in 1993, the min-
imally invasive approach has gained wide popu-
larity and acceptance among both academic and
community urologists [1, 2]. The goal of cor-
recting a UPJO is not to reverse damage which
the kidney has already sustained but to prevent
further deterioration of function and to relieve
symptoms. Laparoscopic or robotic approaches
to correction of UPJO have been well doc-
umented in the literature, including reduction
in hospital stay, decreased postoperative anal-
gesic requirements, and reduced incision size
and amount of esthetically undesirable scar-
ring [3]. The da Vinci R© robotic surgical sys-
tem (Intuitive Surgical, Sunnyvale, CA) offers
additional advantages over laparoscopy includ-
ing optimal needle angle placement and bet-
ter visualization in difficult anatomic locations.
Additional benefits of depth perception and easier
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intracorporeal suturing allow initiation and com-
pletion of the anastomosis in an efficient, coor-
dinated fashion. While the robotic-assisted pro-
cedures lack haptic feedback, visual cues from
dissection of the tissues overcome this issue.
Other factors to consider are longer operative
times that decrease with experience, a steep learn-
ing curve, and higher costs compared to open and
pure laparoscopic approaches [4].

Indications

The indications for robotic-assisted laparoscopic
pyeloplasty are identical for both the open and
pure laparoscopic approach, namely symptomatic
UPJO, progressive impairment of renal function
with a prolonged t1/2

time on renal scan greater

than 20 min, and/or differential function less than
40%. In addition, concomitant upper tract stones
are a factor in approach.

Contraindications

Any patient who is a candidate for open uretero-
pelvic junction (UPJ) repair or laparoscopic UPJ
repair is a candidate for the robotic approach.

85M.C. Ost (ed.), Robotic and Laparoscopic Reconstructive Surgery in Children and Adults,
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Absolute contraindications to minimally inva-
sive surgery include irreversible coagulopathy,
abdominal wall infection, bowel obstruction,
massive hemoperitoneum, and malignant ascites
[5]. Relative contraindications include severe
COPD, pregnancy, morbid obesity, extensive
prior abdominal surgery, pelvic fibrosis, iliac or
aortic aneurysms, and hernias (diaphragmatic or
umbilical).

Preoperative Preparation
and Positioning

Preoperative evaluation includes a diuretic
MAG3 nuclear renal scan to evaluate differential
function and t1/2

. A prolonged t1/2
time of greater

than 20 min together with differential function
less than 40% indicates a clinically significant
UPJO. Abdominal imaging with a computed
tomography (CT) urogram is helpful to evaluate
renal anatomy, including crossing vessels, but
it is not mandatory prior to surgery as a care-
ful dissection of the anterior renal pelvis will
identify any crossing vessels in this location.
A renal ultrasound is acceptable in children in
order to avoid unnecessary radiation exposure.
Preoperative tests such as complete blood count,
basic metabolic panel, coagulation studies,
chest X-ray, and EKG should be obtained in
appropriate patients. Anticoagulants should be
held for 7–10 days prior to surgery. Informed
consent must always be obtained and includes
a discussion of the risks of bleeding, infection,
injury to adjacent organs, stricture, and possible
conversion to open or pure laparoscopic proce-
dure. Thromboembolic stockings and pneumatic
compression devices should be placed on both
lower extremities prior to the induction of anes-
thesia. A single dose of intravenous antibiotics,
such as a first-generation cephalosporin, should
be administered 30 min prior to incision. A
negative urine culture should be obtained prior to
the procedure.

Preoperative cystoscopy and retrograde pyelo-
gram followed by placement of double J ureteral

Fig. 7.1 Retrograde pyelogram demonstrating a classic
right ureteropelvic junction obstruction with a 6-Fr open-
ended ureteral catheter in the proximal ureter

stent is then performed (Fig. 7.1). Some surgeons
choose to place a 6-Fr open-ended ureteral
catheter (or 4–5 Fr in children) in the proximal
ureter to promote ureteral dilation and identifica-
tion of the ureter. If a straight open-ended ureteral
catheter is used, it should be prepped into the
surgical field in order to allow retrograde place-
ment of a double pigtail ureteral stent during the
procedure. A 16-Fr Foley catheter is placed in
the bladder prior to positioning for the robotic
portion of the case.

The patient is then repositioned in a 45◦ modi-
fied flank position with the ipsilateral kidney ele-
vated. In this modified lateral position, an axillary
roll is not necessary. All pressure points should
be padded and the patient should be secured to
the table with 3-in. silk tape in three fixation
points. The upper arm is placed on a pillow or
a foam padding and care is taken to avoid com-
pressing the ulnar nerve. In addition, the table is
rotated prior to draping to confirm no slippage or
movement of the patient.
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Surgical Technique

We favor a transperitoneal approach with a
preference for the Anderson–Hynes dismem-
bered pyeloplasty. In the setting of a high
insertion of the ureter into the renal pelvis,
a Heineke–Mikulicz repair can be performed.
Pneumoperitoneum is achieved in standard fash-
ion using a Veress needle until an intraabdominal
pressure of 15 mmHg is achieved. Opening pres-
sures should be less than 10 mmHg in order to
confirm proper intraperitoneal location. A 12-
mm camera port is placed. The remainder of the
ports are placed under direct visualization and
include two 8-mm right and left robotic ports in
a standard V configuration approximately 8 cm
from the camera port. A 12-mm assistant port
is placed subxiphoid to aid with retraction, suc-
tion, and passing suture in and out of the surgical
field.

The initial dissection and mobilization of the
kidney can be performed in a pure laparoscopic
fashion with standard laparoscopic instruments
or after docking the robot. Our preference is
complete robotic mobilization. We recommend
using Maryland bipolar forceps in the left robotic
instrument port and monopolar scissors in the
right. We prefer complete robotic mobilization of
the white line of Toldt and colorenal ligaments
in order to reflect the bowel medially. The lower
pole of the kidney is elevated and the ureter is
identified. Gentle dissection of the ureter is car-
ried out superiorly toward the renal hilum with
care to preserve the ureteral blood supply. It is
important to mobilize the entire renal pelvis both
anteriorly and posteriorly to the level of the renal
sinus. A stay suture can be placed on the renal
pelvis above the level of obstruction using a 3-0
Vicryl suture on a Keith needle, passing the nee-
dle directly through the abdominal wall, through
the renal pelvis, then back through the abdominal
wall. This hitch stitch helps to stabilize the renal
pelvis and maintain orientation. The cause of
obstruction should be identified as either a cross-
ing vessel or an intrinsic stenosis. Preservation of
the crossing vessel is crucial in maintaining renal
function (Fig. 7.2).

Fig. 7.2 A crossing vessel visualized anterior to the renal
pelvis at the level of the ureteropelvic junction obstruction
is preserved

Fig. 7.3 Transection of ureteropelvic junction with
monopolar scissors

The ureter is transected sharply with scissors
at the level of the renal pelvis, leaving the
indwelling ureteral stent intact (Fig. 7.3). Prior
to complete transaction, the ureter is spatulated
laterally in order to maintain proper orientation
(Fig. 7.4). Sufficient spatulation should be per-
formed in order to excise any stenotic ureter.
If there is significant hydronephrosis, the renal
pelvis can be reduced and tapered after the
anastomosis is completed. Once the ureter is
completely transected, a 4-0 Vicryl suture on
a tapered SH needle is used to reapproximate
the apex of the ureteral spatulation to the most
dependent portion of the renal pelvis (Fig. 7.5).
Although there is no haptic feedback on the
da Vinci robot, visual cues can be used to gauge
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Fig. 7.4 Spatulation of proximal ureter on the lateral
aspect after transecting the ureteropelvic junction

Fig. 7.5 A running 4-0 Vicryl suture on a tapered SH
needle is used to complete the anastomosis

tension on the suture and subsequent knot. If
a crossing vessel is identified, the anastomosis
should be located distal and anterior to the vessel.
An interrupted lateral posterior knot is placed,
and then subsequent completion of the lateral
posterior aspect of the anastomosis is performed.
The anterior suture line is then completed to
achieve a mucosa-to-mucosa, watertight, tension-
free anastomosis. The apical stay suture can be
used to rotate the suture line in order to facilitate
running the posterior suture line. Prior to com-
pleting the anastomosis, the proximal end of the
double pigtail ureteral catheter is gently placed
within the renal pelvis. If an open-ended ureteral
catheter is initially placed, the bedside assistant

exchanges the open-ended ureteral catheter for a
3.8–6-Fr double pigtail ureteral stent over a wire.
Alternatively, a double pigtail ureteral stent can
be placed in antegrade fashion with the bladder
previously filled with indigo carmine to visualize
when the distal aspect of the stent is positioned
in the bladder. If the renal pelvis has not yet been
closed, the same suture can be used to close the
renal pelvis. After ensuring hemostasis, a closed
surgical drain, such as a Jackson–Pratt drain, is
placed nearby the anastomosis through one of the
8-mm ports. The fascia of the 12-mm ports and
skin are then closed in a standard fashion.

Postoperative Care

The patients remain in the hospital overnight.
Diet is advanced as tolerated. We routinely
administer Ketorolac 15 mg IV every 6 h for up
to the first 48 h postoperatively with supplemen-
tal oral and IV narcotics as needed. The Foley
catheter is removed the morning of postoperative
day #1. If the drain has minimal output, it can be
removed on postoperative day #1 and the patient
discharged home. In the setting of high-drain out-
put, a drain creatinine can be checked to confirm
source. If the value is consistent with serum cre-
atinine, the drain is removed and the patient is
dismissed.

The ureteral stent is removed in the office
with a flexible cystoscope 4–6 weeks postop-
eratively. Children will require a general anes-
thetic for stent removal. A renal ultrasound and/or
a diuretic MAG3 nuclear renal scan can be
obtained 3 months, 6 months, and/or 12 months
after surgery.

Technical Considerations

The da Vinci robotic surgical system offers many
technical advantages during dismembered pyelo-
plasty. We prefer to perform a complete robotic
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dissection of the kidney including mobilization of
the white line of Toldt and colorenal ligaments
and identification of the ureter as opposed to
performing the initial dissection with pure laparo-
scopic techniques. The lack of tactile feedback
can result in suture breakage during the anas-
tomosis if careful attention is not paid during
needle handling [6]. In the event of technical
failure of the robotic surgical system, the case
can be completed with conventional laparoscopy
rather than converting to an open procedure. It is
therefore important to be facile with intracorpo-
real suturing by either free hand or Endo Stitch
technique.

Crossing Vessels

Crossing vessels are encountered in 30–69% of
pyeloplasties [7–12, 17] (Table 7.1). A preoper-
ative CT can help identify crossing vessels and
help with surgical planning, but is not neces-
sary as crossing vessels can be identified during
the dissection and mobilization of the ureter and
anterior renal pelvis. Care should be taken to
create the anastomosis anteriorly and inferiorly to
the crossing vessel.

Secondary Pyeloplasties

Robotic-assisted laparoscopic pyeloplasty is a
safe and effective procedure for patients who
have undergone previously failed open pyelo-
plasty or endourologic procedures. In a multi-
institutional review of robotic-assisted laparo-
scopic dismembered pyeloplasty, Mufarrij et al.
included 23 patients in their series of 140 patients
undergoing secondary pyeloplasties. They found
no difference in any parameters when comparing
patients undergoing primary or secondary repair
with respect to operative time, estimated blood
loss (EBL), complication rate, length of stay
(LOS), radiographic resolution of obstruction
postoperatively, and need for secondary proce-
dures postoperatively [10]. Similarly, Hemal et al.
[13] reported on nine patients who successfully
underwent robotic-assisted laparoscopic pyelo-
plasty after failed open repair. There were no
intraoperative complications and all patients had
postoperative nuclear renal scans verifying unob-
structed drainage. However, in a series of 92
patients undergoing robotic-assisted pyeloplasty,
Schwentner et al. [11] reported a slightly lower
success rate in the 12 patients who under-
went secondary pyeloplasty compared to primary
pyeloplasty (83.3 vs. 97.5%).

Table 7.1 Outcomes of robotic-assisted laparoscopic pyeloplasty

Study n
Crossing
vessels (%)

Mean OR
time (min)

Mean
anastomosis
time (min)

Mean
EBL
(mL)

Mean
LOS
(days)

Mean
success
rate (%)

Mean
follow-up
(months)

Open
conversion
(%)

Comp-
lications
(%)

Gettman
et al. [6]

9 – 139 62 < 50 4.7 100 4.1 0 11.1

Patel et al.
[7]

50 30 122 20 40 1.1 100 11.7 0 2.0

Palese [16] 35 − 216 63 74 2.9 94 7.9 0 11.4
Chammas

et al. [8]
100 43 125 – < 100 3.5 90 29 1.0 0

Yanke et al.
[17]

29 69 196 – 39 2.2 100 11 6.9 6.9

Mufarrij
et al. [10]

140 55 217 – 59 2.1 95.7 29 − 10.0

Schwentner
et al. [11]

92 45 108 25 − 4.6 96.7 39.1 0 3.3

Mendez-
Torres
et al. [12]

32 44 300 – 52 1.1 88.9 8.6 0 3.1
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An interesting study by Sergi et al. [14] ana-
lyzed the collagen type I and III content of
UPJ tissue in patients who underwent Anderson–
Hynes dismembered pyeloplasty following ante-
grade endopyelotomy and compared it to tis-
sue in patients following primary pyeloplasty
and patients without UPJO. Total collagen con-
tent was higher in both the primary and sec-
ondary pyeloplasty groups compared to controls.
Staining for collage type III was statistically sig-
nificantly higher in the secondary pyeloplasty
group. They concluded that an inflammatory
response following endopyelotomy resulted in
deposition of more fibrous collagen III, thus lim-
iting the success of the procedure.

In prospective animal study, Andreoni et al.
[15] performed immunohistological staining on
porcine ureters following Acucise endopyelo-
tomy at time intervals ranging from 0 h to 8
weeks. The initial ureteral incision was sealed by
blood clot and periureteral fat. The urothelium
rapidly regenerated within 2 weeks; however, the
muscle layer failed to bridge the circumference of
the ureter at 8 weeks after surgery. The presence
of urinoma delayed healing of both mucosal and
muscle layers. They found that an abundance of
myofibroblasts rather than smooth muscle cells in
the healing ureteral defect suggested the wound
may heal by contraction.

Concomitant Pyelolithotomy

Concomitant pyelolithotomy can be performed
at the time of robotic pyeloplasty using laparo-
scopic grasping forceps or a 16-Fr flexible cys-
toscope placed through the 12-mm assistant
port with nitinol endoscopic basket in order
to render the patients stone free [10, 16, 17].
In the multi-institutional series of 140 patients
by Mufarrij et al. [10], 13 patients under-
went simultaneous stone extraction without any
difference in operative time, EBL, LOS, or
need for secondary procedures. Care must be
taken to suction the irrigant following flexible
nephroscopy.

Horseshoe Kidney

Robotic-assisted laparoscopic pyeloplasty in
horseshoe kidney is feasible [11]. Positioning of
the trocars more inferior is necessary for opti-
mal dissection. Bowel retraction may be aided
by Trendelenburg position and assistant retrac-
tion with a fan retractor. It is critical to identify
and preserve any aberrant renal vessels.

Body Habitus

Patient body habitus can also influence ease of
operation. In small patients or young children,
the two robotic working arms may need to be
placed closer to the camera port, necessitating
frequent realignment. For obese patients the stan-
dard V configuration of port placement may need
to shift laterally in order to effectively work in
the retroperitoneum. A second assistant port may
also be placed for obese patients.

Bilateral UPJO

Patients with bilateral UPJO can undergo staged
robotic-assisted laparoscopic pyeloplasties. In
a case report by Kumar et al. [18], one patient
successfully underwent simultaneous bilateral
robotic-assisted dismembered pyeloplasties.
Total operative time was 305 min and there
were five adverse events, including subcutaneous
emphysema, two incorrect suture placements,
and two suture breakages during know tying.

Outcomes

Success rates of laparoscopic and robotic-assisted
pyeloplasties are similar to open surgery [19–22].
In a retrospective series, Bauer et al. [19] com-
pared 42 laparoscopic pyeloplasties to 35 open
pyeloplasties and found equivalent outcomes
in terms of pain relief, relief of obstruction,
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and return to activity levels. In another series
comparing open to endourologic approaches to
UPJO, Brooks et al. [20] also reported that
success rates (100%) and complication rates
(0%) were similar among the patients undergo-
ing open and laparoscopic dismembered pyelo-
plasties. Postoperative analgesic use, LOS, and
recovery time were significantly shorter for the
laparoscopic group. In the pediatric population,
Lee et al. [3] also demonstrated decreased hospi-
tal stay and decreased postoperative analgesic in
the robotic-assisted group use compared to open
group. Mean operative times were similar among
the two groups (open 181 min, robotic 281 min,
p = 0.031).

As with most surgical procedures, operative
times and efficiency improve with case repeti-
tion. In their series of 50 patients who under-
went robotic-assisted laparoscopic dismembered
pyeloplasty, Patel and colleagues [7] demon-
strated that mean operative time decreased from
194 min during the first 10 cases to 91 min during
the last 10 cases. Robot docking time similarly
decreased from 21 to 4 min.

Cost is an important factor when considering
a new procedure. Recent studies have demon-
strated that robotic-assisted laparoscopic pyelo-
plasties are not as cost effective as laparoscopic
pyeloplasty [4, 23]. Although total in room time
was shorter for robotic pyeloplasty (176 vs.
210 min) in Bahayani and colleagues’ series, total
cost was higher than that of laparoscopic pyelo-
plasty when including mean setup and take-down
times, disposable instrument cost and deprecia-
tion, and maintenance of the da Vinci system [4].
Link et al. reported that robotic-assisted laparo-
scopic pyeloplasty is 2.7 times more costly than
conventional laparoscopy [23]. Even after elimi-
nating the depreciation of capital equipment, the
robotic procedure was still 1.7 times more costly
than a pure laparoscopic procedure.

Complications

The reported intraoperative and postopera-
tive complication rates for robotic-assisted

laparoscopic pyeloplasty are very low (0–11.4%)
[3, 6–12, 16] (Table 7.1). Reported compli-
cations include pyelonephritis, flank pain,
hematuria, stent migration, gluteal compartment
syndrome, febrile urinary tract infection, minor
intraoperative splenic laceration, and urine leak.

Conclusions

The da Vinci robotic system can be successfully
used to perform laparoscopic Anderson–Hynes
pyeloplasty with minimal morbidity and similar
outcomes as the gold standard open approach.

Critical Operative Steps

• Preoperative cystoscopy and placement of
double pigtail ureteral stent

• Positioning for robotic pyeloplasty
• Insufflation, access, trocar placement, and

docking the robot
• Initial identification and dissection of the

ureter and the renal pelvis
• Dismemberment of the ureteropelvic junction
• Reconstruction
• Drain placement
• Closure

Critical Instruments and Supplies

• da Vinci R© robotic surgical system
• Maryland bipolar forceps
• Monopolar cautery scissors
• Needle holders
• Keith needle
• Suction/irrigation system
• 4-0 Vicryl running suture on an SH needle
• Indwelling double pigtail ureteral stent
• Closed drainage system (Jackson–Pratt)
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Chapter 8

Pediatric Laparoscopic (Infant, Pre-pubertal,
and Teenager) Pyeloplasty for Ureteropelvic
Junction Obstruction

Danielle D. Sweeney and Steven G. Docimo

This chapter contains a video segment which can be found at the
URL: http://www.springerimages.com/ost

Introduction

Laparoscopy has been utilized in pediatric urol-
ogy for over 30 years, dating back to Cortesi, who
first described using the modality for the eval-
uation of non-palpable testes [1]. Nevertheless,
acceptance of pediatric urologic laparoscopy has
generally lagged behind when compared to its
adult counterpart, in large part due to the nature of
the practice of pediatric urology [2]. Fortunately,
there has been a shift in the paradigm. Pediatric
laparoscopy has recently benefited from improve-
ment in equipment and technology, as well as
an increase in experienced laparoscopic surgeons
entering the field. The techniques that were devel-
oped in adults have been refined for the pediatric
population, allowing for the expansion of the
technique from diagnostic procedures to complex
reconstructive surgeries.

Laparoscopic pyeloplasty for treatment of
ureteropelvic junction obstruction (UPJO) in
children has followed a similar evolution as
other forms of pediatric laparoscopic surgery. For
many decades, open dismembered pyeloplasty
had been the gold standard in the treatment of

D.D. Sweeney (�)
Pediatric Urology, Dell Children’s Hospital, Austin, TX,
USA
e-mail: danielledsweeney@gmail.com

UPJO, in both the adult and pediatric popula-
tions, with success rates greater than 90% [3,
4]. However, there was a desire to find less
invasive treatment options. In 1993, Schuessler
published the first adult laparoscopic pyeloplasty
series in which all patients had successful surgi-
cal outcomes [5]. This was followed by Peters
in 1995, who reported the first pediatric case
[6]. Since these initial publications, a variety of
techniques and approaches have been described
and utilized. Surgical outcomes and success rates
for laparoscopic pyeloplasty have been found to
be equivalent to the open procedure [4], and
additional advantages include less incisional dis-
comfort, a quicker convalescence, and excellent
surgical cosmesis.

Etiology and Presentation of
Ureteropelvic Junction Obstruction

Ureteropelvic junction obstruction is the func-
tional impairment of urinary transport from the
renal pelvis to the proximal ureter. The inci-
dence of UPJO is approximately 1:500 with a
male:female ratio of 2:1 [7]. It is more com-
mon on the left side than the right side and is
reported to be bilateral in 10–40% [7]. It is the
most common cause of hydronephrosis in new-
borns and young children [8]. If left untreated,

93M.C. Ost (ed.), Robotic and Laparoscopic Reconstructive Surgery in Children and Adults,
Current Clinical Urology, DOI 10.1007/978-1-60327-914-7_8, © Springer Science+Business Media, LLC 2011
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this condition may cause progressive dilation of
the renal collecting system, with subsequent dete-
rioration of renal function and loss of the renal
unit. UPJO is not uniform in its age of presenta-
tion; patients can present with a congenital UPJO
diagnosed prenatally or a UPJO that is not appar-
ent until late adolescence or early adulthood. Less
commonly it can be linked to secondary causes
such as infection, vesicoureteral reflux, recur-
rent stone passage, or iatrogenic strictures from
previous surgery [9].

The etiology of UPJO is varied depending
on the age of presentation. In infants and chil-
dren, UPJO is usually primary or congenital in
nature, related to intrinsic developmental abnor-
malities of the ureteropelvic junction. Intrinsic
causes include an aperistaltic segment of the
proximal ureter, congenital ureteral strictures due
to excessive collagen deposition at a narrowed
site, and ureteral fibroepithelial polyps (Fig. 8.1)
[10]. In older children, adolescents, and young
adults, UPJO can be caused by extrinsic compres-
sion from anatomic variants. Primary extrinsic
causes include ureteral kinking and, more fre-
quently, vessels to the lower pole of the kidney
that pass anterior to the ureteropelvic junction
and intermittently cause obstruction (Fig. 8.2)
[11].

The presentation of UPJO can be as varied
as the etiologies of the disease. In the infant

Fig. 8.1 Intrinsic causes of UPJO: aperistaltic segment
of proximal ureter, congenital ureteral strictures due to
excessive collagen deposition, and ureteral fibroepithelial
polyps

Fig. 8.2 Extrinsic compression from anatomic variants
such as vessels to the lower pole of the kidney

population, hydronephrosis is usually diagnosed
prenatally with maternal ultrasonography, and of
this group, approximately 44% are found to have
UPJO on postnatal evaluation [12]. In older chil-
dren the presentation is typically characterized
by a symptomatic episode of abdominal or flank
pain and nausea and vomiting, called a Dietl’s
crisis. Cyclic vomiting alone can also be a sign
of intermittent UPJO; however, this symptom
complex is often misdiagnosed as gastrointesti-
nal in origin. Less common presentations include
urinary tract infection, hematuria, nephrolithia-
sis, and rarely hypertension. With the increased
use of radiographic imaging, incidental diagno-
sis of asymptomatic UPJO is also becoming more
prevalent.

Diagnostic Assessment

Ultrasonography

For infants who have been diagnosed prenatally
with hydronephrosis, a renal ultrasound should be
obtained neonatally to reassess the dilatation of
the renal collecting system. Renal ultrasonogra-
phy does not diagnose obstruction or predict res-
olution; however, it can correlate with a clinically
relevant obstructive process. When the anterior
posterior diameter of the renal pelvis is >15 mm,
it is suggestive of the presence of obstruction,
as is a trend of worsening hydronephrosis over
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Fig. 8.3 Typical appearance
of a UPJO on ultrasonography

time (Fig. 8.3). Renal size should be measured in
the affected kidney and contralateral kidney over
a period of time. As obstruction worsens, there
tends to be an overall decrease in function and
growth of the affected kidney with a compen-
satory hypertrophy of the contralateral healthy
kidney. Ultrasonography is also a useful tool in
older children who present acutely. This modal-
ity is a relatively simple, non-invasive test that
can monitor dilation over time. It can be easily
done in the office setting.

Computerized Tomography

Computerized tomography (CT) has not been
the first-line imaging modality for the diagnosis
of hydronephrosis or UPJO in children, particu-
larly infants. This is primarily due to the radi-
ation exposure risk of CT and the relative ease
and accuracy of renal ultrasonography. However,
many older children with UPJO who present
with non-specific complaints of abdominal pain
or nausea and vomiting are evaluated with a
CT scan to differentiate other possible causes of
their symptoms such as appendicitis or bowel

obstruction. The typical CT scan appearance of
UPJO is significant hydronephrosis without the
presence of a dilated ureter (Fig. 8.4). CT can also
be beneficial in defining retroperitoneal anatomy,
particularly aberrant lower pole crossing vessels
to the kidney. When performed with IV con-
trast, an overall functional assessment of the
kidney can also be made; however, the benefits
of this modality often do not outweigh the radi-
ation risk or cost of the study. CT as a primary
imaging study should be evaluated on an individ-
ual basis after the risks and benefits have been
considered.

Intravenous Pyelogram

Intravenous pyelography (IVP) has fallen out
of favor in the workup of hydronephrosis and
suspected UPJO due to its high radiation expo-
sure and the ease and accuracy of other imaging
modalities such as ultrasonography. IVP can still
be useful in those cases with unclear anatomy and
a confusing clinical picture. The ideal timing for
this study would be during an acute episode of
obstruction.
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Fig. 8.4 The typical CT scan appearance of UPJO: sig-
nificant hydronephrosis without the presence of a dilated
ureter

Voiding Cystourethrogram

A voiding cystourethrogram (VCUG) should be
performed in all children with prenatally diag-
nosed hydronephrosis to evaluate for the presence
of vesicoureteral reflux (VUR) even if UPJO
is suspected as the cause of collecting system
dilatation. VUR is present in 40% of children
with UPJO, although it is usually low grade [9].
In older children, this testing modality is not
necessary.

Diuretic Radionuclide Renography

Radionuclide renography is an objective study
that is able to suggest the diagnosis of obstruction
by analyzing quantitative data regarding differ-
ential renal function. When performed in con-
junction with the administration of a diuretic, this
test is able to assess the velocity of washout of
the radioisotope from each kidney, hence a direct
measurement of renal collecting system empty-
ing. This test is mainly performed with mer-
captoacetyltriglycine (MAG3), which is excreted
mostly by the proximal renal tubules and pro-
vides an indirect means of measuring estimated

renal plasma flow. The measurement of the excre-
tory curve of the renogram will correlate with
the efficiency of emptying of the renal pelvis. In
an obstructed system, the radioisotope is not as
effectively cleared from the kidney. Furosemide
is usually given to promote diuresis and empty-
ing. When the kidney does not respond to the
diuretic, it is assumed that there is a loss of renal
function and/or significant renal obstruction [13].
The relative standard would be to perform this
test in a well-hydrated child with a catheter drain-
ing the bladder, as a full bladder can lead to vesi-
coureteral reflux in the susceptible ureter or poor
emptying in an otherwise unobstructed system.
It is our preference that the diuretic be adminis-
tered 20–30 min after the renogram (F + 20–30)
or when the renal pelvis is filled with contrast,
whichever is later. Following administration of
the diuretic, the time to washout suggests the
degree of obstruction.

The analysis of the drainage curve should take
into consideration the technique and the time
to diuretic administration. A general standard in
analyzing the curve is to report the time it takes
for the radioisotope activity to decrease by 50%
(T1/2

). If the T1/2
is less than 10 min, the study

is determined to be normal. When the T1/2
is

between 10 and 20 min, the study is equivocal,
and if the T1/2

is greater than 20 min the kidney

reportedly is obstructed (Fig. 8.5). Caution must
be observed when taking these results at absolute
face value, as the technique, the drainage curves,
and the clinical condition of the child must be
taken into consideration in the analysis. It should
be noted that diuretic renography should not gen-
erally be performed in infants less than a month
of age, as false-positive results may be obtained
with an immature kidney.

Pressure Flow Study

A pressure flow study is an invasive test that mea-
sures the intrapelvic pressure during infusion of
a fluid into the renal pelvis and the subsequent
decrease in intrapelvic pressure over time. This



8 Pediatric Laparoscopic (Infant, Pre-pubertal, and Teenager) Pyeloplasty 97

Fig. 8.5 Mag 3 Lasix scan
drainage curve in the setting
of UPJO

is termed as the pressure decay. The pressure
decay represents the efficiency of urine transport
as well as the relative compliance and volume
of the collecting system [14]. A rapid pressure
decay indicates a non-obstructed system, while
a slow pressure decay demonstrates obstruc-
tion. Pressure flow studies are not routinely per-
formed in the pediatric population and are usually
used in equivocal clinical situations after a prior
repair.

Patient Management: Asymptomatic
vs. Symptomatic

Asymptomatic patients are typically diagnosed
prenatally or in infancy. Older management
schemes included surgical intervention within the
first few months of life. Because many of these
kidneys will improve spontaneously, most infants
are currently managed expectantly with close
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monitoring and follow-up. The goal is to prevent
children from having unnecessary surgery while
balancing the need to intervene on the population
that will deteriorate without intervention.

There are general guidelines that deter-
mine which infant is appropriate for observa-
tion. Typically patients with greater than 40%
split function of the affected kidney, stable
hydronephrosis over time, stable renal function
and no urinary tract infections can be monitored
closely without intervention. Our protocol is to
perform renal ultrasounds every 3–4 months for
the first year of life, followed by every 6 months
for the next 2 years, then annually. If there is a
change in the renal ultrasound, diuretic radionu-
clide renography should be obtained. If there is
greater than a 10% decline in overall function of
the affected kidney, surgical intervention should
be considered.

Children who do not present prenatally, have
progressing hydronephrosis on serial exams, have
less than 40% function of the affected kidney,
or who present clinically with colic, hematuria,
stones, or infection should undergo operative
intervention for the management of UPJO.

Surgical Management

Open dismembered pyeloplasty has been the
gold standard treatment of UPJO for decades;
however, recent outcomes of laparoscopic pyelo-
plasty in children are consistent with those of
open pyeloplasty [15–17], and this has become
our preferred technique in the management of
UPJO in the pediatric population. Laparoscopic
pyeloplasty in children has followed a similar
evolution as other forms of laparoscopic renal
surgery, in that the techniques and equipment
that were developed in adults have been refined
for the pediatric population. The benefits of the
laparoscopic technique include improved cosme-
sis, reduced postoperative morbidity, shorter
convalescence, and increased magnification and
visualization.

Transperitoneal, retroperitoneal, and robotic
approaches for laparoscopic pyeloplasty have all
been described in the literature, with advocates
for each procedure [15, 18, 19]. In the end, the
approach used should be based on the experience
and comfort of the operating surgeon. In this sec-
tion we will describe each procedure in detail as
well as surgical outcomes.

Pre-operative Assessment

Upon initial evaluation, a thorough history and
physical exam must be obtained. Antenatal
history for hydronephrosis should be elicited. The
presence of a palpable kidney, as well as a per-
sonal or family history of other urologic issues,
should be noted. In our practice, age is not an
exclusion factor for a laparoscopic pyeloplasty.
Our youngest patient to date has been less than
3 months of age.

Instruments in Pediatric Laparoscopy

There are two basic types of instruments used in
pediatric urology: those used to gain access to
the patient and those used to perform the actual
operation. Access can be gained in a variety of
ways. Common approaches include the Veress
needle technique, which allows for CO2 insuf-
flation of the working space followed by blind
insertion of a trocar, and a variety of open tech-
niques, which include the Hassan cannula system
[20, 21]. The options for working elements for
pediatric laparoscopic pyeloplasty include scis-
sors, needle drivers, graspers, forceps, retrac-
tors, and cautery devices, such as the harmonic
scalpel (Ethicon, Cincinnati). These instruments
are mainly 5 mm in size, with some instruments
3 mm in diameter. These instruments are now
made with shorter shaft lengths, specifically for
pediatric indications. Suture-assist devices, often
used in adult pyeloplasty, are not suitable for
reconstruction in children, given their instrument



8 Pediatric Laparoscopic (Infant, Pre-pubertal, and Teenager) Pyeloplasty 99

and suture size. Laparoscopic devices are con-
stantly evolving, and the choices available to
the practitioner are expanding; however, a bal-
ance between cost effectiveness and practicality
should be considered in deciding their utility.

Transperitoneal Laparoscopic
Pyeloplasty

Transperitoneal laparoscopic pyeloplasty in the
pediatric population was the first approach
described in the literature [6]. Although there
is a theoretical risk of intra-abdominal injury
while performing a transabdominal technique, in
fact this is rare [22]. Advocates of this approach
have suggested that the retroperitoneal technique
provides less working space often making the
procedure difficult in smaller children and infants
[22]. There is also some question as to whether
crossing vessels are more easily missed [22].
Transperitoneal laparoscopic pyeloplasty is the
preferred technique at our institution, and in this
section we will describe in detail the operative
procedure and also discuss surgical outcomes.

Technique

Open communication with the anesthesia team
is essential. Inhaled NO2 should not be used in
order to avoid bowel distention, and an oral gas-
tric tube should be inserted to maximize visual-
ization in the intra-abdominal cavity. After induc-
tion of general anesthesia, the patient is placed
in the dorsal lithotomy position and rigid cys-
toscopy is performed. A retrograde pyelogram of
the affected side is performed to get an assess-
ment of the anatomy. A guidewire is placed
into the renal pelvis under fluoroscopic guidance,
and a double-J ureteral stent is inserted into the
kidney. An appropriate sized Foley catheter is
inserted for the duration of the case. The patient
is then repositioned into a 45◦ flank position. We
do not believe that an axillary roll is necessary
in the pediatric patient if the child is properly

positioned and supported with either pressure or
stretch placed on the axilla. The patient is secured
to the bed with wide tape at the level of the chest
and low thigh. Care is taken to place the tape
without tension over the chest and legs and not to
restrict ventilation. Securing the child to the table
permits Trendelenburg or laterally rolled posi-
tions. When prepping and draping, plan for an
open procedure and drape accordingly.

Access into the peritoneum is achieved in an
open fashion at the umbilicus. Blind access for
pneumoperitoneum with a Veress needle or a
trocar is less commonly used in the pediatric
population as an overly compliant abdomen may
increase the risk of injury to intra-abdominal
structures. It is our preference to use the Bailez
Technique for open access [23], modified to
employ the use of a radially dilating trocar. For
this technique, a 2-0 Vicryl suture is placed in the
umbilicus to provide continual anterior tension. A
3-mm hidden infraumbilical incision is made in
the skin and a scissor is then used at an approx-
imate 15–20◦ angle cephalad to cut through the
umbilical fascia into the underlying adherent
peritoneum. Alternatively, the rectus fascia and
underlying peritoneum may be entered sharply at
90◦ under direct vision.

For the umbilical camera port, we utilize a
5-mm radially dilating trocar to accommodate a
5-mm camera with either a 30 or a 0◦ lens. The
patient’s abdomen is insufflated at 1–2 l/min to a
pressure of 10–12 cmH2O. A general survey of
the abdomen is undertaken, inspecting the under-
lying bowel for injury that might have occurred
during port placement.

For left-sided procedures, the ureteropelvic
junction (UPJ) is accessed via a transmesenteric
approach in most cases, and for the right-sided
procedures, access is gained by mobilizing the
colon to the level of the hepatic flexure (Fig. 8.6).
The renal pelvis is usually readily identifiable,
even after placement of a double-J ureteral stent.
If the renal pelvis is not evident, the ureter can
be identified and traced proximally to the UPJ
and the renal pelvis. After the UPJ has been dis-
sected clear of the surrounding tissues, complete
transection and excision of the abnormal segment
can be performed (Fig. 8.7). Dissection can be
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Fig. 8.6 Obtaining access to left UPJO through the
mesentary

Fig. 8.7 Exposure of the UPJO

aided by early placement of an anterior pelvic
stay suture through the anterior abdominal wall.
If there is no crossing vessel, the pelvis can be
divided just above the UPJ to leave a “handle” of
distal pelvis on the ureter. If there are crossing
vessels, the pelvis is exposed above the vessels,
and the space behind the vessels is developed.
The ureter may be divided just above the UPJ,
and then the UPJ is lifted anterior to the vessels
for anastomosis. The ureter is spatulated laterally
(Fig. 8.8), and intracorporeal suturing using 5-0

Fig. 8.8 Spatulation of the ureter after dismemberment

Fig. 8.9 Intracorporeal suturing of the anastomosis

or 6-0 absorbable suture is performed to anasto-
mose the two segments (Fig. 8.9). An indwelling
double pigtail ureteral stent is placed into its final
position prior to completion of the anastomosis.
In rare occasions the stent is placed antegrade
over a guidewire if the ureteral stent was unable
to be placed retrograde at the beginning of the
case. After completion of the anastomosis, the
hitch stitch is removed and the renal pelvis is
placed back into orthotopic position. Prior to
closing the ports, excess urine and fluid, which
normally settles in the gravity-dependent por-
tions of the intraperitoneal cavity, are suctioned
to minimize bowl irritation and post-op ileus.
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The abdomen is surveyed a final time and
the pneumoperitoneum pressure is lowered.
Any occult bleeding should be identified and
addressed at this point. While maintaining pneu-
moperitoneum, the two accessory ports are
removed sequentially and inspected for bleed-
ing. The fascial layers of these trocar sites are
closed with 2-0 Vicryl suture. The laparoscopic
view is maintained on the port sites during
closure to ensure that it is airtight and free
of any intra-abdominal contents (i.e., bowel or
omentum). Through the umbilical port the pneu-
moperitoneum is evacuated. Larger tidal volumes
given by the anesthesiologist and mild abdom-
inal pressure help with the expulsion of CO2.
The umbilical trocar and camera are removed
while inspecting for bleeding. Fascial sutures are
placed in the umbilical port, the skin is closed,
and dressings are applied.

A Foley catheter is left overnight in all of these
cases. Generally, the patient stays overnight in
the hospital and is discharged home on a regular
diet. The stent is removed 4–6 weeks postopera-
tively. An office ultrasound is performed 1 and 6
months after stent removal if the patient remains
symptom free. We do not routinely perform a
Lasix renal scan and reserve this test for chil-
dren who remain symptomatic or children who
do not have improvement of their hydronephrosis
on ultrasound.

Outcomes

The first transperitoneal laparoscopic dismem-
bered pyeloplasty series of 18 children was
reported in 1999 by Tan [24]. Mean laparoscopic
time was 89 min and no patient required conver-
sion to an open procedure, although two patients
continued to have persistent obstruction and
required repeat laparoscopic pyeloplasty [24].
Other series have demonstrated that transperi-
toneal pyeloplasty has comparable efficacy and
success rates to the open procedure [15–17, 24,
25]. In a series of 46 children, Metzelder [26]
reported that transperitoneal laparoscopic pyelo-
plasty was safe and effective in children from

infancy until 18 years of age. In a series of eight
infants aged 3–5 months, Kutikov [27] demon-
strated that a transperitoneal approach was safe
and effective in children less than 6 months
of age.

In our series, 112 patients underwent
transperitoneal laparoscopic pyeloplasty for
the treatment of symptomatic or radiographic
UPJO, from 2001 to 2009. Mean patient age
was 9.4 years (0.2–20.5 years), and 15 patients
were under 18 months of age. Follow-up was
available on all 112 patients with a mean duration
of 15.3 months (0.6–84.5 months). There was
one open conversion in the series, for an open
conversion rate of 0.8%. Total laparoscopic
operative time was 254 min (102–525 min).
One intraoperative complication was reported
(0.8%), which resolved without any long-term
sequelae. There were 12 (10.8%) postoperative
complications; most were relatively minor with
complete resolution without long-term sequelae.
Postoperative ultrasound has been performed in
102 patients, with 99 (97%) patients demonstrat-
ing improvement of the UPJO. Three patients
(4%) continued to have symptomatic and/or
radiographic evidence of obstruction which
necessitated the need for adjunctive procedures,
which included laser endopyelotomy in two
patients and a re-do open pyeloplasty in one
patient. Of those cases that were completed
laparoscopically, the overall success rate was
97.2% (Sweeney et al., Laparoscopic pyelo-
plasty in the pediatric population: evolution of
technique, Not Published, 2009).

Retroperitoneal Approach

Retroperitoneal laparoscopic pyeloplasty is a
well-described technique with advocates sug-
gesting an easier dissection of the UPJ [22].
However, the working space is small and this
can become problematic in younger children,
particularly when performing the ureteropelvic
anastomosis [24, 28]. Because of these limita-
tions, some surgeons have made modifications to
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the technique including a laparoscopic-assisted
procedure that performs extracorporeal suturing
of the anastomosis at the level of the skin [29,
30]. In this section we will discuss the vari-
ous techniques and the outcomes associated with
them.

Technique

The retroperitoneal laparoscopic dismembered
pyeloplasty, as reported by Yeung, will be
described [31]. The modifications advocated by
other authors will be discussed later in the chapter
[18]. The patient is placed in a semi-prone posi-
tion with the flank at a 45◦ angle. A 1-cm incision
is made over the mid-axillary line about 4 cm
above the iliac crest, and the retroperitoneal space
is entered and developed using a glove balloon.
A 5-mm laparoscope is used, and two additional
working ports (3 or 5 mm) are inserted above and
below the camera port. A fourth port on occasion
is necessary and is typically inserted below the
12th rib, lateral to the paraspinus muscle.

The kidney is identified and Gerota’s fascia
is entered and the lower pole of the kidney is
exposed. At this point the renal pelvis and prox-
imal ureter are identified and are dissected free.
A 4-0 Prolene hitch stitch is passed percuta-
neous through the abdominal wall and is used
to elevate the renal pelvis to aid in dissection.
The UPJ is then dismembered, and the ureter is
spatulated prior to starting the anastomosis. The
anastomosis is completed with 6-0 Vicryl suture
in a running fashion. If a double-J ureteral stent
is not placed at the beginning of the case, it
is inserted antegrade prior to completion of the
anterior layer of the anastomosis. The hitch stitch
is removed and the reconstructed UPJ is placed
in its orthotopic position. The retroperitoneum
is deinsufflated and the ports are closed in the
previously described manner.

El Ghoneimi [18] described his retroperitoneal
laparoscopic approach in a series that was pub-
lished 2003. His modifications include placing
the first port 1 cm from the lower border of
the tip of the 12th rib and dissecting down to

Gerota’s fascia through a muscle-splitting inci-
sion. Gerota’s fascia is opened under direct vision
and the first trocar is placed inside this layer.
Dissection of Gerota’s fascia is made by insufflat-
ing with CO2. A 0◦ laparoscope is inserted into
this port. A second 3-mm port is inserted posteri-
orly near the costovertebral angle, and the third 3-
mm port is inserted 1 cm superior to the top of the
iliac crest in the anterior axillary line. Dissection
of the UPJ is carried out as described above;
however, they recommend dismembering the UPJ
in the most dependent location so as to leave a
handle of renal pelvis and ureter connected to
minimize tension of the repair when the anas-
tomosis is being sewn. This handle of tissue is
resected at the conclusion of the anastomosis.

Outcomes

In Yeung’s initial series of retroperitoneal laparo-
scopic dismembered pyeloplasty, there was one
open conversion out of 13 patients [31]. Mean
laparoscopic time was 143 min, and there were
no intraoperative or postoperative complications
[31]. Of the 12 completed cases, all demonstrated
an improvement in the radiographic imaging of
the UPJO [31]. In the largest series to date,
El Ghoneimi [18] reported a series of 22 cases
with four open conversions. Mean operative time
was 228 min, and average hospital stay was
2.5 days [18]. In the only retrospective compar-
ison published to date between retroperitoneal
laparoscopic pyeloplasty and open pyeloplasty,
Bonnard reported a significant decrease in both
hospital stay (2.4 vs. 5 days) and postoperative
acetaminophen requirement for patients under-
going retroperitoneal laparoscopic pyeloplasty.
However, when compared to the open group,
the laparoscopic group had a significantly longer
mean operative time (219 vs. 96 min) [22].

Due to the limitations of the retroperitoneal
technique, Farhat describes a retroperitoneal-
assisted laparoscopic pyeloplasty technique that
has the advantage of the laparoscopic UPJ dissec-
tion but performs the dismembered anastomosis
in an extracorporeal fashion [30]. This approach
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is based on the principles of the dorsal lum-
botomy incision. In this technique a urethral
catheter is placed and connected to an infusion
of methylene blue-tinted saline. The patient is
placed in the flank position, and a 1 cm incision is
made inferior to the tip of the 12th rib. To mini-
mize gas leakage from the retroperitoneum, 2-0
absorbable sutures are placed in a purse-string
fashion in the abdominal fascial layers. A 10-
mm Hassan trocar with a blunt tip is inserted
into this incision around the perinephric space,
and the retroperitoneal space is insufflated with
CO2. Posterior mobilization of the kidney is per-
formed bluntly using the laparoscope, and two
additional 5-mm ports are placed: one anterior
to the paraspinal muscles and the other superior
to the anterior superior iliac spine. Once these
ports are placed, further dissection of the kid-
ney and UPJ is performed. A 5-0 Prolene stay
suture is placed through the 10-mm trocar into
the atretic segment of the UPJ and the needle end
is brought through the same trocar. At this point
a portion of the renal pelvis and UPJ is brought
through the 10-mm port incision after removal
of the Hassan trocar. Multiple stay sutures are
recommended to lessen the tension placed dur-
ing manipulation. Prior to bringing the UPJ to the
level of the skin, the ureter is transected below
the level of the obstruction, and the renal pelvis
and the ureter are brought to the level of the
skin separately. Completion of the anastomosis
with 6-0 PDS is accomplished extracorporeally,
and prior to completion of the anastomosis, a
double-J ureteral stent is placed antegrade. Efflux
of methylene blue from the stent indicates cor-
rect position of the distal portion into the bladder.
A Penrose drain is placed through one of the
5-mm port sites, the UPJ is returned into the
retroperitoneum, and the flank and port sites are
closed.

Outcomes

In Farhat’s initial series,this procedure was per-
formed successfully in 10 patients, with an
average operative time of 160 min [30]. There

were two open conversions and postoperative
urine leak in one patient. All patients demon-
strated improvement in their obstruction post-
procedure as measured by diuretic renography
[30]. In the largest series to date, using this tech-
nique with some minor modifications, Abraham
reported 39 procedures, with a mean operative
time of 147 min. All cases were completed
in the retroperitoneal-assisted laparoscopic fash-
ion with no open conversions [29]. There was
improved function of the kidney in 37 patients,
no improvement in 1 patient, and deterioration of
renal function in 1 patient, for an overall success
rate of 94.8% [29].

Robotic-Assisted Laparoscopic
Pyeloplasty

Technological advances in the field of laparo-
scopic surgery have allowed for the applica-
tion of robotic technology, which was first
described by Partin [32] in the adult urologic
population. There are few studies that have
examined its use in pediatric population. Robotic-
assisted laparoscopy allows three-dimensional
visualization and seven degrees of freedom, mak-
ing suturing and fine motor movements more
intuitive; however, there is loss of tactile feed-
back. Moreover, the use of the robot often
requires additional and larger ports as compared
to standard laparoscopy. However, the technol-
ogy continues to evolve, and 8- and 5-mm port
sizes are now available. Compared to traditional
laparoscopy, the overall cost of equipment and
training is much higher for the robotic device, and
the equipment is not universally available.

Laparoscopic pyeloplasty seems a natural can-
didate for a robotic assistance, given the del-
icate intracorporeal suturing required for the
procedure. This procedure can be performed
through either a transperitoneal or a retroperi-
toneal approach. The robot is most helpful to
those early in the learning curve, and its major
value will be in increasing access to minimally
invasive procedures in centers lacking experience
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in complex laparoscopic technique. The follow-
ing techniques are as described by Casale [33].

Robotic-Assisted Transperitoneal Approach

After cystoscopy and insertion of the double-J
ureteral stent, the patient is placed in a mod-
ified flank position. The first robotic trocar is
placed at the umbilicus, and a 0◦ robotic tele-
scope is inserted. A robotic arm trocar is inserted
subcostal and lateral to the ipsilateral rectus
muscle, and the second robotic arm trocar is
inserted 1 cm above the top of the iliac crest
lateral to the ipsilateral rectus muscle. The UPJ
dissection is performed in the identical man-
ner as described in Section “Transperitoneal
Laparoscopic Pyeloplasty.” The anastomosis is
similar to the transperitoneal laparoscopic tech-
nique in that it is performed in a running fashion
with 6-0 absorbable suture.

Robotic-Assisted Retroperitoneal Approach

The patient is placed in either a modified semi-
prone position for a left-sided operation or a
45◦ right lateral decubitus position for right-sided
procedures. Retroperitoneal access is achieved
by making a 1.5 cm muscle-splitting incision
off the lower border of the tip of the 12th rib.
The port is inserted and fixed with a purse-string
suture around the abdominal fascial layers. The
retroperitoneal space is created by insufflation of
CO2. The 8-mm robotic trocar is inserted poste-
rior near the costovertebral angle, and the other
8-mm robotic trocar is inserted 10 mm above
the top of the iliac crest at the anterior axillary
line. The kidney is approached posteriorly and
lower pole of the kidney is exposed by entering
Gerota’s fascia parallel to the psoas muscle. The
UPJ is dissected free and stay sutures are placed
to help keep orientation and to aid in manipula-
tion. The renal pelvis is dismembered partially, at
the most dependent part, and the ureter is partly

divided and spatulated. The anastomosis is then
performed in the identical manner as described in
the previous section.

Outcomes

In a comparison between adult laparoscopic
pyeloplasty performed with the da Vinci
(Intuitive Surgical, Sunnyvale, CA) robotic
system to procedures performed with standard
laparoscopic techniques, Gettman [34] reported
decreased operative times with robotic assis-
tance. However, these results have not been
duplicated. In a prospective comparison in
adults, Link [35] reported that mean operative
and total room times for robotic-assisted laparo-
scopic pyeloplasty were significantly longer
than those of standard laparoscopic pyeloplasty
by 19.5 and 39.0 min, respectively. Further,
the robotic laparoscopic pyeloplasty was 2.7
times more costly than the laparoscopic pyelo-
plasty due to longer operative time, increased
consumables costs, and depreciation of the
da Vinci system [35]. Link concluded that for
the experienced laparoscopist, application of
the da Vinci robot resulted in no significant
clinical advantage and added substantial cost
to transperitoneal laparoscopic dismembered
pyeloplasty [35]. Initial series in the pediatric
urology literature have demonstrated that the
robotic technique is technically feasible and
safe; however, operative times did not approach
those of the standard open procedure, and there
was no clear advantage in the reduction of post-
operative morbidity compared to the standard
laparoscopic pyeloplasty [19, 36–38]. However,
Olsen described his experience of robot-assisted
retroperitoneoscopic pyeloplasty, over a 5-year
period, and reported shorter operative times and
complication rates comparable to the transperi-
toneal robotic-assisted pyeloplasty, standard
laparoscopic pyeloplasty, and open pyeloplasty
in the pediatric population [39].

Early results with robotic-assisted laparoscopy
are encouraging and warrant further evaluation.
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Hopefully, the technology will advance to a point
where it becomes advantageous even to those
with significant reconstructive experience.

Conclusion

The spectrum of laparoscopic urological surgery
in children continues to expand, although it still
lags behind its adult counterparts. Procedures
such as laparoscopic pyeloplasty and laparo-
scopic reconstructive surgery have only recently
been introduced and are primarily available at
centers with advanced laparoscopic experience.
Laparoscopic pyeloplasty for UPJO in the pedi-
atric population is technically challenging; how-
ever, with experience, excellent success rates
with few complications and reasonable opera-
tive times can be expected. Results are consistent
with those for open pyeloplasty, with poten-
tially less postoperative incisional discomfort, a
quicker convalescence, and an excellent cosmetic
outcome. In experienced hands, laparoscopic
pyeloplasty should be considered an accepted
technique for repair of ureteropelvic junction
obstruction. As the field continues to evolve with
improvement in technology and surgeons enter-
ing the profession with basic laparoscopic back-
grounds, pediatric urologic laparoscopy will also
continue to progress. It is our hope that mini-
mally invasive approaches to urologic conditions
will become more available to children in the near
future.

Critical Operative Steps for
Transperitoneal Laparoscopic
Pyeloplasty

1. Cystoscopy and retrograde pyelogram of the
affected side to assess the anatomy.

2. Double-J ureteral stent is inserted into the
kidney.

3. The patient is then repositioned in a 45◦ flank
position and the patient is secured to the bed
with wide tape at the level of the chest and
low thigh.

4. Access into the peritoneum is achieved in
an open fashion at the umbilicus. For the
umbilical camera port, we utilize a 5-mm
radially dilating trocar to accommodate a
5-mm camera with either a 30◦ or a 0◦
lens.

5. The patient’s abdomen is insufflated at 1–
2 l/min to a pressure of 10–12 cmH2O.
A general survey of the abdomen is
undertaken.

6. For left-sided procedures, the ureteropelvic
junction (UPJ) is accessed via a transme-
senteric approach, and for the right-sided
procedures, access is gained by mobiliz-
ing the colon to the level of the hepatic
flexure.

7. The UPJ is dissected clear of the surround-
ing tissues, and complete transection and
excision of the abnormal segment can be per-
formed. If there is no crossing vessel, the
pelvis can be divided just above the UPJ
to leave a “handle” of distal pelvis on the
ureter. If there are crossing vessels, the pelvis
is exposed above the vessels, and the space
behind the vessels is developed. The ureter
may be divided just above the UPJ, and then
the UPJ is lifted anterior to the vessels for
anastomosis.

8. The ureter is spatulated laterally and intra-
corporeal suturing using 5-0 or 6-0 absor-
bable suture is performed to anastomose the
two segments.

9. An indwelling double pigtail ureteral stent is
placed into its final position prior to comple-
tion of the anastomosis.

10. Renal pelvis is placed back into orthotopic
position.

11. The abdomen is surveyed a final time and
the pneumoperitoneum pressure is lowered.
While maintaining pneumoperitoneum, the
two accessory ports are removed sequentially
and inspected for bleeding. The fascial layers



106 D.D. Sweeney and S.G. Docimo

of these trocar sites are closed with 2-0
Vicryl suture.

12. Through the umbilical port the pneumoperi-
toneum is evacuated. The umbilical trocar
and camera are removed while inspecting
for bleeding. Fascial sutures are placed in
the umbilical port, the skin is closed, and
dressings are applied.

Critical Operative Steps for
Retroperitoneal Laparoscopic
Pyeloplasty

1. Cystoscopy performed as previously descri-
bed for the transperitoneal approach.

2. The patient is placed in a semi-prone position
with the flank at a 45◦ angle.

3. A 1-cm incision is made over the mid-
axillary line about 4 cm above the iliac crest,
and the retroperitoneal space is entered and
developed using a glove balloon.

4. A 5-mm laparoscope is used, and two addi-
tional working ports (3 or 5 mm) are inserted
above and below the camera port.

5. The kidney is identified and Gerota’s fascia
is entered and the lower pole of the kidney
is exposed. At this point, the renal pelvis
and proximal ureter are identified and are
dissected free.

6. A 4-0 Prolene hitch stitch is passed percu-
taneously through the abdominal wall and
is used to elevate the renal pelvis to aid in
dissection.

7. The UPJ is then dismembered, and the ureter
is spatulated prior to starting the anastomo-
sis. The anastomosis is completed with 6-0
Vicryl suture in a running fashion.

8. If a double-J ureteral stent is not placed at the
beginning of the case, it is inserted antegrade
prior to completion of the anterior layer of
the anastomosis.

9. The hitch stitch is removed and the recon-
structed UPJ is placed in its orthotopic
position.

10. The retroperitoneum is deinsufflated and the
ports are closed in the previously described
manner.

Critical Operative Steps for
Retroperitoneal-Assisted
Laparoscopic Pyeloplasty

1. A urethral catheter is placed and connected to
an infusion of methylene blue-tinted saline.

2. The patient is placed in the flank position, and
a 1-cm incision is made inferior to the tip of
the 12th rib.

3. A 10-mm Hassan trocar with a blunt tip is
inserted into this incision around the per-
inephric space, and the retroperitoneal space
is insufflated with CO2.

4. Posterior mobilization of the kidney is per-
formed bluntly using the laparoscope, and two
additional 5-mm ports are placed: one ante-
rior to the paraspinal muscles and the other
superior to the anterior superior iliac spine.

5. Dissection of the kidney and UPJ is per-
formed. A 5-0 Prolene stay suture is placed
through the 10-mm trocar into the atretic seg-
ment of the UPJ and the needle end is brought
through the same trocar. A portion of the renal
pelvis and UPJ is brought through the 10-mm
port incision after removal of the Hassan tro-
car.

6. Multiple stay sutures are placed to lessen the
tension placed during manipulation. Prior to
bringing the UPJ to the level of the skin,
the ureter is transected below the level of the
obstruction, and the renal pelvis and ureter are
brought to the level of the skin separately.

7. Completion of the anastomosis with 6-0 PDS
is accomplished extracorporeally, and prior
to completion of the anastomosis a double-J
ureteral stent is placed antegrade.

8. Efflux of methylene blue from the stent indi-
cates correct position of the distal portion into
the bladder.

9. A Penrose drain is placed through one of the
5-mm port sites, the UPJ is returned into the
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retroperitoneum, and the flank and port sites
are closed.

Critical Operative Steps for
Robotic-Assisted Transperitoneal
Pyeloplasty

1. Cystoscopy and patient positioning performed
in the same manner as the transperitoneal
laparoscopic pyeloplasty.

2. The first robotic trocar is placed at the umbili-
cus, and a 0◦ robotic telescope is inserted.

3. A robotic arm trocar is inserted subcostal and
lateral to the ipsilateral rectus muscle, and the
second robotic arm trocar is inserted 1 cm
above the top of the iliac crest lateral to the
ipsilateral rectus muscle.

4. The UPJ dissection and anastomosis are per-
formed in the identical manner as described
for transperitoneal laparoscopic pyeloplasty.

Critical Operative Steps for
Robotic-Assisted Retroperitoneal
Pyeloplasty

1. The patient is placed in either a modified semi-
prone position for a left-sided operation or a
45◦ right lateral decubitus position for right-
sided procedures.

2. Retroperitoneal access is achieved by mak-
ing a 1.5-cm muscle-splitting incision off the
lower border of the tip of the 12th rib. The port
is inserted and fixed with a purse-string suture
around the abdominal fascial layers.

3. The retroperitoneal space is created by insuf-
flation of CO2.

4. The 8-mm robotic trocar is inserted posterior
near the costovertebral angle, and the other 8-
mm robotic trocar is inserted 10 mm above
the top of the iliac crest at the anterior axillary
line.

5. The kidney is approached posteriorly and
the lower pole of the kidney is exposed by

entering Gerota’s fascia parallel to the psoas
muscle.

6. The UPJ is dissected free and stay sutures are
placed to help keep orientation and to aid in
manipulation.

7. The renal pelvis is dismembered partially, at
the most dependent part, and the ureter is
partly divided and spatulated.

8. The anastomosis is then performed in the
identical manner as described in the previous
section.

Critical Instruments

1. Laparoscopic ports
2. Laparoscopic scissors with Bovie attachment
3. Laparoscopic needle drivers (3 or 5 mm)
4. Laparoscopic graspers and forceps (3 or

5 mm)
5. Laparoscopic cautery devices 5 mm (har-

monic scalpel; Ethicon, Cincinnati).
6. da Vinci robot system (Intuitive Surgical,

Sunnyvale, CA)
7. 5-0 or 6-0 absorbable suture for anastomosis
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Chapter 9

Pediatric Robotic (Infant, Pre-pubertal, and Teenager)
Pyeloplasty for Ureteropelvic Junction Obstruction

Yoshiyuki Kojima and Pasquale Casale

Ureteropelvic junction obstruction (UPJO)
is characterized by a functionally significant
impairment of urinary transport caused by an
intrinsic or an extrinsic obstruction in the area
where the ureter joins the renal pelvis. This
results in the gradual dilatation of the renal
collecting system (hydronephrosis) and may
lead to deterioration of renal function and pain.
Therefore, the main goals of treatment are the
preservation of renal function and the relief of
symptoms.

Open pyeloplasty remains the standard sur-
gical repair; however, conventional laparoscopic
pyeloplasty has gained acceptance as a fea-
sible and reliable treatment associated with
minimal morbidity in the pediatric population,
because it has several advantages over stan-
dard open pyeloplasty. The main advantages
of conventional laparoscopic pyeloplasty include
more rapid recovery, improved cosmetic out-
come, less postoperative pain, and, consequently,
lower analgesic requirements and shorter hospi-
tal stays. Even a 3–5 cm posterior lumbodorsal
incision for open pyeloplasty necessitates sev-
eral weeks before a return to normal activity
and a flank incision requires even more time [1],
because the muscle incision and damage seem
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to be more than anticipated and significant tis-
sue retraction is needed to expose the operative
field. On the other hand, conventional laparo-
scopic pyeloplasty needs only a 5–12 mm skin
incision and less muscle damage corresponds to
the skin incision and can be performed safely
with good exposure. Other main advantage is
that conventional laparoscopic pyeloplasty makes
increased magnification improving visualization
and control excellent. In addition, all medical
staff, including the surgeons, assistants, anesthe-
siologist, nurses, residents, and medical students,
share the same real-time operative view through
the monitor. This enables us not only to avoid
complications and technical insecurity but also to
better educate inexperienced surgeons, residents,
and medical students. However, the main disad-
vantage of conventional laparoscopic pyeloplasty
is that operative times are significantly higher
than open pyeloplasty [2, 3]. In particular, laparo-
scopic suturing for children is challenging and
time consuming and requires a learning curve
because of technical difficulty [2].

Robotic surgery may offer a significant ben-
efit to those undertaking a pyeloplasty, espe-
cially when performing intracorporeal suturing
for an anastomosis. The da Vinci Surgical System
(Intuitive Surgical, Sunnyvale, CA, USA) pro-
vides movements of the robotic arm in real time
with increased degree of freedom and a mag-
nified three-dimensional (D) view. Impediments
encountered with conventional laparoscopy in
performing a pediatric pyeloplasty may be over-
come by utilizing the da Vinci Surgical System.

109M.C. Ost (ed.), Robotic and Laparoscopic Reconstructive Surgery in Children and Adults,
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Consequently there may be a decrease in the
learning curve encountered when performing
a conventional laparoscopic pyeloplasty [4, 5].
However, no direct comparison study between
pediatric conventional laparoscopic and robotic
pyeloplasty has been performed to support this.

The purpose of this chapter is to discuss the
role of robotics in performing a pyeloplasty in
pediatric population. Technical aspects of the
procedure are described.

Diagnosis

Hydronephrosis is the most common abnormal
finding in the urinary tract on prenatal screen-
ing with ultrasounds. Although antenatal
hydronephrosis can be the result of non-
obstructive processes such as vesicoureteral
reflux (VUR) and non-refluxing non-obstructed
megaureters, 50% of these cases are UPJO.
Therefore, neonates suspected to have this
condition are usually evaluated for obstruc-
tion using renal ultrasounds and diuretic
renograms. A diuretic renogram using 99mTc-
diethylenetriaminepentaacetic acid (DTPA) or
99Tcm-mercaptoacetyltriglycine (MAG3) will
usually help to determine the presence or the
absence of an obstruction, providing an indica-
tion for surgical intervention in a hydronephrotic
kidney(s).

We have recently performed MR urography
(MRU) for children with UPJO, which can com-
bine both anatomic and quantitative functional
information of each kidney in a single test
without radiation exposure [6, 7]. Anatomical
assessment by MRU includes renal size, degree
of hydronephrosis based on Society for Fetal
Urology, renal pelvic dilation with ureteral nar-
rowing, renal pelvis anterior–posterior diam-
eter, and the diagnosis of crossing vessels.
Preoperative assessment of a crossing vessel at
the UPJO may be of importance for preoper-
ative planning. On the other hand, functional
assessment by MRU includes differential renal
function, single kidney glomerular filtration rate
(GFR) index, and renal transit time [6]. MRU

is capable of providing a comprehensive evalu-
ation of pediatric hydronephrosis and obstructive
uropathy that could ultimately help select those
patients most likely to benefit from surgical inter-
vention.

Debate continues as to whether or not a void-
ing cystourethrogram might be utilized to rule out
VUR and lower urinary anomalies as a cause of
the hydronephrosis or as a concomitant finding
[8]. Excretory urogram and retrograde pyelogram
might be sometimes useful for children to demon-
strate the anatomic details and other anomalies of
the urinary tract system, but they are not routinely
necessary before robotic pyeloplasty.

Symptoms of UPJO are typically seen in pre-
pubertal or teenager but can be seen in infants
and include any combination of back and flank
pain, hematuria, failure to thrive, flank mass,
constipation, and pyelonephritis [8].

Indications

The indications of robotic pyeloplasty, which
are similar to those for open and conventional
laparoscopic pyeloplasty, included an increasing
degree of hydronephrosis, a low split renal func-
tion (<40%), an obstructive pattern on diuretic
renogram, and/or progressive deterioration of
renal function during follow-up associated with
or without symptoms. The patients may have
undergone percutaneous nephrostomy or double-
J ureteral stent placement before surgery because
of acute renal failure, abdominal pain, or enor-
mous hydronephrosis.

Conventional laparoscopic pyeloplasty is safe
and effective in small infants and can be per-
formed with outcomes comparable to those of
open pyeloplasty [9–11]. Although a larger sam-
ple size is needed, we previously presented our
early small experience with robotic pyeloplasty
in infants, demonstrating a successful outcome in
nine infants (ages 3–8 months) who underwent
robotic pyeloplasties [12].

A smaller working space can induce col-
lision of the various parts of the robot and
could be a limiting factor while performing
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complex manipulative procedure such as suturing
an anastomosis between the renal pelvis and the
ureter in a restricted space [13]. It is our opinion
that robotic pyeloplasty is certainly technically
possible yet challenging in small infants. At this
time, open or conventional laparoscopic pyelo-
plasty may be a more acceptable option for small
infants with UPJO. However, additional advance-
ment in robotic technology will address this lim-
itation when performing a robotic pyeloplasty in
a smaller infant.

Instruments and Supplies

Typically, an open access technique is used for
the 12-mm camera port. We usually place cam-
era port in the superior aspect of the umbilicus.
The abdomen is insufflated with CO2 at a pres-
sure of 10–15 mmHg with a flow rate of 10 l/min
to observe the inside of the abdominal cavity
clearly using a 12-mm, 0◦ telescope. A 5-mm
endoscope is available but is monocular and can-
not provide the 3D image of the larger scope.
Two additional working 5-mm trocars are usually
inserted. The robot has instruments that are avail-
able in both 8 and 5 mm sizes. A fourth arm is
available for grasping and retraction. We utilize
Maryland bipolar forceps as a grasper and either
monopolar hook device or curved scissors dur-
ing dissection. Robotic needle driver can make
suturing easier. The techniques and technology
have evolved allowing identical results and utiliz-
ing 5-0, 6-0, and 7-0 sutures as in open surgeries.
We typically utilize 6-0 monofilament absorbable
suture, but one can use any 5-0 or 6-0 suture
depending on the size of the patient. We do not
recommend anything larger than 6-0 for small
children and infants.

Surgical Technique

General Procedures

The patient is placed in a modified flank posi-
tion with a 60◦ elevation of the flank. The

patient is placed as close to the edge of the
bed as possible and secured with towels and
silk tape. The urethral catheter is introduced
into the operative field for intraoperative access
to allow instillation of saline, with an indica-
tor for verification of antegrade double-J pig-
tail stent placement in the bladder, as described
below.

In pre-pubertal or teenager, ports are placed in
the umbilicus for the camera port, midline above
the umbilicus, and mid clavicular line below the
umbilicus for the working ports. In infants, how-
ever, the upper working port should be placed
sub-xiphoid in the midline and the lower working
port as lateral as possible to the rectus muscle and
close to the inguinal region (Fig. 9.1). After the
port placement, it is helpful to use conventional
laparoscopic instrumentation to manipulate the
bowel and make additional plans for the surgical
access. At this point in the operation, any nec-
essary additional patient rotation or repositioning
must be performed as it is nearly impossible to
be done after robotic docking. The robotic device
is docked from the ipsilateral side, and the robotic
arms are engaged. The surgical procedures follow
the same rules as the conventional laparoscopic
approach. The choice of the transperitoneal or
the retroperitoneal approach depends on the sur-
geon’s experience. The UPJ is exposed transme-
senterically on the left (Fig. 9.2) or by mobilizing
the colon on the right. If one chooses colonic
mobilization on the left, it must be taken medi-
ally over the aorta. A precise dissection of the
UPJ is required to evaluate the cause of UPJO.
Crossing vessels are often encountered. They
may appear posteriorly or anteriorly from a lower
pole artery; additional small arterial branches
or small lumber or gonadal veins crossing the
ureter may be encountered [14]. Any crossing
vessel should be completely isolated. The ureter
should also be fully freed from surrounding struc-
tures and periureteral bands. After exposure of
UPJO, a hitch stitch is passed through the abdom-
inal wall and is placed to elevate and stabilize
the pelvis if so desired. We use a hitch stitch
if a pyelolithotomy is necessary. The choice of
the dismembered (Fig. 9.3) or non-dismembered
pyeloplasty (Fig. 9.4) depends on the surgeon’s
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Fig. 9.1 Ports placement of right robotic pyeloplasty in pre-pubertal/teenager (a) and infant (b)

Fig. 9.2 UPJ is exposed transmesenterically on the left.
Care should be taken to avoid mesenteric artery or bowel
injury

experience or the anatomy of the renal pelvis
and the ureter such as the presence of crossing
vessels.

After the pelvis is incised, the ureter is spatu-
lated laterally and the anastomosis is performed
using a running suture (Fig. 9.5). A double-J
ureteral stent is placed after the posterior wall
closure is complete (Fig. 9.6). This maneuver

Fig. 9.3 Dismembered pyeloplasty. Incision of renal
pelvis, UPJ and ureter, and spatulation of the ureter lat-
erally

affords visualization of the anterior wall closure
and prevents twisting of the ureter. The double-J
ureteral stent placement is performed by placing
an 18-gauge angiocatheter through the anterior
abdominal wall. A guide wire is then placed in an
antegrade fashion. The stent is then passed over
the guide wire. We recommend filling the blad-
der with saline or methylene blue so that one can
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Fig. 9.4 Non-dismembered pyeloplasty (modified bypass
plasty). Longitudinal incision on the lateral side from the
renal pelvis to the ureter through the stenotic segment of
UPJ

Fig. 9.5 Anastomosis using a running suture (dismem-
bered pyeloplasty)

Fig. 9.6 A double pigtail stent placement after the poste-
rior wall closure is complete

observe the efflux of urine when there is access
into the bladder by the stent. The stent can also be
placed retrograde with a tether left on, facilitating
removal as an outpatient.

Approach: Transperitoneal or
Retroperitoneal Approach

Open pyeloplasty is performed through the
retroperitoneal approach, which has the advan-
tage of less risk of intraperitoneal organ injury,
postoperative ileus, and avoidance of potential
deleterious effects of peritoneal exposure to
blood and urine. Although adhesions may occur
with transperitoneal laparoscopic procedures, the
incidence appears lower than would be expected
with open exploration [15]. Recently, several
reports have demonstrated the usefulness of con-
ventional retroperitoneoscopic pyeloplasty for
children; however, Canon et al. [16] reported
in their comparison study between transperi-
toneal and retroperitoneal approaches in children
that no major difference exists between the two
approaches for correcting UPJO, although the
average operative time for the retroperitoneo-
scopic approach was significantly longer than
that for the transperitoneal approach. Metzelder
et al. [11] concluded that no disadvantage was
attributable to a transperitoneal approach in chil-
dren.

Robotic pyeloplasty can be also performed
using a transperitoneal [12, 17–19] or a retroperi-
toneal approach [19, 20]. There have been no
large-scale randomized or prospective studies
comparing these different techniques. So as not
to limit our working space, we utilize a transperi-
toneal route. Robotic pyeloplasty via a retroperi-
toneal approach remains a technically challeng-
ing procedure in children because the level of dif-
ficulty of manipulation certainly increases in the
retroperitoneum [12]. In fact, there are only two
reports on the experiences of pediatric robotic
pyeloplasty using retroperitoneal approach [19,
20]. Hopefully, such difficulties may be over-
come with improvement in operative skill and
advancement of robotic technology.
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Access: Retrocolic or Transmesenteric
Access

Traditionally, a transperitoneal laparoscopic
approach to the UPJO has been performed in
retrocolic fashion by reflecting the colon and its
mesentery medially to expose the renal pelvis
and the ureter. A transmesenteric approach to the
retroperitoneum may be a better option for left
pyeloplasty, allowing direct access to left UPJ
with little or no bowel manipulation and shorter
operative time [21].

Technique: Dismembered or
Non-dismembered Robotic
Pyeloplasty

The surgical procedures of robotic dismem-
bered pyeloplasty follow the same steps as
the open Anderson–Hynes technique (Fig. 9.7).
The stenotic segment is excised and, if neces-
sary, reduction of the renal pelvis accomplished.
Position stay sutures should be used with caution

to avoid recurrent UPJO since they may leave
the renal pelvis and the ureter in an unfavorable
position once released and allow to fall back [22].

Non-dismembered pyeloplasty includes the
“Fenger-plasty using the Heinicke–Miculicz
principle” of a longitudinal incision of the UPJO
and vertical suturing, “Y–V plasty” with a
V-shaped incision of the renal pelvis, an addi-
tional incision of the stenosis including spatula-
tion of the ureter (Y-shaped), and a subsequent
closure as a V flap (Fig. 9.8), and “bypass pyelo-
plasty” with side-to-side anastomosis between
the dilated portion of the ureter just distal to the
UPJO and the lower and dependent portion of
the hydronephrotic renal pelvis [23]. The Fenger-
plasty using the Heinicke–Miculicz principle has
been abandoned due to inferior long-term suc-
cess rate. Y–V plasty is better suited for a high
insertion of the ureter into the pelvis or for
small extrarenal pelvis. Bypass pyeloplasty may
be a more physiologic procedure in patients with
mid to high insertion of the ureter [23]. We
have recently preferred robotic-modified bypass
pyeloplasty for children without crossing vessels,
which involves an extended longitudinal inci-
sion on the lateral side from the renal pelvis
to the ureter through the stenotic segment of

Fig. 9.7 Dismembered
pyeloplasty (Anderson–Hynes
plasty); the stenotic segment
is excised, and the ureter is
spatulated along its lateral
border to increase the area of
the anastomosis which is
accomplished with running
sutures

Fig. 9.8 Non-dismembered
pyeloplasty (Y–V plasty);
creation of a V-shaped
incision of the renal pelvis, an
additional incision of the
stenosis including spatulation
of the ureter (Y-shaped) and a
closure as a V flap are made
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Fig. 9.9 Non-dismembered
pyeloplasty (modified bypass
plasty): longitudinal incision
on the lateral side from the
renal pelvis to the ureter
through the stenotic segment
of UPJ and subsequent
side-to-side anastomosis
between renal pelvis and
ureter with running suture is
made

UPJ that is created by side-to-side anastomosis
between renal pelvis and ureter with running
suture (Fig. 9.9).

In general, the main advantage of dismem-
bered pyeloplasty is the complete excision of
stenotic segment of UPJ. On the other hand,
non-dismembered pyeloplasty is technically eas-
ier because the ureter is not completely transected
from the renal pelvis, facilitating tension-free
suturing, especially with placement of the first
stitch [24], and, as a result, it may enable to
reduce suturing time. Comparison study may be
required to clarify which procedure is more suit-
able to robotic performance in children, although
the choice between these types of procedures
basically depends on the surgeon’s experience,
the anatomy of the renal pelvis and the ureter, and
other intraoperative findings.

Postoperative Management
and Follow-up

Postoperative Pain Management

Postoperative pain management for children is
always an area for debate, although signifi-
cant improvements have recently been made.
Injection of the port sites does aid in postoper-
ative pain control. An anti-inflammatory such as
Ketorolac has also been beneficial to control pain
in our experience. For all the patients undergoing
robotic procedures at our institution, we utilize
intra-thecal opioid injection. We have found that

there is decreased length of stay and postopera-
tive pain [25]. There are no intravenous rescues
in the first 24 h postoperatively. Ketorolac is our
drug of choice for added pain management. On
the other hand, Freilich et al. [26] have recently
reported that the administration of intraperitoneal
aerosolized bupivacaine just prior to incising the
perirenal fascia appears to be a simple, effective,
and low-cost method to reduce postoperative pain
in children undergoing robotic pyeloplasty.

Postoperative Care and Follow-up

Urethral catheter is left overnight for bladder
drainage. Double-J ureteral stent is taken out in
2–4 weeks under general anesthesia. If double-J
ureteral stent is displaced in the distal ureter, it
can be removed using a ureteral basket catheter
ureteroscopically.

Postoperative renal ultrasound is usually per-
formed 4 weeks after pyeloplasty with the stent
indwelling to document the baseline appear-
ance of the postoperative collecting system.
Asymptomatic patients are followed by renal
ultrasound at 3 and 6 months postoperatively.
Diuretic renogram is performed for symptomatic
patients or if the hydronephrosis worsened or
did not improve after 3 months. Failure usually
occurs within the first year postoperatively.

Outcome

Previous series of robotic pyeloplasties in a
pediatric population is shown in Table 9.1. The
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Table 9.1 Previous series of robotic assisted pyeloplasties in a pediatric population

References Atug et al. [17] Yee et al. [18] Lee et al. [19] Kutikov et al.
[12]

Olsen et al. [20]

Approach Transperitoneal Transperitoneal Transperitoneal (32)
Retroperitoneal (1)

Transperitoneal Retroperitoneal

No. patients 7 8 33 9 67
Mean age years (range) 13.0 (6–15)

years
11.5 (6.4–15.6)

years
7.9 (0.2–19.6) years 5.6 (3–8) months 7.9 (1.7–17.1)

years
Mean OR time (min)

(range)
184 (165–204) 363 (255–522) 219 (133–401) 123 143 (93–300)

Length of stay
(days)(range)

1.2 (1.0–1.3) 2.4 (1.0–5.0) 2.3 (0.5–6.0) 1.4 2.0 (1.0–6.0)

Postoperative
complications (no.)

1 1 1 0 11

Mean follow (months) 10.9 (2.0–18.0) 14.7 (2–24) 10.0 (0.4–28.0) – 12.1 (0.9–49.1)
Success rate (%) 100.0 100.0 93.9 100.0 94.0

results described in the literature show similar
success as the ‘‘gold standard’’ open pyelo-
plasty of around 95% [12, 17–20, 27, 28]. Atug
et al. [17] performed robotic pyeloplasty success-
fully for seven children and demonstrated that no
patient required additional procedures postoper-
atively. In addition, Olsen et al. [20] performed
robotic-assisted retroperitoneoscopic pyeloplasty
for 65 children and demonstrated that success
rate was 94%. On the other hand, there are
two reports comparing an age matched cohort
undergoing open pyeloplasty to robotic pyelo-
plasty in children for safety and efficacy [18,
19]. Yee et al. [18] reported that eight pedi-
atric patients underwent robotic pyeloplasty and
were matched by age group with patients under-
going open pyeloplasty, and all robotic proce-
dures were successful as determined by sub-
jective data using pain scales and radiologic
data. Additionally, Lee et al. also performed a
retrospective case–control study of 33 patients
undergoing robotic pyeloplasty and 33 undergo-
ing open pyeloplasties, and reported that robotic
pyeloplasty was done at a success rate of 93.9%
[19]. These two reports demonstrated that robotic
pyeloplasty had advantages of decreased hospi-
tal stay and decreased narcotic use in comparison
with open pyeloplasty, although mean operative
times (363 or 219 min in each report, respec-
tively) were increased relative to open pyelo-
plasty (248 or 181 min, respectively) [18, 19].

Importantly, increasing experience with robotic
pyeloplasty leads to decreased operative times
approximating the open experience [19].

Procedure-Related Complications

Complications of the pediatric robotic pyelo-
plasty series published to date include prolonged
drainage [17] and ileus [18], conversion, post-
operative nephrectomy, urinary tract infection,
hematuria, and displaced double-J ureteral stent
[20]. Potential intra- and postoperative compli-
cations with robotic pyeloplasty are basically
similar to those with conventional laparoscopic
pyeloplasty.

Intraoperative Complications

Potential intraoperative complications with
robotic pyeloplasty include bleeding requiring
transfusion, trocar damage to viscera or vessels,
and thermal damage to tissues or organs [8].
Rare but significant possible complication is
bowel injury, the risk of which may be higher if a
transperitoneal or even a transmesenteric access
is used [14]. Diligent inspection of the viscera
at the end of every procedure may help identify
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an injury [8]. In some cases, double-J ureteral
stent could not be advanced into the bladder and
ureteroscopic reposition of the stent may become
necessary [14]. Technical problems in robotic
pyeloplasty leading to conversion to conventional
laparoscopic procedure may occur.

Postoperative Complications

Potential postoperative complications include
hernia at the port site and/or internally, wound
infection, persistent urine leakage, and urinary
tract infection [14]. Postoperative ileus as a com-
plication to the transperitoneal approach proba-
bly may be due to leakage of urine from the
anastomosis [18]. Postoperatively, a child should
continue to improve hourly in the immediate
postoperative period and then dramatically day-
by-day over the first week. If this sequence does
not occur, then one must be wary of a missed
injury or an incomplete or failed anastomosis,
and acting quickly to solve it should minimize
adverse outcomes [8]. We should not hesitate to
do reoperation, even redo open procedure, for the
child with significant postoperative complication.

Robotic Procedures for Recurrent
UPJO

Although open, laparoscopic, and robotic pyelo-
plasties have favorable outcome with a success
rate exceeding 90%, recurrent UPJO sometimes
occurs in all procedures. Factors such as young
age at initial surgery (less than 6 months),
prolonged urinary diversion (dry anastomosis),
missed anatomical findings at the first interven-
tion (crossing vessels or long ureteral segment
narrowing), and lack of retrograde pyelogram
have been related to open pyeloplasty failure [29,
30]. Second-line therapies have previously been
shown to fail at a higher rate than the initial
therapeutic procedure [7]. It is a serious compli-
cation for which treatment remains challenging

because of the extensive scarring and fibrosis
from the prior procedure. Patients with recurrent
UPJO sometimes present a treatment dilemma to
pediatric urologists.

Once recurrent UPJO occurs, redo opera-
tion is needed for these cases. The available
options for management of recurrent UPJO are
balloon dilation, endopyelotomy, open or con-
ventional laparoscopic pyeloplasty. Braga et al.
[31] compared retrograde endopyelotomy, which
consisted of holmium laser and cautery/balloon
dilation, to redo pyeloplasty through a flank inci-
sion and by laparoscopy for the treatment of
failed pyeloplasty in children and demonstrated
that retrograde endopyelotomy had a signifi-
cantly lower success rate (39%) than redo pyelo-
plasty (100%) for correction of recurrent UPJO.
Piaggio et al. [32] assessed the feasibility of
pediatric redo conventional laparoscopic pyelo-
plasty in comparison to redo open pyeloplasty
and demonstrated that success rate was the same
in both groups (80%), although surgical time for
redo conventional laparoscopic pyeloplasty was
longer than that for redo open pyeloplasty. Redo
conventional laparoscopic pyeloplasty is techni-
cally more challenging than primary conventional
laparoscopic pyeloplasty requiring more opera-
tive time. Since the most time-consuming part of
the operation is the laparoscopic exposure and
suturing for recurrent UPJO, robotic procedures
such as redo pyeloplasty and ureterocalicostomy
for these children can be alternative options.

Redo Robotic Pyeloplasty

Robotic redo pyeloplasty in children with recur-
rent UPJO after primary pyeloplasty is reported
to be a safe and effective option in the treatment
of these challenging cases [33, 34]. Basically,
the procedure is performed as described for the
primary robotic pyeloplasty. Although both dis-
membered and non-dismembered pyeloplasties
are possible, for cases in which scarring pre-
vents extensive mobilization of the renal pelvis
and the ureter to allow dismembered pyeloplasty,
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Y–V plasty should be selected [33]. Dissection
of UPJ area may be technically one of the most
difficult parts of performing redo robotic pyelo-
plasty as well as other procedures in the case
of a recurrent UPJO with significant postsurgi-
cal adhesion. Because of the presence of scar
tissue, care must be taken to avoid injury to
the ureter or major vessels [33]. The magnifica-
tion afforded by the robot may allow for more
precise dissection [35]. The degree of adhesion
and fibrosis is highly viable, which may be sec-
ondary healing factors of the patients as well as
to technical problems in the primary operation
such as incomplete unfavorable position anasto-
mosis between the renal pelvis and the ureter
[36]. The crossing vessels that may be missed
during the primary operation must be identified
because it can be a cause of recurrent UPJO
[37]. The ureter should be free from surround-
ing structures and spatulated clearly enough to
encounter healthy tissue. Passerotti et al. [33]
reported redo robotic pyeloplasty for six chil-
dren with uniform success and no complications.
Hemal et al. [34] reported their experience of
redo robotic pyeloplasty for five children under
15 years of age as a salvage procedure, and
all children had improvement of obstruction;
however, although robotic pyeloplasty for chil-
dren with recurrent UPJO can provide significant
advantages such as more precise dissection, faster
recovery, and less operative pain over open proce-
dures, more studies will be needed to establish its
adequacy.

Robotic Ureterocalicostomy

Robotic ureterocalicostomy is a potential option
in not only patients with failed pyeloplasty
but also patients with UPJO and significant
lower pole calicectasis, and a minimal pelvis,
or patients with an exaggerated intrarenal pelvis
(Fig. 9.10) [38]. If the pelvis is not readily acces-
sible, robotic ureterocalicostomy will be a better
choice than redo robotic pyeloplasty.

The colon is reflected, exposing the massively
dilated kidney. The ureters are transected and lig-
ated with absorbable sutures at the level of the
renal pelvis or crossing vessels. The ureters are
spatulated before transection. The most depen-
dent lower pole calyx is amputated with hot
shears. There is a minimal amount of bleeding
from the thinned parenchyma of the lower pole
system, and the electrocautery of the hot shears
easily controlled any bleeding. The posterior
anastomosis is performed with 5-0 absorbable
suture in a running fashion (Fig. 9.11). The
ureteral stent is then placed in the same fash-
ion of robotic pyeloplasty, as described above.
The anterior anastomosis is performed in an
interrupted manner, allowing visualization and
approximation of the renal collecting system to
the ureteral mucosa without placing tension on
the renal parenchyma. The anterior sutures are
then tied in groups so that the last few suture
placements are unobstructed and precise. The
stent is removed at 6 weeks after surgery with
a retrograde ureteropyelogram to visualize the

Fig. 9.10 Uretero-
calicostomy; spatulation and
transection of the ureter,
amputation of lower pole
calyx, and anastomosis
between lower pole calyx and
ureter with running suture are
made
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Fig. 9.11 Robotic-assisted laparoscopic ureterocalicos-
tomy; an anastomosis between lower pole calyx and ureter
with 5-0 absorbable suture in a running fashion

anastomosis. We performed robotic ureterocali-
costomy for nine patients with UPJO (mean age
6.5 years). Mean operative time was 168 min
and mean hospital stay was 21 h [38]. There was
no evidence of obstruction after operation in any
patient.

Conclusions

Robotic surgery enables a revolutionary advance
for pediatric urological surgery and provides
great benefit for patients and surgeons. Robotic
pyeloplasty for adult has been established as
one of the most suitable urological operations.
Although further outcome studies and prospec-
tive randomized comparison studies with open
surgery or conventional laparoscopic surgery may
be needed, pediatric robotic pyeloplasty will also
be established as an alternative minimally inva-
sive surgery in the near future.

Critical Operative Steps

• Positioning: modified flank position with a 60◦
elevation of the flank

• Port placement

(1) Camera port: umbilicus
(2) Working port:

Pre-pubertal/teenager: midline above the
umbilicus and mid clavicular line below
the umbilicus

Infant: upper port; sub-xiphoid in the mid-
line/lower port; as lateral a possible
to the rectus muscle and close to the
inguinal region

• Docking: over the ipsilateral shoulder
• Approach: transperitoneal or retroperitoneal

approach depends on the surgeon’s experience
• Access: Transmesenterically on the left or by

mobilizing the colon on the right
• Procedures: dismembered or non-dismembe-

red pyeloplasty depends on the surgeon’s
experience or the presence of crossing vessel

• Step 1: UPJO exposure and a hitch stitch
placement on the renal pelvis

• Step 2: Incision of renal pelvis, UPJ and ureter,
and spatulation of the ureter laterally

• Step 3: Anastomosis using a running suture
• Step 4: A double pigtail stent placement in

an antegrade fashion after the posterior wall
closure is complete.

Critical Instruments and Supplies

• da Vinci Surgical System R© (Intuitive
Surgical, Sunnyvale, CA, USA)

• A 12-mm, 0◦ telescope (Intuitive Surgical)
• Maryland bipolar forceps (Intuitive Surgical)
• Monopolar hook device or curved scissors

(Intuitive Surgical)
• Robotic needle driver (Intuitive Surgical)
• PassPort R© double-shielded trocars (12 mm;

Patton Surgical, Austin, TX, USA): cam-
era port

• PassPort R© double-shielded trocars (5 mm;
Patton Surgical): working ports

• 5-0, 6-0, or 7-0 MONOCRYL R© (monofil-
ament absorbable suture) (ETHICON,
Somerville, NJ, USA)
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Laparoscopic Ureteroureterostomy and Correction
of Ureteral Defects

Erica J. Traxel and Paul Noh
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Abbreviations

IUU ipsilateral ureteroureterostomy
TUU transureteroureterostomy
VUR vesicoureteral reflux

Introduction

Ureteral pathology presents a unique challenge
to the surgeon, as it potentially can occur
over a considerable distance reaching from the
renal fossa down into the pelvis. Consequently,
traditional open surgery may require multi-
ple incisions to fully correct the problem,
such as the combination of a flank incision
with a Pfannenstiel incision. The laparoscopic
approach lends itself well to surgery address-
ing ureteral pathology as it provides ready
access to the entire length of the ureter all
through the same access points. This chap-
ter will review indications for ureteral surgery,
the principles of traditional open ureteral surgery,
the laparoscopic approach to ureteral surgery, and
potential complications of ureteral surgery.

E.J. Traxel (�)
Division of Pediatric Urology, Department of Surgery,
St. Louis Children’s Hospital, Washington University
School of Medicine, St. Louis, MO, USA
e-mail: traxele@wudosis.wustl.edu

Indications for Ureteral Surgery

There are a myriad of indications for ureteral
surgery. Sometimes the ureteral pathology will
call for surgical repair all within the same ureter,
that is, ureteroureterostomy of a single ureter
to itself, after the intervening diseased seg-
ment of ureter has been excised. Additionally,
surgical repair could involve ipsilateral ureter-
oureterostomy (IUU) of one ureter to another
within a duplicated collecting system. Other
times the ureteral pathology may require oper-
ating to involve bilateral renal systems, such as
with a transureteroureterostomy (TUU). We will
address each of these circumstances individually.
Please refer to Table 10.1 for an overview of
indications for ureteral surgery.

Indications for Ureteroureterostomy
of a Single Ureter to Itself

Disease processes affecting a single ureter
include injury (traumatic or iatrogenic), congen-
ital ureteral strictures and/or stenosis, ureteral
valves, ureteral diverticula, and retrocaval ureter.
Congenital ureteral stricture or stenosis is found
at autopsy in 0.6% of children and occurs
at points of physiologic narrowing of the
ureter, that is, in order of decreasing frequency,
the ureterovesicular junction, the ureteropelvic
junction, and the midureter at the pelvic brim
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Table 10.1 Indications for
ureteral surgery

I. Ureteroureterostomy of a single ureter to itself
A. Injury (traumatic or iatrogenic)
B. Congenital ureteral stricture
C. Congenital ureteral valve
D. Ureteral diverticula
E. Retrocaval ureter

II. IUU
A. Duplication anomalies

1. VUR into the lower pole ureter
2. Ureterocele or ectopic insertion obstructing upper pole

ureter
III. TUU

A. Primary management of unilateral ureteric pathology
B. Undiversion
C. Salvage procedure following prior failed ureteral

reimplantation
D. Bilateral VUR but the bladder is too small for bilateral

reimplantation

[1, 2]. Histologic studies reveal a paucity or a dis-
arrangement of ureteral musculature at points of
stricture or stenosis, and presumably there was a
disturbance in embryogenesis around the 11th or
the 12th week of gestation, such as extrinsic com-
pression by a vessel [3, 4]. Of note, such pathol-
ogy can occur at multiple points along the ureter
with intervening normal segments; therefore, it is
critical at the time of repair to inspect the entire
length of the ureter.

Ureteral valves appear as annular or diaphrag-
matic lesions with a pinhole opening and with
a dilated proximal segment and a distal seg-
ment of normal or stenotic caliber. They also
can present anywhere along the length of the
ureter. The lesion is a transverse fold of redundant
mucosa and smooth muscle, occurs in 5% of new-
born ureters, and seems to resolve with growth
[5]. This lesion may account for the relatively
higher incidence of prenatal hydronephrosis that
seems to resolve with conservative management.
However, in cases of persistent obstruction, surgi-
cal intervention is warranted. Ureteral diverticula
can be classified as follows: (1) cleavage of the
ureteric bud with abortive duplication; (2) true
congenital diverticula containing all layers of the
ureteral wall; and (3) acquired diverticula with
herniation of mucosa through muscle [6]. Single
acquired diverticula typically are associated with
strictures, calculi, and trauma. Multiple acquired
diverticula are often related to infection.

Retrocaval ureter, or preureteral vena cava,
occurs with an incidence of 1 in 1,500 and is
found more commonly in males [7, 8]. It occurs
predominantly on the right side and is related to
abnormal fetal vascular development. While the
condition does not always lead to obstruction of
the collecting system, when it does, it will cause
symptoms of renal colic, leading to presentation
most commonly during the third or the fourth
decade of life [9]. All congenital and acquired
causes of ureteral obstruction that persist warrant
surgical intervention.

Indications for Ipsilateral
Ureteroureterostomy

Since Foley first performed a side-to-side IUU
to bypass an impacted stone in 1928 and Kuss
applied the approach for an ectopic ureter in
1952, multiple authors have reported their expe-
rience with open IUU and proven it to be a
viable surgical option when indicated and per-
formed appropriately [10, 11]. In pediatrics, IUU
is used to address the pathologies commonly
associated with duplication anomaly, those being
vesicoureteral reflux (VUR) and/or obstruction.

Duplication of the collecting system
occurs in less than 1% of the population [1,
12]. Pathologies commonly associated with
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duplication include VUR to the lower pole and
obstruction of the upper pole, by ureterocele or
ectopic insertion. In instances when only one
moiety is afflicted, IUU of the diseased ureter to
the healthy one is an option. This seems an ideal
management approach when the diseased moiety
has residual function that warrants salvage,
as opposed to partial nephroureterectomy in
cases of a nonfunctioning moiety. Even when
a moiety would appear to have little function,
some may argue that nephron-sparing surgery
is still merited, as Smith et al. reported that in
57% of ectopic moieties removed, there was
no dysplasia identified histologically, despite
appearing grossly abnormal at surgery [13]. VUR
occurs in the presence of duplication in 50–60%
of cases, and in 97% of duplications it occurs
only to the lower pole [14–16]. Ureterocele and
ectopic ureteral insertion affects the upper pole
system in 90% of duplicated systems [17].

This scenario of ureteral duplication is tra-
ditionally managed with common sheath reim-
plantation; however, in instances when the vesi-
coureteric junction of one moiety is intact, some
might argue that common sheath reimplantation,
with an 8% failure rate, will unjustifiably com-
promise a normal system in order to correct the
defect of the diseased moiety and instead pro-
pose end-to-side IUU of the diseased segment to
the healthy segment [18]. Also, in cases of very
young patients, the bladder may be too small to
permit common sheath reimplantation and still
provide the desired 5:1 ratio of tunnel length
to diameter. In these instances, the patient may
be better served with IUU. Furthermore, ureter-
oureterostomy avoids the post-operative mor-
bidity of bladder surgery. Some advocate per-
forming the anastomosis proximally, suggesting
even a pyeloureterostomy. This leads to two
potential challenges. First, it can be very dif-
ficult to anastomose a dilated pelvis to a very
delicate ureter. Second, this leaves a long ureteral
stump into which the reflux can persist, lead-
ing to future infection. Others advocate a lower
ureteral approach, performing the IUU close to
the bladder. While this avoids the issue of a
refluxing ureteral stump, it does pose the theo-
retical risk of yo-yo reflux between the proximal
limbs of each ureter [19].

Indications for
Transureteroureterostomy

Boari first described TUU in 1894, while Higgins
first used it in patients with success in 1927
[20, 21]. The procedure has three main categories
of indications: (1) primary management of
unilateral ureteric pathology, such as trauma
(both accidental and iatrogenic) and stricture; (2)
undiversion, such as following prior cutaneous
ureterostomy; (3) salvage procedure following
prior attempts to correct reflux that have failed,
often in the setting of a neurogenic bladder. It
is also suitable in cases of bilateral reflux when
the bladder may be too small to permit bilateral
reimplantation but would allow unilateral reim-
plantation and then TUU of the other ureter to the
reimplanted ureter.

Not every patient is a candidate for TUU.
Cases of aperistaltic ureters, foreshortened
ureters which would lead to tension on the
anastomosis, and tortuous ureters that would
require a great deal of straightening, thereby
risking devascularization, may not be the
ideal cases for TUU [22]. Contraindications to
TUU include prior extensive pelvic irradiation,
recurrent nephrolithiasis, and retroperitoneal
fibrosis. A relative contraindication is severe size
discrepancy between the two ureters. Another
relative indication is associated VUR and/or
obstruction of the recipient ureter; however,
this associated pathology can also be addressed
with reimplantation of the recipient ureter in
conjunction with TUU.

Principles of the Traditional Open
Surgical Approach

In order to understand the laparoscopic approach
to ureteral surgery, it is necessary to understand
the fundamentals of the traditional open sur-
gical approach. Please refer to Table 10.2 for
an overview of key principles of open ureteral
surgery. We will address each of the surgical sce-
narios, including ureteroureterostomy of a single
ureter to itself, IUU, and TUU.



128 E.J. Traxel and P. Noh

Table 10.2 Key principles of
open ureteral surgery

I. Pre-operative preparation
A. Appropriately indicated surgery
B. Adequate residual renal function to warrant reconstructive

surgery
C. Imaging to localize ureteral pathology

II. Pathology completely excised
A. Ends of ureter appear viable
B. Ureter cannulated to ensure no additional proximal/distal

lesions
III. Mobilization

A. Sufficient for a tension-free anastomosis
B. Preservation of adventitia and vascular supply

IV. Anastomosis performed technically well
A. Spatulation to ensure wide anastomosis
B. Alignment to ensure no spiraling or kinking
C. Mucosa-to-mucosa apposition
D. Fine absorbable suture

V. Post-operative drainage
A. Stent across anastomosis
B. Retroperitoneal drain
C. Foley catheter

Principles of Open
Ureteroureterostomy of a Single
Ureter to Itself

Ureteroureterostomy of a single ureter to itself is
relatively straightforward, but certain principles
should be stressed. Patient selection is critical.
Pre-operative nuclear renogram can determine
the degree of renal function, and a nonfunc-
tioning or poorly functioning kidney may best
be treated with nephroureterectomy. Investigation
should be undertaken to precisely determine both
the location and the length of the lesion, such
as intravenous pyelogram pre-operatively or ret-
rograde pyelogram at the time of surgery. If the
ureteral lesion is isolated to the distal one-third
of the ureter, the patient may best be served by
a ureteroneocystostomy with or without psoas
hitch or Boari flap.

Mobilization of the ureter should be lim-
ited to only that which is necessary and efforts
to preserve the adventitia should be made, in
order to prevent devascularization. However, suf-
ficient mobilization must be performed to allow
for a tension-free anastomosis once the dis-
eased segment has been excised. Additionally,

manipulation of the tissue should be minimized
and should be done with delicate instruments.
One must ensure that the entirety of the diseased
segment has been removed. In cases of trauma
or iatrogenic ureteral injury, the ureter must be
debrided until the edges bleed. Also, once the
ureter has been incised, it should be cannulated
to ensure that no additional lesions exist either
proximally or distally. Normal ureteral caliber
includes 3 Fr at birth, 4 Fr at 1 year, and 6 Fr
in adults [23].

The anastomosis should begin with correct
orientation of the ends of the ureter to prevent spi-
raling and kinking. Spatulation is performed on
both ends, 180◦ apart to ensure a wide-mouthed
anastomosis. In cases of significant dilation at
one end, it is possible to anastomose the obliquely
cut end of the dilated segment to the spatulated
end of the other segment. Fine absorbable suture
is used to sew the apex of one end to the cor-
ner of the other end. This is repeated to sew
the other corner to the other apex. The inter-
vening anastomosis can be done in either an
interrupted or a running fashion. Placement of a
stent across the anastomosis, such as a double-J
or a nephroureteral stent, and of a retroperitoneal
drain should be considered. Also, the repair can
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be isolated using omentum or retroperitoneal fat.
Typically, a Foley catheter is left indwelling post-
operatively for a short period of time. When these
surgical principles are obeyed, the success rate
for ureteroureterostomy approaches 90% [24].

Principles of Open Ipsilateral
Ureteroureterostomy

The same key surgical principles apply to IUU as
to ureteroureterostomy of a single ureter to itself.
Points unique to dealing with ureteral duplication
include intra-operative cystoscopy and retrograde
pyelogram with placement of ureteral catheter
to help distinguish one ureter from another at
the time of exploration. Also, extreme caution
should be exercised when dissecting the two
ureters apart near the bladder, as they are inti-
mately associated at this level and will share
a common blood supply for the most distal
2–3 cm. For end-to-side anastomosis, the dis-
eased ureter is sectioned obliquely and a longi-
tudinal incision equal in length to the oblique
section is made in the healthy ureter. Again,
the anastomosis must be without tension and
watertight.

A review of reports from 1965 to 1989
included 124 cases of IUU with a complica-
tion rate of only 3.2% [25]. Lashley et al.
reported a series of 100 IUU and found an
overall 94% success rate. In this series, success
was not influenced by pre-operative indication
(VUR versus obstruction), nor was it affected
by ureteral size discrepancy [26]. Choi et al.
compared outcomes of different surgeries used
as initial treatment in cases of duplex systems
associated with VUR or obstruction. They found
that ureterocele incision had the highest failure
rate, followed by upper pole partial nephrectomy
and ureteric reimplantation (both 22%), while
ureteroureterostomy had the lowest failure rate
(11%) [27]. When carefully performed in suitable
candidates, IUU can successfully address either
VUR and/or obstruction associated with a duplex
system.

Principles of Open
Transureteroureterostomy

Similar principles apply to TUU as to IUU and
ureteroureterostomy of a single ureter to itself.
In the case of TUU, once the diseased ureter has
been identified within the retroperitoneum, it is
freed as far distally as possible and as far prox-
imally as is necessary to ensure a smooth, non-
angulated course across the midline and also a
tension-free anastomosis. Periureteral adventitia
should be preserved to avoid devascularization.
When very extensive mobilization is necessary,
the gonadal vessels can be divided either at the
ovary or just above the internal ring and the
gonadal vessels are mobilized in continuity with
the donor ureter to provide collateral blood sup-
ply [28]. A traction suture placed in the end of
the diseased ureter can aid in maintaining appro-
priate orientation when passing the ureter across
the midline. It can be passed inferior to the infe-
rior mesenteric artery, but it may be necessary
to transpose superior to the inferior mesenteric
artery to avoid angulation. Its trajectory should be
such that it will meet up with the recipient ureter
tangentially rather than perpendicularly. Also,
one should bear in mind that a dilated ureter may
shorten once its obstruction is removed, so some
slack must be afforded in the donor ureter near
the anastomosis. If the donor ureter is too short
despite mobilization all the way up to the kidney,
the kidney itself can be mobilized and the lower
pole pexed medially for additional slack [29].

The site of anastomosis on the recipient ureter
is ideally 2–4 cm above the pelvic brim as the
ureters are closest to each other at this location.
An anastomosis near the iliac increases the possi-
bility of stricture due to angulation and increased
tension. Minimal mobilization of the recipient
ureter helps to avoid its devascularization as well
as adhesion of the anastomosis to the lumbar
fascia. Also, the recipient ureter should not be
mobilized to be brought toward the midline lest
it cause angulation of the anastomosis. The donor
ureter should be brought to the recipient ureter
and not vice versa. The end of the diseased ureter
is cut tangentially to maximize the lumen of the



130 E.J. Traxel and P. Noh

anastomosis, and the side of the recipient ureter is
incised longitudinally in an area devoid of appar-
ent vessels, a length equivalent to the oblique end
of the diseased ureter (at least 1.5 cm). The recip-
ient ureterotomy should be on the anteromedial
aspect of the recipient ureter, taking care to avoid
spiraling or beveling. Of note, if distal ureteral
surgery is to be done to the recipient ureter, such
as concomitant reimplantation, this should be
done prior to the TUU to prevent kinking and/or
tension at the anastomosis.

Ideally, a stent should be left across the anas-
tomosis. If the size of the recipient ureter will
permit, two stents can be left in, one across the
anastomosis up into the donor kidney and one up
into the recipient kidney. A drain should be left
in the retroperitoneum to absorb any extravasated
urine, as urine left near the anastomosis will
contribute to stenosis and stricture of the anas-
tomosis.

With meticulous surgical technique, TUU can
be successful. Hendren et al. reported on a series
of 75 patients who underwent TUU, resulting in
no deaths, anastomotic leaks, or lost kidneys, but
there were three patients that required reopera-
tion. Of note, in 59 of 75 patients, the recipient
ureter underwent a concomitant procedure alter-
ing its drainage, demonstrating that TUU could
be successfully performed in conjunction with
other procedures such as reimplantation of the
recipient ureter [29]. Chilton et al. [30] reported
on a series of 55 patients who underwent TUU,
resulting in no deaths and only one failure lead-
ing to nephroureterectomy. Hodges et al. [31]
reported on a series of 100 patients undergoing
TUU and found satisfactory results for the donor
kidney in 92% of cases and for the recipient kid-
ney in 97% of cases. Pesce et al. reported on
a series of 70 patients undergoing TUU, 100%
of which had a dilated donor ureter and 4% of
which had nondilated and nonrefluxing recipient
ureters. After a mean follow-up of 10.8 years, the
complication rate was only 1.4%, with one case
of anastomotic obstruction requiring stenting and
one case of distal obstruction of the reimplanted
recipient ureter requiring dilation. There was no
deterioration of renal function, and dilation of the
donor ureter regressed in 52%, while none of the

recipient ureters developed dilation [32]. These
reports as well as many others in the literature
confirm the viability of TUU as a surgical option
in appropriate cases.

Laparoscopic Ureteral Surgery

The same tenets of successful open ureteral
surgery must be applied to the laparoscopic
approach as well. Laparoscopic ureteral surgery
possesses the same advantages as all laparo-
scopic surgery, those being lessened morbidity
with decreased post-operative pain and shortened
convalescence with superior cosmesis. Moreover,
it provides superior access to the entire length of
the ureter all through the same points of entry.
We will discuss laparoscopic ureteral surgery as it
applies to ureteroureterostomy of a single ureter
to itself, IUU, and TUU.

Reports of Laparoscopic
Ureteroureterostomy of a Single
Ureter to Itself

Originally, laparoscopic ureteroureterostomy was
reported to repair cases of iatrogenic ureteral
injury, occurring often in the setting of laparo-
scopic gynecologic procedures. In 1998, Nezhat
et al. first described the laparoscopic approach
to ureteroureterostomy to repair ureteral injury
that had occurred during laparoscopic surgery
to treat endometriosis. Laparoscopic ureter-
oureterostomy was performed in eight patients
who had a follow-up of up to 6 years. One
patient had a post-operative ureteral stricture that
resolved with dilation, and another developed
recurrent stricture distal to the original anas-
tomosis, requiring ureteral reimplantation. This
original series in an adult gynecologic popula-
tion demonstrated the feasibility of the laparo-
scopic approach to ureteroureterostomy [33].
Tulikangas further demonstrated this feasibility
when reporting a series of four women who suf-
fered iatrogenic ureteral injuries at the time of
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laparoscopic pelvic surgery. The repair was per-
formed laparoscopically as well, all through the
same initial port sites. Follow-up ranged from 6
to 33 months with stable creatinines and no repeat
surgeries being necessary. This report empha-
sized the placement of a double-J ureteral stent
passed retrograde across the injured area and left
indwelling for 4–6 weeks [34].

The first report of laparoscopic ureter-
oureterostomy for congenital stricture was by
Bhandarkar et al. in 2005. This was done in a
16-year-old boy presenting with right flank pain
and in whom evaluation revealed an area of steno-
sis in the midureter at the pelvic brim. Follow-up
at 18 months showed the patient to be doing well
[35]. The first report of robot-assisted laparo-
scopic ureteroureterostomy was by Passerotti
et al. in 2008, including a series of three patients
undergoing ureteroureterostomy for midureteral
stricture or obstruction. At an average follow-
up of 11.6 months, there were no complications
and all patients were asymptomatic [36]. Thiel
et al. also reported robotic-assisted laparoscopic
ureteroureterostomy for congenital midureteral
stricture later in 2008. This was done in a
20-year-old woman presenting with pyelonephri-
tis and left flank pain. Again, evaluation revealed
a stricture in the midureter at the iliac crest.
Follow-up diuretic renogram at 1 year showed
no obstruction. The authors stated that the da
Vinci robot offers the advantage of precise tis-
sue manipulation, which is critical to the success
of ureteral surgery. Additionally, they stated that
spatulation with robotic scissors is more precise,
as is anastomotic suture placement, owing to the
six degrees of freedom afforded by the robot,
along with three-dimensional imaging [37].

In order to demonstrate the equivalent effi-
cacy of laparoscopic with open reconstructive
surgery for benign ureteral stricture, Simmons
et al. compared a group of 34 patients undergoing
open surgery (9 ureteroureterostomy, 25 ureteral
reimplantation with or without Boari flap) with
a group of 12 patients undergoing laparoscopic
surgery (5 ureteroureterostomy, 7 ureteral reim-
plantation with or without Boari flap), with a
follow-up of 34 months in the open group ver-
sus 23 months in the laparoscopic group. All

laparoscopic cases were completed without con-
version. They found the laparoscopic group to
have significantly less operative blood loss and
significantly shorter hospital stays. There was
no significant difference in complication rates
(14.7% open, 8.3% laparoscopic), and only one
stricture occurred in the open group and none in
the laparoscopic group. This report shows that
laparoscopic ureteral surgery for stricture has at
least equivalent if not superior results compared
to traditional open surgery [38].

Steps in Laparoscopic
Ureteroureterostomy of a Single
Ureter to Itself

Prior to surgery, appropriate imaging such as
nuclear renogram should be performed to first
confirm sufficient residual renal function to war-
rant reconstructive surgery versus nephrectomy.
To maximize potential detectable function, it may
first be necessary to place a nephrostomy tube
or a ureteral stent. Additionally, imaging such
as intravenous pyelogram may help to delineate
anatomy pre-operatively.

At the time of surgery, often cystoscopy and
retrograde pyelogram are performed to further
elucidate anatomy and localize the site of ureteral
pathology. It may be possible to pass a ureteral
stent retrograde across the area in question, which
can later help in identifying the ureter within the
retroperitoneum. Additionally, the same double-J
stent may be left across the anastomosis post-
operatively to aid in healing. Sometimes, the area
in question is too narrow or perhaps completely
obstructed and will not permit retrograde passage
of a stent. In these instances, retrograde passage
of a ureteral catheter or wire up to the level of
obstruction may aid later in identification of the
level of pathology and help to facilitate subse-
quent passage of a double-J ureteral stent across
the anastomosis once the area of pathology has
been excised. If a ureteral catheter or a wire is
left only up to the level of pathology and the
distal end of the catheter or the wire is outside
the patient, care must be taken not to dislodge
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the catheter or the wire at the time of reposition-
ing the patient for the laparoscopic portion of the
case.

Patient positioning for the laparoscopic por-
tion of the case is dependent upon location
of ureteral pathology. For distal lesions, the
patient may be left supine and placed in slight
Trendelenburg. For proximal lesions, a lateral
decubitus position with the affected side up will
help to reflect bowel away from the surgical site
(Fig. 10.1). In very small children, a full-body
prep up to the nipples may be helpful so that the
child can be repositioned throughout the surgery
(Fig. 10.2). When a ureteral catheter or a wire is
left up to the level of pathology with the distal
end of the catheter or the wire outside the body,

Fig. 10.1 Lateral decubitus position

Fig. 10.2 Full-body prep

this must be prepped into the sterile field for later
manipulation.

Port placement will also depend upon the level
of ureteral pathology. A periumbilical port is
standardly used for camera placement. In adults,
this will commonly be a 10-mm port, but in
children, this is typically a 5-mm port. For dis-
tal lesions, the working ports commonly will
be on either side of the abdomen at a level
commensurate with the patient size to allow
for adequate distance between instruments and
to assist in triangulation between instruments
and camera. In larger patients, the instrument
ports will often be infraumbilical, and as patient
size decreases, the ports will move progressively
cephalad. For proximal lesions, the working ports
often are placed in the upper and lower quadrants
on the ipsilateral side of pathology (Fig. 10.3).
Instrument port size is dependent upon patient
size and whether the robot will be used. In the
smallest of patients, it is possible to insert 3-
mm laparoscopic instruments directly through the
abdominal wall without any trocars (Fig. 10.4).
Such instrumentation allows for very satisfac-
tory post-operative cosmesis, as insertion sites are
almost undetectable (Fig. 10.5).

Fig. 10.3 Trocar placement for ureteroureterostomy

The colon is reflected and efforts are made to
identify the ureter, which is often most apparent
at the level of the iliacs. The level of pathol-
ogy is identified (Fig. 10.6). This can be made
clear sometimes by noting the level of demar-
cation between a dilated proximal ureter and a
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Fig. 10.4 Laparoscopy without trocars for instruments

Fig. 10.5 Immediate post-operative appearance with
dressings in place

Fig. 10.6 Congenital midureteral stricture

normal caliber distal ureter. Also, if a ureteral
catheter or a wire was placed up to the level
of pathology previously, this may help. Abaza
and Zafar also described a technique of intra-
operative ureteroscopy with the ureteroscope
directed by one surgeon up to the level of the
narrowing, while the other surgeon laparoscopi-
cally visualizes the ureter and looks to see where
the light from the ureteroscope transilluminates
and then incises the ureter at this point. While
this may be possible in adults, the pediatric
ureter usually is too small to allow passage of
a ureteroscope. Additionally, Abaza and Zafar
describe cystoscopic retrograde placement of a
ureteral occlusion balloon catheter that is passed
proximal to the area of narrowing, the bal-
loon inflated, and then pulled snug against the
narrowing. This could potentially be dislodged
and migrate proximally when repositioning the
patient for the laparoscopic portion of surgery
and may require cinching the ureteral balloon
catheter back against the narrowing. The balloon
can then be seen and/or palpated laparoscopi-
cally [39]. The ureter is mobilized sufficiently
such that once the diseased segment has been
excised, there will not be tension on the anasto-
mosis. As with open surgery, care must be taken
not to excessively mobilize the ureter and not to
devascularize the ureter. The diseased segment
is sharply excised and retrieved. Of note, if a
double-J ureteral stent has already been placed
cystoscopically, care must be taken not to incise
it accidentally.

Each end of the ureter may have a stay suture
placed through it, which helps in tissue manip-
ulation and in ensuring proper alignment of the
ends to prevent spiraling. Then each end of the
ureter is spatulated. Again, care must be taken not
to spiral the spatulation. If the proximal end is
quite dilated, it may not be necessary to spatulate
it. The ends are aligned using absorbable sutures
placed between the spatulated apices and corners.
While some have reported using 4-0 Vicryl, we
feel that a monofilament suture such as PDS or
Monocryl is superior as it does not drag the tissue.
Additionally, in children, we prefer to use smaller
suture material, like 6-0, as this better replicates
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the open surgery. As the corner sutures are tied
down, one must be certain that there is not too
much tension on the anastomosis, and if so, fur-
ther mobilization is required. After placement of
apical sutures, one can either run the anastomosis
or place interrupted sutures (Fig. 10.7).

Fig. 10.7 Anastomosis for repair of midureteral stricture

Once one side of the anastomosis is complete,
a stent may be passed across it. This can be
done in a number of ways. If a double-J stent
was placed cystoscopically at the beginning and
has not been injured, the proximal end can be
guided up into the pelvis. If a ureteral catheter
was placed at the beginning, a guidewire can be
passed through it, the catheter removed, and a
double-J stent passed over the guidewire up into
the renal pelvis. If no stent or catheter or wire was
placed previously, a stent can later be introduced
transabdominally. An angiocatheter can be seen
laparoscopically to enter the abdominal wall. Its
trajectory should be such that it is in line with
the ureter. A guidewire is then placed through the
angiocatheter and directed through the anastomo-
sis distally down the ureter into the bladder, and
the angiocatheter is removed. A double-J stent
is then passed over the wire into the bladder.
The guidewire is removed and the proximal end
of the stent is guided up into the renal pelvis.
Alternatively, if the ureterovesicular junction is
too small to allow passage of a double-J stent, as

in infants, a nephroureteral stent may be placed
and the distal end guided laparoscopically across
the anastomosis.

Once the stent is placed, the anastomosis is
completed. Traction sutures are removed and
the anastomosis inspected again to ensure that
it is without tension and without spiraling.
Additionally, with a stent in the bladder, the anas-
tomosis can be inspected to look for evidence of
leakage. If there is no stent in the bladder, intra-
venous indigo carmine can be administered and
the anastomosis examined for evidence of leak-
age. Once satisfied with the anastomosis, a drain
may be left near but not on the anastomosis to
evaluate post-operatively for urinary leakage. The
colon is replaced in a normal anatomic position.
Also, a Foley catheter is left in the bladder for
maximal decompression of the system.

Post-operatively, the drain and the catheter
are left in place while the patient’s diet and
activity are gradually advanced. Typically on
post-operative day 1 or 2, the Foley catheter is
removed and the patient allowed to void spon-
taneously. If drain output remains undetectable,
it can be removed and the patient discharged
to home. If a double-J stent is in place, it can
be removed 4–6 weeks later. If a nephroureteral
stent is left in place, an antegrade nephrostogram
can be performed 1–2 weeks later and if there
is no extravasation, the nephroureteral stent can
be removed. Of note, the patient should remain
on antibiotics while foreign bodies remain in the
urinary tract.

Once stents have been removed, the patient
should have a follow-up study approximately 1
month later. This can be an ultrasound to look for
evidence of hydroureteronephrosis. Additionally,
it can be a diuretic renogram to rule out obstruc-
tion. The patient should return for further eval-
uation 1 year after surgery, as stricture recur-
rence typically occurs in the first year after
surgery. However, extensive long-term follow-
up is not mandated, as Selzman and Spirnak
[40] demonstrated only an 11% recurrence rate
after 1 year with an average follow-up of
8.5 years.
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Reports of Laparoscopic Ipsilateral
Ureteroureterostomy

Gonzalez and Piaggio reported the first series
of laparoscopic IUU in 2007. This included
eight laparoscopic IUU in four patients, four
with ectopic ureter, and two with bilateral lower
pole vesicoureteral reflux, all done without intra-
operative complication. Of note, in the two
patients with bilateral VUR, bilateral IUU was
performed in the same operative setting. Post-
operatively, the only complications were two
cases of pyelonephritis, and at a mean follow-up
of 10.7 months, all patients were doing well with
decreasing or no residual hydronephrosis [41].

Steps in Laparoscopic Ipsilateral
Ureteroureterostomy

Prior to performing a laparoscopic IUU, investi-
gations should be completed to ensure that there
is sufficient function of the diseased pole to
warrant reconstructive surgery rather than par-
tial nephroureterectomy and to ascertain that the
recipient ureter of the ipsilateral pole is with-
out abnormality that would endanger the repair.
At the time of surgery, cystoscopy and retro-
grade ureteral stent or catheter placement into the
recipient ureter should be done. This will aid in
distinguishing the donor and recipient ureters at
the time of exploration. The stent can also be left
post-operatively to aid in healing.

When performing the IUU low in the pelvis,
the patient can be left in the supine posi-
tion. The camera port is periumbilical and two
instrument ports are positioned so as to maxi-
mize triangulation with a comfortable distance
between working ports (Fig. 10.8). If necessary,
the colon is reflected, and the ureters are iden-
tified at the pelvic brim. The donor ureter is
mobilized as far distally as possible and tran-
sected, then spatulated if not already dilated. Care
must be taken when approaching the common
sheath not to injure the vascular supply to the

Fig. 10.8 Trocar placement for duplication anomaly
ureteroureterostomy

recipient ureter. If the donor ureter is known
to be refluxing, then the stump should be tied
off. By taking the donor ureter as far distally
as feasible, there is little chance for subsequent
complications related to a residual stump. The
laparoscopic approach makes it possible to essen-
tially take a donor ureter all the way to its site of
insertion, whether that is into the bladder or an
ectopic location.

The recipient ureter is left in situ, to minimize
potential for vascular injury, and incised longitu-
dinally to match the diameter of the end of the
donor ureter. While it is desirable to have some
laxity in the donor ureter so as to prevent ten-
sion on the anastomosis, too much slack may lead
to future kinking, and excess donor ureter may
need to be excised prior to anastomosis. Once the
ureters are properly aligned without spiraling, the
anastomosis can be done using a fine monofila-
ment suture in either a running or an interrupted
fashion. Having a stent already present within the
recipient ureter helps to prevent back-walling at
the time of anastomosis. If preferred, the stent can
be advanced across the anastomosis up into the
donor renal pelvis after half of the anastomosis is
complete; however, just leaving the stent within
the recipient ureter seems to provide satisfactory
results.

A retroperitoneal drain is left near the anasto-
mosis and a Foley catheter is left in the bladder.
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Post-operatively, the patient’s diet and activity
are advanced, and typically on post-operative day
1 or 2, the Foley catheter is removed and the
patient allowed to void. Provided drain output is
minimal, it can be removed prior to discharge.
Ureteral stents are left indwelling and removed
cystoscopically 4–6 weeks later. Once the stent
is removed, the patient should be followed clini-
cally as well as with imaging, such as ultrasound
and nuclear renogram.

Reports of Laparoscopic
Transureteroureterostomy

Dechet et al. [42] first demonstrated feasibility of
laparoscopic TUU in 1999 when they described a
side-to-side approach in a series of nine porcine
models. Piaggio and Gonzalez in 2007 reported
the first series of laparoscopic TUU in humans
when they described their experience with the
procedure in three patients with diagnoses of uni-
lateral refluxing megaureter, unilateral obstruc-
tion following trans-trigonal reimplantation for
VUR, and ureteral injury following bladder diver-
ticulectomy. All three were completed with-
out conversion or complication, and at a mean
follow-up of 6 months, all had normal kidney
function with improvement in hydronephrosis
[43].

Steps in Laparoscopic
Transureteroureterostomy

As with other ureteral surgeries, pre-operative
investigation to confirm adequate renal function
warranting salvage and a normal recipient ureter
should be done. At the time of surgery, the patient
should first undergo cystoscopy and retrograde
placement of a ureteral stent or a catheter or a
wire in the recipient ureter. The patient is then
placed in the supine position and access is gained
first with insertion of a periumbilical camera
port. Working ports are placed on either side of

Fig. 10.9 Trocar placement for transureteroureterostomy

the abdomen, and the younger and smaller the
patient is, the more cephalad these ports must be
placed (Fig. 10.9). Once port position is com-
plete, the table is tilted in Trendelenburg posi-
tion and angled with the diseased side elevated
30–45◦.

The donor ureter can typically be identified
at the pelvic brim, and the overlying peritoneum
incised. The donor ureter is then mobilized as
far distally as possible, taking care not to dam-
age other structures in the area, such as the vas
deferens in the male and the ovary and fallop-
ian tube in the female. The ureter is transected
and the stump tied off. Proximal mobilization of
the donor ureter is then performed, preserving the
periureteral adventitia and vascular supply. A stay
suture can be placed through the end of the donor
ureter for tissue handling.

The table is then angled with the recipient
side elevated 30–45◦ and the recipient ureter is
identified and overlying peritoneum incised. The
recipient ureter should not be mobilized in an
effort to preserve all collateral blood supply. A
tunnel is created under the rectosigmoid mesen-
tery and the stay suture on the donor ureter is
grasped and brought under the rectosigmoid. If
there is any tension on the donor ureter, fur-
ther proximal mobilization is necessary. If there
is excess donor ureter that would create kinking
at the anastomosis, the redundant ureter can be
excised.
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A longitudinal incision is made on the medial
aspect of the recipient ureter at a level that will
permit a tangential anastomosis, rather than a per-
pendicular one, and for a length that will match
the diameter of the donor ureter. Stay sutures
can be placed between the ureters at the apices
of the anastomosis and then the sutures can be
placed in either a running or an interrupted fash-
ion to complete the anastomosis. If the recipient
ureter is of sufficient caliber, it may be possi-
ble to place a stent across the anastomosis up
into the donor pelvis in addition to the stent up
into the recipient pelvis. Otherwise, only a stent
left in the recipient ureter is sufficient. Again,
a drain should be left near the anastomosis to
monitor for leakage post-operatively, and a Foley
catheter should be left in the bladder. The Foley
catheter can be removed on post-operative day
1 or 2 and drain output monitored while the
patient voids spontaneously. Provided drain out-
put remains minimal, it can be removed prior to
discharge. Ureteral stents are removed 4–6 weeks
post-operatively and the patient is followed both
clinically and radiologically with ultrasounds and
nuclear renograms.

Management of Complications

As with open ureteral surgery, when proper
patient selection and surgical techniques are
adhered to, the complication rate is extremely
low. One of the most common complications
seems to be urinary extravasation. If a drain is
left in the retroperitoneum, the urine leak can be
identified early and dealt with. Usually conserva-
tive management, with Foley catheter placement
and leaving the drain in place until the leak has
resolved, is satisfactory. If a ureteral stent was
not already left indwelling at the time of ini-
tial repair, either a retrograde ureteral stent or a
percutaneous nephrostomy tube can be placed to
decompress the system.

Another potential complication is stricture of
the anastomosis. This can be detected early prior
to deleterious effect on renal function by close
post-operative surveillance with ultrasonography.

Mild stricture can be managed via minimally
invasive approaches, like balloon dilation. More
severe stricture may require repeat surgery with
excision of the stricture and repeat anastomosis.

Conclusion

Ureteral surgery is indicated to treat a myriad
of pathology, particularly in the pediatric pop-
ulation. It lends itself well to the laparoscopic
approach, which permits access to the entire
length of the ureter. The laparoscopic approach
has been reported with satisfactory results for
ureteroureterostomy of a single ureter to itself,
IUU within a duplicated system, and TUU. This
success is due to strict adherence to the prin-
ciples of open ureteral surgery and is perhaps
enhanced by the magnification of laparoscopy.
Complications are infrequent and can usually be
managed conservatively.

Critical Operative Steps

1. Identify recipient ureter with ureteral catheter
(duplication anomalies).

2. Recipient ureter remains in situ (duplication
anomalies).

3. Align anastomosis with fixation sutures.
4. Limit dissection to preserve blood supply.
5. Use fine suture in infants and small children.
6. Stent the reconstruction.

Critical Instruments and Supplies

1. Atraumatic graspers
2. Sharpened fine tissue scissors
3. Needle drivers (according to surgeon’s

preference)
4. Monitors in close proximity to both surgeon

and camera driver
5. Heated insufflation for infants and small

children
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Chapter 11

Robotic Ureteroureterostomy and Correction
of Ureteral Defects

Patricio C. Gargollo and Hiep T. Nguyen

This chapter contains a video segment which can be found at the
URL: http://www.springerimages.com/ost

Introduction

The first reports of laparoscopy were published
in the early twentieth century [1]. The introduc-
tion of improved instrumentation and advances in
optical systems has led to not only increased use
of minimally invasive surgery but also an expan-
sion of the types of procedures that can be done
laparoscopically. With the increasing use of mini-
mally invasive techniques in urology over the past
decade, the feasibility of pediatric laparoscopic
reconstructive urologic surgery with and without
robot assistance has been demonstrated [2, 3].
The da Vinci R© surgical robot has now become
widely utilized in adult and pediatric urology.
In adults, radical prostatectomy and pyeloplasty
are the most popular robotic procedures, although
virtually all major urologic procedures involv-
ing the genitourinary tract have been performed
with the robot. In the realm of pediatric urology,
robotic pyeloplasty and ureteral reimplantation
for vesicoureteral reflux (VUR) are now the most
commonly performed robotic procedures. Similar
to the adult population, essentially all intra-
abdominal urologic procedures in the pediatric
population have been performed laparoscopically
with and without robotic assistance.
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Pediatric Urology, Childrens Medical Center, UT
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Ureteral obstruction can occur anywhere from
the kidney to the bladder, with the two most com-
mon locations being the ureteropelvic and the
ureterovesical junctions. Obstruction at the mid-
ureteral level is unusual, accounting for approx-
imately 4% of all cases, and can have a varied
etiology [4]. The ureteroureterostomy (UU) was
first described by Foley in 1928 [5] and has been a
valuable procedure to treat most cases of ureteral
obstruction, which may be secondary to congen-
ital anatomic abnormalities, calculus disease, or
even iatrogenic events. The approaches for per-
forming a UU range from open procedures to
endoscopic treatment with the primary goal being
reconstitution of a normal ureteral lumen using
healthy tissue.

Early laparoscopic efforts to reconstruct
ureteral segments via UU were mainly after
iatrogenic injuries acquired during gynecological
surgery [6]. Over the last few decades, however,
there have been published reports of laparoscopic
ureteroureterostomy (LAU) in adults and children
[7]. The advantages of the da Vinci Robotic sys-
tem over traditional laparoscopy for performing a
UU include improved optics and ease of the intri-
cate suturing required for creating a watertight
anastomosis. Over time it has become evident
that LAU is an invaluable technique both for
ureteral reconstruction secondary to injury and
for the management of congenital and acquired
conditions of the ureter.

This chapter will cover LAU for the correction
of ureteral obstruction, ureteral duplication with
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reflux or obstruction, and ureteral injury in chil-
dren. The techniques described herein can also be
applied to robotic-assisted LAU. The corrections
of ureteropelvic and ureterovesical obstructions
are covered elsewhere in this text.

Indications

The decision to approach ureteral abnormalities
via a laparoscopic or an open approach is mul-
tifactorial. A laparoscopic or a robotic-assisted
approach should be attempted only by experi-
enced laparoscopic surgeons with the appropriate
equipment easily accessible.

The etiologies for which a LAU may be con-
sidered as a reconstructive technique are listed in
Table 11.1. Congenital ureteral anomalies include
duplication anomalies, ureteral valves, and retro-
caval ureters. Duplication anomalies can further
be sub-divided into obstructing and refluxing.
The former include ureteral ectopia and uretero-
celes which almost exclusively affect the upper
pole of duplex systems. The latter usually affect

Table 11.1 Indications for laparoscopic UU

Congenital ureteral anomalies
Duplication anomalies

Ureteral ectopia
Ureterocele
Vesicoureteral reflux

Ureteral valves
Retrocaval ureter
Pathologic obstruction

Intrinsic
Ureteral strictures

Polyarteritis nodosa (PAN)
Prolonged endoscopy
Recurrent ureterolithiasis
Vascular injury

Ureterolithiasis
Fibroepithelial polyps

Extrinsic
Retroperitoneal fibrosis
Tumor

Iatrogenic injury
Penetrating trauma

the lower pole moiety. Whether a UU is the opti-
mal modality for these duplication anomalies is
controversial. However, in open series, several
authors have shown that this is a viable treatment
option for these conditions yielding excellent
results [8–10].

Other congenital causes of ureteral obstruc-
tion that may be amenable to treatment by LAU
include ureteral valves and retrocaval ureters.
Both are exceedingly rare. There are fewer than
50 cases of congenital ureteral valves reported
in the literature. These structures can occur
at any point along the ureter. Leading theo-
ries as to their origin cite abnormal embryo-
genesis of the ureter and possibly persistence
of Chawalla’s membrane [11]. The feasibility
of employing laparoscopic techniques for the
reconstruction of retrocaval ureters has been
established [12].

Pathologic obstruction can occur intrinsic or
extrinsic to the ureter. Intrinsic lesions include
iatrogenic or acquired ureteral strictures (usually
from prolonged endoscopy, vascular injury, or
recurrent calculus disease), ureterolithiasis, and
fibroepithelial polyps. LAU is particularly useful
in cases of ureterolithiasis when previous endo-
scopic therapy has failed [13]. Extrinsic lesions
are also rare and include retroperitoneal fibro-
sis and retroperitoneal tumors. Lastly iatrogenic
or traumatic injury (usually penetrating trauma)
could be approached by LAU.

The only case series of robotic-assisted UU
was published by Passerotti et al. in 2008 [14]. In
that series, three patients were treated for ureteral
obstruction at the mid-ureter. All patients had a
non-eventful post-operative course without com-
plications. The mean operative time was 244 min,
and the mean length of stay was 3.5 days. Both
the operative times and total analgesic use in this
series were similar to those reported in the two
largest series of pediatric robot-assisted laparo-
scopic pyeloplasties [3, 15]. Published series of
open UU show a shorter LOS and mean opera-
tive time [16]. However, from the experience in
robotic-assisted pyeloplasty in children, it is fea-
sible to predict that increased familiarity with this
procedure will decrease both operative times and
LOS [3].
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Surgical Technique

Pre-operative Preparation

Many of the below steps are surgeon depen-
dent. These are the preparative steps we follow
at Children’s Hospital Boston and Children’s
Medical Center Dallas. Patients receive a clear
liquid diet for 24 h and a rectal suppository the
night before the procedure. Upon arrival to the
operating room, they receive a dose of antibi-
otics, usually cefazolin (unless they have a doc-
umented allergy). Depending on surgeon’s pref-
erence, cystoscopy, retrograde pyelogram, and
double-J stent placement are performed at the
start of the procedure. In cases of duplication
anomalies and ureteral ectopia where there may
not be proximal dilation of the obstructed ureter,
we strongly recommend ureteral stent placement

in order to aid in ureteral identification. This
also avoids potentially cumbersome ureteral stent
placement from the mid-ureter during the proce-
dure. A Foley catheter and an orogastric tube are
placed prior to trocar placement.

Patient Positioning

The procedure is performed under general endo-
tracheal anesthesia. After induction, the patient is
positioned supine in low lithotomy using padded
stirrups. The arms are tucked at the sides. A 30◦
wedge is placed under the patient, elevating the
affected side. In cases of duplication anomalies,
the ureter is approached lower in the pelvis and
thus no wedge is necessary. Figure 11.1 shows
the appropriate room and surgical team setup. All
pressure points are carefully padded. The patient

Fig. 11.1 The figure shows the appropriate setup of the
surgical team for a low robotic UU. The patient is placed
in a low dorsal lithotomy and the table is placed in
Trendelenburg. In cases of mid-ureteral anomalies where

a mid-ureter UU is necessary, the affected side is raised on
a wedge and the port setup as well as the robotic system
is arranged as depicted in Fig. 11.2. N, nurse; A, surgical
assistant; S, console surgeon
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Fig. 11.2 Depicted are the port placements necessary for
a mid-ureteral UU. Depending on the available equip-
ment, smaller camera and working ports may be used.

Alternatively a fourth, 5-mm assistant port can be placed
slightly off the midline and away from the affected site

is then secured to the operating table and a sterile
prep and draping proceeds as standard. An alter-
native is to use a vacuum bean bag under the
patient. A wedge can then be placed under the
bean bag under the site of interest. The shoulder
extensions are placed over the patient’s shoul-
ders prior to deflating it. The shoulder extensions
are then taped in a crossed fashion across the
patient’s chest and the tape is secured to the
operating table. This allows for the table to be
placed in steep Trendelenburg without fear that
the patient will not remain securely in position.

Port Placement

The table is rotated to place the patient in a
flat supine position in order for the ports to be
placed safely. Either a Hasson or a Veress needle

approach can be used for first access. A 12-mm
port (or 10 mm depending on availability) for
the camera is first inserted into the umbilicus.
For mid-ureteral lesions, two 5- or 8-mm work-
ing ports are then inserted, equidistant above and
below the umbilicus, 1 cm lateral to the midline
(Fig. 11.3). For duplication anomalies (uretero-
cele, ectopia, and lower pole reflux), the ureter is
approached below the iliac vessels and thus the
ports could be positioned as shown in Fig. 11.4.
Depending on surgeon’s preference, an additional
5-mm port can be placed in the midline between
the superior working port and the camera port
to help with suctioning, passing sutures, and
holding the tissues. Of importance, radiographic
images of the obstruction should be reviewed
prior to placing the ports; the positions of the
working ports may have to be adjusted laterally or
medially in order to place the instruments at the
optimal distance and location. For mid-ureteral
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Fig. 11.3 Depicted are the port placements necessary for
a low UU. This setup is particularly useful for duplication
anomalies or bilateral processes. Depending on the avail-
able equipment, smaller camera and working ports may be

used. Alternatively a fourth, 5-mm assistant port can be
placed slightly off the midline and away from the affected
site

Fig. 11.4 Identification and dissection of the ureter(s).
The figure depicts the initial step in performing a UU for a
duplication anomaly. In this case the patient had an ectopic
right upper pole ureter (blue arrow). The lower pole ureter
(white arrow) is reflected superiorly by an assistant and
the ureters are separated by the robotic surgeon

lesions (Fig. 11.2) the patient is rotated maxi-
mally in the opposite direction and the robot is
engaged coming over the affected side. For low

approaches to the ureter (Fig. 11.3), the robot is
engaged between the patient’s legs.

Approach and Identification
of the Ureteral Obstruction

Access to the ureter can be through a transmesen-
teric or retroperitoneal approach. In the latter the
colon is reflected medially by incising along the
white line of Toldt, exposing the retroperitoneum.
The transmesenteric approach is particularly fea-
sible in younger children where mesenteric adi-
posity does not obscure the vascular tributaries to
the colon. If a UU is to be performed below the
femoral vessels, the retroperitoneum is opened
and the ureters can easily be identified coursing
along their normal path (Fig. 11.4).

In cases of ureteral obstruction, because the
ureter is dilated proximal to the area of the
obstruction, it can be identified more easily by
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first dissecting near the lower pole of the kid-
ney. Caution should be exercised not to injure the
gonadal vessels, which lie close to the ureter in
this area. The dissection is then carried out dis-
tally toward the area of the obstruction. Isolation
of the obstructed ureteral segment may some-
times be a challenge because of previous inflam-
mation, infection, and scarring. The extent of
ureteral dissection should be limited in order to
prevent excessive devascularization. Placement
of a holding suture often is helpful in keeping the
surgical site suspended above the pooling of urine
and blood. The easiest method of placing a “hitch
stitch” is to pass a suture from the outside through
the abdominal wall, then through the structure to
be held, and back out of the abdomen (Fig. 11.5).
This allows the tension on the hitch stitch to be
adjusted as needed. The ureter is then incised
above and below the area of obstruction. In the
case involves ureterolithiasis, the stone can be
removed at this time [17]. The proximal segment
of the ureter is spatulated medially and the distal
segment laterally. Depending on surgeon’s pref-
erence, the anastomosis can be performed in an
interrupted or a running fashion with 6-0 Vicryl
with the posterior wall being approximated first.
A fourth port may be helpful to allow the tissues
to be moved and retracted to facilitate suturing.
As stated above, a double-J stent can be placed
either prior to the start of or during the procedure
although the former method tends to be easier.
The stent is placed retrograde up to the stenotic
site, and after the obstructed segment is removed,
the stent is pulled out of the distal ureter and
inserted into the upper ureter.

In cases of ureteral duplication and ectopia, the
ureters are approached below the pelvic brim and
the trocar positions are shifted (Fig. 11.3). The
obstructed upper pole ureter can usually be iden-
tified because it is more dilated than the lower
pole ureter. Again, placement of a stent into the
intravesical, lower pole ureter, simplifies ureteral
identification during the robotic portion of the
procedure. If a lower pole to upper pole UU
is to be performed for VUR, a stent is placed
into the upper pole ureter. In these unique situa-
tions, the upper pole ureter (ectopia, ureterocele)
or the lower pole ureter (reflux) is transected

Fig. 11.5 Placement of the “hitch stitch.” The figure
depicts placement of the hitch stitch (red arrow). The hitch
stitch is placed in the recipient ureter (white arrow). In this
case the recipient ureter is the lower pole in the case of
ureteral duplication with upper pole ureteral (blue arrow)
ectopia. However, in cases of vesicoureteral reflux, the
upper pole may be the recipient ureter

and anastomosed in an end-to-side fashion to
the recipient ureter after spatulation of the donor
ureter (Figs. 11.6 and 11.7). The ureterotomy in
the recipient ureter should be of approximately
the same size as the spatulated segment of donor
ureter.

After the completion of the anastomosis
(Fig. 11.8), the retroperitoneal wall can be recon-
stituted using a running 4-0 Vicryl suture. The
robot is disengaged and the ports are removed
under vision. We close all fascia with a single
interrupted 2-0 Vicryl suture on a UR-6 needle. A

Fig. 11.6 Donor ureter transection. The figure depicts
transection of the upper pole (blue arrow) donor ureter.
The recipient lower pole ureter is shown by the white
arrow



11 Robotic Ureteroureterostomy and Correction of Ureteral Defects 147

Fig. 11.7 Anastomosis. The anastomosis of the donor
ureter (upper pole, UP) to the recipient ureter (lower pole,
LP) is completed in an end-to-side fashion. A ureteral
stent (black arrow) is ideally placed as the initial step in
the case and left in place after the anastomosis is complete

Fig. 11.8 Completed anastomosis. This figure shows the
completed UU. The upper pole (UP) has been anasto-
mosed to the lower pole (LP)

drain is not routinely used since we prefer to leave
a ureteral stent. The skin can enclosed with a 5-0
Monocryl subcuticular stitch. Patients are admit-
ted overnight. The Foley catheter is removed on
post-operative day 1 and the patient is sent home
if stable. Ureteral stents are removed 3–4 weeks
post-operatively.

Follow-up

The exact timing and modality for radiographic
follow-up is the subject of debate and is usu-
ally surgeon dependent [16]. We advocate a renal
ultrasound 2 weeks after stent removal or at 6

weeks post-operatively if a stent is not used. In
cases of a ureterocele or a VUR, we advocate a
cystogram 3 months post-operatively.

Surgical Considerations

Several points require discussion when the treat-
ment of ureteral pathology (obstruction or reflux)
in duplication anomalies is considered. Concerns
have been raised about performing this proce-
dure when significant ureteral size disparity is
present [18, 19]. In these cases, several authors
have suggested that if the recipient ureterotomy
length is equal to the diameter of the larger donor
ureter, then ureteral size disparity has no influ-
ence on surgical outcome [10]. This has been our
experience as well.

It is not clear if the function of the upper pole
moiety in cases of ectopia or ureterocele has any
bearing on operative success of UU. There is a
theoretical risk in these cases of either jeopardiz-
ing the lower pole if an anastomotic complication
ensues or creating “yo-yo” reflux [20]. This entity
has not been observed in over 200 patients under-
going UU [9, 10, 16, 21]. Furthermore, concerns
that a retained poorly functioning moiety will
lead to hypertension, proteinuria, or malignancy
have not been substantiated [22].

Operative Complications

There are complications related to the technique
of laparoscopy regardless of the type of surgery
being performed. A thorough review of these is
beyond the scope of this chapter but any surgeon
who performs laparoscopic surgery should be
very familiar with the potential physiologic com-
plications of pneumoperitoneum, access injuries
(including bowel and vascular injuries), ther-
mal injuries from cautery devices, and peripheral
nerve injuries from inappropriate patient posi-
tioning [23–25].
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Post-operative Complications

Complication rates are not available for LAU
since there is only one series in the pediatric
literature involving three patients [26]. The com-
plication rates below are therefore for published
series of open UU. Urine leak from the ureter-
oureteral anastomosis can be observed as an early
or a late complication and is the most common
published complication of UU affecting up to
14% of patients [10]. For this reason, and to
aid in intraoperative identification of the ureters,
we advocate ureteral stent placement into the
recipient ureter as well as a running anastomo-
sis. Other reported complications include urinary
tract infections, urinoma, inadvertent transac-
tion of the recipient ureter, ileus, anastomotic
stricture, bleeding, persistent or de novo vesi-
coureteral reflux, and persistent hydronephrosis.
Infection of retained ureteral segments has been
reported [10, 27]. We advocate complete exci-
sion of the donor ureteral stump as far distal as
possible to attempt to prevent this.

The theoretical complication of “yo-yo” reflux
[28] has not been reported in any pediatric series
where UU was employed as a treatment modality
for the conditions outlined in Table 11.1 [8–10,
16, 18, 21, 29–33]. If there is concern for “yo-
yo” reflux, the LAU could be performed closer to
the kidney with excision of the remaining ureteral
stump.

Conclusions

Similar to the adult population, essentially all
intra-abdominal urologic procedures in the pedi-
atric population including upper pole hem-
inephrectomy, orchidopexy for undescended
testis, and ureterocalicostomy have been per-
formed using laparoscopy with and without
robotic assistance. In fact, virtually any major
urologic procedure can be performed in a mini-
mally invasive fashion. Robotic-assisted laparo-
scopic ureteroureterostomy has been shown to be
safe, feasible, and effective in pediatric patients.

This method can be employed in the management
of congenital and acquired ureteral anomalies
at all anatomic levels of the ureter and is an
important laparoscopic technique in the pediatric
urologist’s armamentarium.

Critical Instruments and Supplies

• Cystoscopic equipment
• Open-ended ureteral catheters
• Double-J stent
• Veress needle
• VersaStepTM bladeless trocars (Covidien,

Mansfield, MA)

o A 12- or 10-mm camera port
o Optional 5-mm port to be used as fourth

“assistant port”

• Laparoscopic instrumentation

o Bipolar cautery grasper
o Monopolar scissors or monopolar hook dis-

sector
o Laparoscopic Potts scissors
o Laparoscopic needle drivers
o Laparoscopic microforceps

• Sutures

o 6-0 Vicryl for anastomosis
o 2-0 PDS for “hitch stitch”
o 4-0 Vicryl to re-approximate retroperitoneal

layer
o 5-0 Monocryl suture for subcuticular skin

closure

• Intraoperative ultrasound with laparoscopic
transducer (optional) if a case of ureterolithia-
sis

Critical Operative Steps

• Placement of Foley catheter and orogastric
tube after induction.
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• Cystoscopic placement of ureteral stent into
the affected ureter if single system or into
the recipient ureter if duplicated system
(optional).

• Appropriate patient positioning depending on
the ureteral level of interest (Figs. 11.2 and
11.3) taking care to pad all pressure points and
ensuring that the patient is secured to the OR
table.

• Appropriate port placement for ureteral level
of interest (Figs. 11.2 and 11.3).

• Docking of robotic system if robotic-assisted
laparoscopy is to be performed.

• Dissection and exposure of ureter (Fig. 11.4).
• Transection of ureter and excision of stricture

segment if appropriate (Fig. 11.6).
• Ureteral spatulation and ureterotomy of recip-

ient ureter if duplicated system.
• End-to-end (single system) or end-to-side

(duplicated system) anastomosis. We prefer a
running technique using two suture lines one
on the posterior aspect and one on the ante-
rior aspect of the anastomosis (Figs. 11.7 and
11.8).

• Antegrade ureteral stent placement according
to surgeon’s preference.

• Closure of the peritoneal or mesenteric defect
• Port removal, fascial and skin closure
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Chapter 12

Robotic Radical Cystectomy and Use of Intestinal
Segments for Reconstruction in the Adult Patient

Nikhil Waingankar, Mostafa A. Sadek, Michael J. Schwartz, Douglas S. Scherr,
and Lee Richstone

Introduction

Perioperative advantages of minimally invasive
techniques are well documented for a broad
range of surgeries, both for benign and malignant
pathology. These include decreased analgesic
requirement, shorter hospital stay and convales-
cence, decreased morbidity, and improved cos-
metic outcomes. Equivalence in oncologic out-
comes between open and laparoscopic or robotic
approaches has led to minimally invasive tech-
niques becoming the standard of care for a num-
ber of different malignancies.

Traditionally carried out using an open
approach, radical cystectomy remains the surgi-
cal standard of care for muscle-invasive blad-
der cancer. While radical cystectomy has been
demonstrated to provide long-term survival or
cure in many cases [1], it is also associated with
high complication rates, with a reported range
between 28 and 64% [1, 2]. For this reason, a
number of surgeons have turned to minimally
invasive approaches in an effort to decrease mor-
bidity. In this chapter, we review the techniques
and outcomes of laparoscopic and robotic radical
and partial cystectomy and urinary diversions.
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D. Smith Institute for Urology, New Hyde Park, NY,
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Robotic-Assisted Radical
Cystoprostatectomy

Minimally invasive approaches for the treatment
of invasive bladder cancer were initiated in 1992
with laparoscopic cystectomy [3]. However, over
the next 10 years, little was reported on minimally
invasive bladder surgery. As experience with
laparoscopic techniques increased, particularly
with prostatectomy, reports of laparoscopic radi-
cal cystectomy began to re-emerge. Laparoscopic
intracorporeally created diversions, including
both ileal conduit and orthotopic neobladder,
were also described [4, 5].

Growing experience with robotic surgery has
also precipitated a large amount of interest in
the performance of radical cystectomy using a
robotic-assisted laparoscopic technique [6–11],
with either intra- or extracorporeally created uri-
nary diversion. Several institutions have explored
feasibility and perioperative outcomes of mini-
mally invasive extirpative surgery for the treat-
ment of bladder cancer (Table 12.1). Questions
of long-term oncologic efficacy in comparison
to open surgery are beginning to be explored
as institutions are examining their initial experi-
ences with short-term oncologic outcomes.

Indications and Contraindications

Open radical cystectomy is the gold-standard
treatment for patients with muscle-invasive
bladder cancer [12]. However, a number of
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Table 12.1 Perioperative data

Author Technique N Age ASA BMI ORT EBL LOS Complication rate

Pruthi and Wallen [6] RRC 20 62.3 366 313 4.35 30%
Wang et al. [7] RRC 33 70 2 26.7 390 400 5 9% major, 12% minor

Open 21 66 2 27.1 300 750 8 19% major, 5% minor
Murphy et al. [8] RRC 23 64.8 2.2 28.9 397 278 11.6 26%
Ng et al. [16] RRC 83 71 57% were 1–2 26.3 375 460 5.5 41 (9.6% major)

Open 104 67 52% were 1–2 27.2 358 1172 8 58.7 (29.8% major)
Nix et al. [18] RRC 21 67.4 2.7 27.5 252 258 5.1 33%

Open 20 69.2 2.7 28.4 210 575 6 50%
Ha et al. [19] LRC 36 67.5 23.2 428 420 10.9

Open 34 55.9 22.7 358 942 17
Haber and Gill [20] LRC 37 66 1.9 26 498 608 46%
Menon et al. [22] RRC 17 308 <150
Yuh et al. [23] RRC 54 67 2.3 27.7 318 557 9.1
Butt et al. [24] RRC 51 67 2.3 28 366 546 9.4 27%
Cathelineau et al. [25] LRC 84 61 1.9 280 550 12 18%
Hemal et al. [26] LRC 48 59 2.1 25 310 456 10.2 27%
Huang et al. [27] LRC 85 62.4 2.3 21.8 320 280 17 14.10%
Guillotreau et al. [28] LRC 38 67.9 2.1 25.9 382 430 12.7 8% major, 26% minor

Open 30 64.9 2.4 26.1 334 923 15.6 23% major, 60% minor

ASA, American Society of Anesthesiologists score; BMI, body-mass index; ORT, operating room time; EBL,
Estimated blood loss; LOS, length of stay.

reports have demonstrated that robotic surgery
has perioperative equivalence or superiority to
the open approach, with equivalent pathologic
outcomes (Tables 12.1 and 12.2). As with open
surgery, the primary indication for performing
laparoscopic or robotic-assisted radical cystec-
tomy is the presence of muscle-invasive bladder
cancer. Patients with high grade T1 disease or
carcinoma in situ may also be considered can-
didates for radical surgery, with age and medi-
cal comorbidities taken into account when mak-
ing treatment recommendations. A consultation
with the patient’s medical oncologist should take
place prior to surgery to discuss neoadjuvant
chemotherapy, particularly in patients with ≥
T2 disease. Morbid obesity and history of prior
pelvic surgery or radiation therapy may increase
the technical difficulty of the case and are consid-
ered relative contraindications. However, patient
selection may be tempered by surgeon’s expe-
rience and the only absolute contraindication
for robotic-assisted radical cystectomy is uncor-
rected coagulopathy.

Operating Room Setup

The authors’ preferred operating room confi-
guration, although determined in part by the lay-
out of the operating room and available assistants,
includes two assistants, one at each side of the
table. The scrub nurse stands on the side closest to
the assistant using the 12-mm assistant port (see
Fig. 12.1 for port placement) to allow for easier
exchange of instruments and specimens. The pri-
mary surgeon sits at the console, which is placed
in a location that provides convenient access to
the operating table.

In the case that only one assistant is scrubbed
in, this person should stand on the left side of the
bed. A fourth robotic arm can then be equipped
with a grasper and employed on the right side.

Patient Preparation and Positioning

Patients are asked to avoid anti-platelet agents or
other anti-coagulants for 7 days prior to surgery.
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Table 12.2 Oncologic data

Author Technique Nodes
Pos
margins

≤ T2
(%)

≥ T2
(%) Follow-up

Recurrence
(%)

Mets
(%) Survival

Pruthi and Wallen [6] RRC 19 0 70 20
Wang et al. [7] RRC 17 6 71 29

Open 20 14 44 56
Murphy et al. [8] RRC 16 7 74 17 17 month 4.3 91% DFS
Ng et al. [16] RRC 17.9 9 61 39

Open 15.7 0 58 42
Nix et al. [18] RRC 19 0 66 14

Open 18 0 40 25
Ha et al. [19] LRC 14.2 0 23 13 22 month 0 19.4 73% DSS,

71% DFS
Open 15.7 19 15 67 month 3 29.40 75% DSS,

73% DFS
Haber and Gill [20] LRC 14 50 62 38 31 month 0 5 92% DSS,

92% DFS
Pruthi [21] RRC 19 0 66 14 13.2 month 14 94% DFS
Yuh et al. [23] RRC 16.8 13 44 56
Butt et al. [24] RRC 17 12 43 57
Cathelineau et al. [25] LRC 86 14 18 month 2 13 83% DFS
Hemal et al. [26] LRC 14 2 39 61 38 month 0 19 73% DFS
Huang [27] LRC 12 0 68 32 21.3 month 4 7 85% DFS
Gullotreau et al. [28] LRC 11.9 11 60 40

Open 11.5 23 37 63

DFS, disease-free survival; DSS, disease specific survive.

Fig. 12.1 Port placement for robotic-assisted radical cystoprostatectomy with two assistants (left) and robotic-assisted
radical cystoprostatectomy employing a fourth robotic arm (right); trocar size noted in millimeters

In addition to a clear liquid diet for 24 h prior to
surgery, a bottle of magnesium citrate is admin-
istered for mechanical bowel preparation. An
antibiotic bowel preparation is not routinely used.
While no difference in wound infections, anas-
tomotic leakage, intra-abdominal abscess forma-
tion, or reoperation rate has been demonstrated

in a large meta-analysis of patients receiving
mechanical bowel prep versus no mechanical
bowel prep [13], our experience is that the main
advantage in mechanical prep lies in improved
intra-abdominal working space afforded by the
decompressed bowel. The disadvantages are
potential electrolyte imbalance, induction of a
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pre-renal state secondary to volume depletion,
and selection of pathogenic intestinal flora.

Following induction of anesthesia and intu-
bation, the patient is placed in dorsal lithotomy
position with the arms tucked. An X-shaped har-
ness is fashioned from egg crate foam and is
placed across the patient’s shoulders with the
inferior end of the harness positioned just above
the costal margin in order to avoid interference
with port placement. The harness is then secured
to the bed with wide cloth tape. The table
is then positioned in 30◦ steep Trendelenburg
position, and a Foley catheter is placed on the
operative field. Deep venous thrombosis (DVT)
prophylaxis is recommended, typically including
sequential compression stockings and 5,000 units
of subcutaneous heparin administered just after
anesthesia induction.

Port Placement

A midline incision is marked that allows enough
space for specimen extraction. This incision
may be periumbilical if an ileal conduit will
be used for urinary diversion or low midline
if an extracorporeal orthotopic neobladder will
be constructed. A Veress needle is inserted
and the abdomen is insufflated to 15 mmHg.
A 10–12-mm trocar is placed 5 cm superior
to the umbilicus; used as the camera port, this
location allows for maximal visualization of the
aortic bifurcation during extended lymphadenec-
tomy and also facilitates cranial dissection of
the ureters. The following ports are placed under
direct vision (Fig. 12.1): 8-mm robotic ports are
placed bilaterally 4 cm inferior to and 10 cm lat-
eral to the camera port. If two bedside assistants
are utilized, a 12-mm trocar is placed two fin-
gerbreadths above the right anterior-super iliac
spine (ASIS) in the mid-axillary line; this port
will be used by the primary bedside assistant. A
5-mm port is placed in the same location above
the left ASIS and is used by the second assistant.
Alternatively, if a fourth robotic arm is employed,
it is inserted through an 8-mm trocar above the
right ASIS, and the bedside assistant will work
from a 12-mm trocar placed in the same location

above the left ASIS. A 5-mm trocar is then placed
at the level of the umbilicus between the camera
port and the robotic port ipsilateral to the primary
assistant; this will be used primarily for suction,
irrigation, and retraction.

The description of the procedure below is
for that of robotic-assisted radical cystoprosta-
tectomy. Purely laparoscopic cystectomy follows
essentially the same procedure but with different
instrumentation.

Identification and Transection
of the Ureters

Surgery begins with incision of the white line of
Toldt lateral and inferior to the descending colon.
The bedside assistant or the robotic fourth arm
retracts the colon medially using a ProGraspTM

(Intuitive Surgical, Sunnyvale, CA). The poste-
rior peritoneum overlying the iliac bifurcation is
incised, allowing for identification of the ureter.
The assistant or the robotic fourth arm then grasps
just beneath the ureter, retracting it anteriorly to
facilitate further dissection, both cranially and
caudally. Ureteral dissection should be carried
out proximally to the level of the upper com-
mon iliac artery and distally to the level of the
ureteral hiatus (Fig. 12.2). Extent of dissection
may depend to some degree on body habitus.
Dissection is carried out in a similar fashion
bilaterally.

Fig. 12.2 Identification of the ureter
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Division of the Anterior Pedicle

The avascular plane between the external iliac
vessels and the lateral aspect of the bladder is
entered next (Fig. 12.3). The superior vesical
artery, which lies in the posterior aspect of this
plane and forms part of the anterior pedicle, is
clipped and divided. In nerve-sparing surgery, the
remainder of the pedicle is clipped and divided
as well in order to avoid thermal injury to the
neurovascular bundles; otherwise, in non nerve-
sparing surgery, a 10-mm LigaSureTM (Valley
Lab, Boulder, CO) may be used to divide the
remainder of the anterior pedicle.

Fig. 12.3 Development of the anterior pedicle

The vasa deferentia and ureters can now be
clipped and divided. A suture may be tied to the
proximal ureteral clip to facilitate identification
and transposition later in the case.

Development of the Posterior Plane

The posterior plane consists of the space between
the bladder and the rectum. To develop this plane,
the left assistant lifts the bladder anteriorly, while
the right assistant retracts the posterior peritoneal
edge. Monopolar scissors are then used in a
broad, sweeping motion to divide the posterior
peritoneal reflection. Dissection is carried out dis-
tally to the prostatic apex and should be done
beneath the posterior leaflet of Denonvillers’
fascia in order to obtain an adequate posterior
margin.

Division of the Posterior Bladder
and Prostatic Pedicles

Once development of the posterior plane is com-
plete, the posterior pedicle can be visualized just
distal to the previously clipped anterior pedi-
cle. Further exposure of the pedicle is gained
with the primary assistant (or fourth robotic arm)
retracting the bladder superomedially and the
second assistant retracting the rectum posteriorly.
Pedicles are then divided bilaterally as distally
as possible using a 10-mm LigaSureTM (Valley
Lab, Boulder CO) device. In a nerve-sparing pro-
cedure, a reticulating laparoscopic stapler with
2.5-mm vascular staple loads or clips can be
used instead in order to prevent thermal transmis-
sion injury. Next, the endopelvic fascia is divided
bilaterally using robotic shears, exposing the pro-
static pedicles, which are then divided using the
LigaSureTM (or Hem-o-lockTM clips in nerve-
sparing surgery). Dissection should be carried out
as caudally as possible, as the next step in the
surgery—anterior release of the bladder—will
limit exposure of the posterior plane.

Anterior Bladder Release

The urachus is first divided below the level of
the umbilicus. The medial umbilical ligament
is then grasped and retracted medially by the
robotic fourth arm or the contralateral assistant.
Monopolar scissors are used to incise the ante-
rior peritoneum, taking a wide margin throughout
the dissection as the surgeon proceeds inferi-
orly toward the pubic bone. The median umbil-
ical ligaments are divided, and any remaining
endopelvic fascia is opened. If orthotopic urinary
diversion is planned, the puboprostatic ligaments
are spared; otherwise, they are divided.

Division of the Dorsal Venous
Complex

The prostatic dissection continues with the divi-
sion of the dorsal venous complex. To start, a
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0-polyglactin suture is passed beneath the DVC
distal to the prostatic apex. In nerve-sparing
surgery, the DVC is clipped and divided; other-
wise, thermal modalities can be used. The bladder
is then retracted superiorly, putting traction on
the now-exposed urethra. The anterior half of the
urethra is divided distal to the prostatic apex;
electrocautery should not be used if an ortho-
topic neobladder is planned. The Foley catheter
is then clipped with a large Hem-o-lockTM clip
to prevent tumor spillage and divided distal to
the clip. The left-side assistant grasps the cut
end of the Foley catheter and retracts the blad-
der and prostate superiorly, and the posterior half
of the urethra is then divided. Any remaining
attachments are released. The bladder, prostate,
and seminal vesicles are all placed in a 15-mm
endocatch bag (Fig. 12.4).

Fig. 12.4 Controlling the dorsal venous complex

Extended Pelvic Lymph Node
Dissection

Adequate dissection of lymph nodes involves
removal of all lymph tissue between the aor-
tic bifurcation superiorly and the Cooper’s liga-
ment inferiorly, and between the genitofemoral
nerve laterally and the sacral promontory medi-
ally. Dissection begins at the external iliac nodes
and then proceeds to the internal iliac and obtu-
rator groups (Fig. 12.5). Next, the left and right
colon are retracted medially to allow for dis-
section of the pre-sacral nodes bilaterally. All

Fig. 12.5 Lymph node dissection at aortic bifurcation

groups are removed en bloc and are placed in a
10-mm EndocatchTM bag. Dissection should be
done bilaterally, and nodes from each side are
extracted and labeled separately.

Transposition of the Left Ureter
to the Right Side

The first step in transposing the left ureter to
the right side is the development of a plane pos-
terior to the sigmoid colon and anterior to the
aorta, superior to the level of the common iliac
takeoff. A suction device is passed from left to
right along the plane until it can be visualized
on the right side. The right assistant then places
a Maryland grasper into the tip of the suction
device, and together the instruments are moved
along the plane back to the patient’s left side.
The Maryland grasper is then used to grab the
suture attached to the left ureter. The left ureter
is pulled by its suture along the plane behind
the sigmoid mesentery to the patient’s right side.
Alternatively, the ureter may be passed beneath
the sigmoid colon once the open urinary diver-
sion is initiated; however, this may necessitate
a larger incision, particularly with ileal conduit
creation.
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Radical Cystectomy and Anterior
Pelvic Exenteration

While radical cystoprostatectomy is the standard
treatment for men with invasive bladder cancer,
women have traditionally been treated using rad-
ical cystectomy with anterior pelvic exenteration.
The steps of this surgery briefly [14] are the
following:

(1) Identification and division of ovarian
pedicles

(2) Identification of ureters
(3) Superior vesical pedicles and uterine

vessels divided
(4) Plane between bladder and vagina

developed (vagina-sparing) or vagina
entered at junction with bladder and
incision extended beyond the urethra

(5) Urachus divided and bladder released from
abdominal wall

(6) Endopelvic fascia opened
(7) DVC cauterized
(8) Ileal conduit: vagina divided distally to

urethra. Orthotopic neobladder: Urethra
divided just distal to bladder neck

(9) Hysterectomy, en bloc or separate (if not
sparing uterus)

(10) Vagina entered posteriorly with fourth arm
and divided distal to cervix

(11) Specimen extracted, vagina closed

Alternatively, a vaginal- and uterine-sparing
posterior approach has been described [15]:

(1) Using posterior approach through
cul-de-sac, an inverted U-shaped inci-
sion made in the peritoneum of cul-de-sac
between bladder and uterus. Vertical limbs
of “U” follow the course of the lower
ureters from the iliac bifurcation to the
ureteral hiatus, whereas the horizontal
portion of the “U” is made anterior to the
ovaries and uterine corpus.

(2) Plane between uterus and bladder developed
as far inferiorly as possible.

(3) Ureters dissected from ureterovesical junc-
tion (UVJ) to iliac bifurcation

(4) Inferior vesical pedicle divided
(5) Ureter transected
(6) Lymphadenectomy
(7) Uterine artery clipped
(8) Anterior bladder released
(9) Endopelvic fascia opened lateral to urethra

(10) Dorsal venous complex secured
(11) Urethral apex dissected free from anterior

vaginal wall and superior vesical pedicle
divided

(12) Plane between lateral vaginal sulci and lat-
eral wall of urethra dissected

(13) Urethra transected, specimen extracted

Urinary Diversion

Orthotopic Neobladder

In cases performed with a periumbilical incision,
the robot is undocked and the neobladder
is created and anastomosed to the ureters
extracorporeally. A Foley catheter is inserted
through the urethra and is passed into the
neobladder, and the balloon is inflated with
15 cm3 sterile water. The neobladder is then
pulled back down into the abdomen and the
catheter is placed on gentle traction. The fas-
cia is closed except for the superior-most 1 cm,
which is left open for re-insertion of a 10–12 mm
camera port. The robot is then re-docked, and
the patient is placed back in 30◦ Trendelenburg
position. For the urethral anastomosis, a double-
arm suture is created from a 10–in. segment of
undyed 2-0 Biosyn on a GU-46 needle tied to
a 10–in. segment of dyed 2-0 Monocryl on a
UR-6 needle. The anastomosis starts with the
dyed Monocryl suture at the 6 o’clock posi-
tion, with the needle being driven from outside
to inside on the neobladder and then inside to
outside on the urethra. This is repeated in a
running fashion five times in the clockwise direc-
tion, at which point the left assistant grasps the
dyed suture and places it on gentle traction to
control the posterior portion of the anastomosis.
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Suturing with the undyed Biosyn is then started
at the 5 o’clock position with the needle being
driven from outside to inside on the urethra and
then inside to outside on the neobladder. This is
repeated in a running fashion until the surgeon
reaches the 2 o’clock position, at which point
the right assistant grasps the undyed Biosyn and
places it on gentle traction. The dyed Monocryl
is re-loaded and running of the suture continues
as described above until it is outside the urethra
at the 12 o’clock position. Both needles are cut
from the sutures, and the two ends are then tied.
The case concludes with placement of a Jackson–
Pratt drain through the 5-mm left port, undocking
of the robot, and irrigation and closure of all
wounds.

Alternatively, anastomosis of the orthotopic
neobladder to the urethra may be accomplished
through a low-midline incision. This offers
the advantages of removing the specimen and
creating the neobladder and ureteral anasto-
moses through the same incision, then com-
pleting the urethral anastomosis in standard
open fashion. This maneuver saves time versus
the periumbilical approach described above by
eliminating the need to undock and then redock
the robot.

Ileal Conduit Urinary Diversion

Following robotic cystoprostatectomy, the robot
is undocked and an ileal conduit is created via
the periumbilical incision in standard open fash-
ion, albeit through a smaller incision. Ureteral
stents are placed along with a 24-Fr stomal
catheter, which is advanced beyond the abdomi-
nal wall fascia. The stents and stomal catheter are
removed prior to hospital discharge.

Continent Cutaneous Urinary
Diversion

To create a right colon pouch, standard
laparoscopic equipment is used at the beginning
of the case to reflect the right and transverse

colon. Following cystectomy, the diversion is
created through a periumbilical incision.

Outcomes

Radical cystectomy has traditionally carried a
high degree of morbidity relative to other uro-
logical procedures. Complications commonly
reported in the minimally invasive literature
include bleeding, urinary tract infection, ileus,
cellulitis, thromboembolism, and abdominal
abscess. Although there are relatively few case
series on robotic radical cystoprostatectomy com-
pared to open series, there is sufficient short-
term data to suggest that robotic surgery can
reduce the number and severity of postoperative
complications associated with radical cystectomy
(Table 12.1).

In a prospective study comparing open ver-
sus robotic surgery, Ng et al. found that open
cystectomy carried a significantly higher compli-
cation rate than robotic surgery (58.7 and 41%,
respectively) and a higher rate of major complica-
tions (29.8 and 9.6%, respectively). Furthermore,
robotic surgery was found to be an indepen-
dent predictor of fewer overall and major (grades
III–V on the modified Clavien classification sys-
tem) complications at 30 and 90 days versus
open surgery [16], and that major complications
generally occur after postoperative day 30 [17].
In the only reported prospective, randomized
study comparing open versus robotic surgery,
Nix et al. [18] found that the robotic cohort not
only had a significantly longer operative time
but also had a significantly lower EBL, faster
return of bowel function, and lower postopera-
tive analgesic requirement. In addition to having
equivalent or improved perioperative outcomes
compared to open surgery, short-term oncologic
data for minimally invasive surgery appear to
be equivalent to open surgery (Table 12.2). Ha
et al. [19] compared oncologic outcomes between
laparoscopic and open cases and found no sig-
nificant difference in overall, cancer-specific, and
recurrence-free survival at 3 years. Haber and
Gill [20] have also evaluated oncologic efficacy
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of laparoscopic radical cystectomy. Outcomes
appear comparable to contemporary series of
open radical cystectomy with a mean follow-up
of 31 months.

These early studies show promising results for
perioperative, pathologic, and short-term onco-
logic outcomes. However, the definitive test
lies in long-term follow-up data which is not
yet available to draw conclusions regarding
the long-term oncologic efficacy of minimally
invasive cystoprostatectomy. Nevertheless, early
comparative data show that minimally invasive
approaches can duplicate oncologic results of
open surgery while decreasing perioperative mor-
bidity.

Minimally Invasive Partial
Cystectomy

While minimally invasive approaches for many
urologic procedures have been demonstrated
to offer equivalent or superior outcomes when
compared with open surgery, there is relatively
limited experience with minimally invasive
partial cystectomy (MIPC). Partial cystectomy,
which involves removing the full thickness of
a selected part of the bladder wall, has been
described for benign tumors such as pelvic para-
gangliomas [29], bladder leiomyomas, infected
urachal cysts, and endometriomas [30, 31]. While
shown to be a feasible procedure, outcome data
for its use in malignant disease are limited
to small series [32–37]. Part of the explana-
tion is that most patients with invasive blad-
der cancer require radical cystectomy due to
multifocality, presence of carcinoma in situ,
or location of the lesion, even when unifo-
cal. Therefore, the number of patients consid-
ered candidates for a bladder-sparing approach
for urothelial malignancy is small. However,
in appropriately selected patients, partial cys-
tectomy for malignancy can provide oncologic
outcomes equivalent to radical surgery while
sparing the patients significant morbidity [38,
39]. Herein, we describe the technique of MIPC
for the treatment of both benign and malignant
pathologies.

Indications

In an attempt to spare the functioning normal
segments of the bladder, preserve erectile func-
tion, and avoid the potential metabolic compli-
cations and lifestyle impact of urinary diver-
sion, partial cystectomy may be performed for
both benign and malignant bladder conditions in
appropriately selected patients. A spectrum of
benign indications is presented in Table 12.3.

Table 12.3 Benign indications for partial cystectomy

Bladder diverticula
Cavernous hemangioma
Ulcerative interstitial cystitis
Colovesical fistulas
Vesicovaginal fistulas
Endometriosis involving the bladder
Infected/recurrent urachal cysts
Bladder pheochromocytoma

Cancer patients considered for partial cystec-
tomy must be carefully selected [40]. Patients
with solitary lesions at the bladder dome or
contained in a bladder diverticulum may be
offered a bladder-sparing approach. Patients with
multifocal disease, carcinoma in situ, or those
with prior history of urothelial carcinoma are
not candidates for partial cystectomy, mandat-
ing thorough cystoscopic evaluation with random
bladder and prostatic urethral biopsies to confirm
the absence of carcinoma in situ or unsuspected
multifocality. Urachal adenocarcinoma is a rare
tumor accounting for less than 1% of all bladder
tumors, but their typical location at the blad-
der dome makes patients potential candidates for
partial cystectomy [32].

Positioning and Trocar Placement

For laparoscopic and robotic-assisted partial cys-
tectomy, patients are positioned in the dor-
sal lithotomy position with steep Trendelenburg
position, similar to that described for radical cys-
tectomy. A five-port configuration is used, as
depicted in Fig. 12.6. When performing MIPC
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Fig. 12.6 Port placement for robotic partial cystectomy (left) and laparoscopic partial cystectomy (right); trocar size
noted in millimeters

Instruments

• Curved monopolar scissors 
• Laparoscopic Needle driver 
• MicroFrance grasper 
• Valley Lab™ 10mm LigaSure™ Atlas 
• Large/Small Hem-o-lock™ clip applier 
• 10mm clip applier 
• 10mm and 15mm retrieval device 
• Flexible cystoscope set 

Critical Operative Steps 
1) Cystoscopy performed to localize lesion  
2) Electrocautery used to delineate tumor 

and dissect bladder sparing mucosa 
3) Bladder lesion excised circumferentially 

with 2 cm margin 
4) Specimen placed in retrieval bag, 

margins analyzed by frozen section 
5) Bladder closed in two layers  
6) Extended pelvic lymph node dissection 
7) Perivesical drains placed

for urachal carcinoma, the camera port should
be positioned at least 5 cm above the umbilicus
to facilitate adequate mobilization of the urachal
remnant.

Cystoscopy

Once the patient is positioned and the ports are
placed, a cystoscope is introduced to concurrently
visualize the interior of the bladder. This facili-
tates tumor localization and delineation of mar-
gins, promoting a more accurate excision with
an increased likelihood of attaining negative mar-
gins. Electrocautery is utilized to outline the area
of resection on the external aspect of the bladder.
Once this is complete, the cystoscope is removed
and a Foley catheter is placed.

Technique

The MIPC technique described here is spe-
cific to malignant indications, although the gen-
eral technique is similar for both malignant
and benign conditions. The bladder is irrigated
with 200–300 ml sterile water to better define
the anatomy. Using electrocautery, the surgeon
dissects through the layers of the bladder, leaving
the mucosa intact. Prior to dividing the bladder
mucosa, the bladder should be emptied to avoid
any spillage of bladder contents into the abdom-
inal cavity. Alternatively, a laparoscopic stapling
device may be placed under cystoscopic guidance
and used to exclude and excise the lesion. Suture
closure of the bladder under the staples allows
for the subsequent excision of the staple line.
Care should be taken to ensure adequate margins
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of 2 cm around the tumor, and the perivesical
fat overlying the tumor should be removed en
bloc with the specimen [41]. For urachal ade-
nocarcinoma, the urachus is dissected with wide
peritoneal wings to the level of the umbilicus.
With the urachus free, a cystostomy is performed
and the bladder lesion is excised circumferen-
tially, also with a margin of at least 2 cm. A
frozen section analysis is performed on the blad-
der margin to ensure complete resection. If neg-
ative margins are not achievable, then a radical
cystoprostatectomy is performed. If, on the other
hand, margins are free of disease, the bladder is
closed with polyglactin suture in two layers. The
surgeon should then proceed to do an extended
pelvic lymph node dissection, as described above.
A Foley catheter and perivesical drain are placed.
The specimens are extracted within an imper-
meable specimen-retrieval bag and all ports are
removed and closed in standard fashion. The
drain is routinely removed 24 h postoperatively
and the Foley catheter is left in place for 7–
10 days. Performance of a cystogram prior to
catheter removal is at the surgeon’s discretion.

Specific technical precautions should be
observed in MIPC. A tension-free closure is
necessary and may require bladder mobilization,
as previously described. Techniques of intracor-
poreal suturing and ureteric reanastomosis should
be mastered by the surgeon as they are utilized
when concurrent distal ureterectomy is required
or if ureteric injury occurs.

Outcomes and Complications

Complications of MIPC follow those of most
published series in laparoscopic urological
procedures, including bleeding, viscous injury,
urosepsis, and wound infection; no increased
incidence of partial cystectomy-specific compli-
cations have been reported [34].

MIPC is an effective treatment option for
benign bladder conditions, offering patients
the advantages of less analgesic requirement
and shorter hospital stay and convalescence.
Outcomes of MIPC in patients with bladder

cancer are limited to date. The largest urologic
case series of MIPC in the treatment of malig-
nancy detailed the perioperative and follow-up
care of six patients, including three with urachal
carcinoma and three with transitional cell carci-
noma. There were no intraoperative or postoper-
ative complications, and at a mean follow-up of
28.5 months, all patients remained disease free
[32]. Additional small series and case reports
have demonstrated the feasibility of laparoscopic
and robotic partial cystectomy for urachal carci-
noma [32, 33, 36, 37]. Given this limited expe-
rience, no definitive conclusions can be drawn
regarding the oncologic efficacy of MIPC for
malignancy. Nevertheless, studies to date demon-
strate the feasibility and safety of laparoscopic
and robotic partial cystectomy. Careful atten-
tion to oncologic principles should allow for
oncologic outcomes equivalent to those of open
surgery.

Conclusion

Minimally invasive surgery of the bladder is
safe and technically feasible, with excellent out-
comes for the treatment of benign bladder pathol-
ogy. As the technology of surgical instruments
and operative techniques continue to improve,
morbidity is expected to continue to decline.
Outcomes for malignancy have thus far been
promising, but long-term oncologic data are
needed to determine whether laparoscopic and
robotic-assisted approaches can provide oncolog-
ically sound minimally invasive alternatives to
open surgery.

Critical Operative Steps

(1) Identification and distal transection of
ureters

(2) Division of anterior pedicle
(3) Development of posterior plane
(4) Division of the posterior bladder and

prostatic pedicles
(5) Anterior bladder release
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(6) Division of the dorsal venous complex
(7) Specimen placed in retrieval bag
(8) Extended pelvic lymph node dissection
(9) Transposition of ureter

(10) Urinary diversion

Critical Instruments

• Valley LabTM 10-mm LigaSureTM Atlas
• Curved monopolar scissors
• Laparoscopic Scissors
• Laparoscopic needle driver
• Laparoscopic Maryland grasper
• PreciseTM bipolar grasper
• MicroFrance grasper
• ProGraspTM grasper
• Suction irrigator
• Large/small Hem-o-lockTM clip applier
• Clip applier (10 mm)
• Laparoscopic stapler with 2.5-mm vascular

staple loads
• Retrieval device (10 and 15 mm)
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Chapter 13

Laparoscopic Bladder Augmentation and Creation
of Continent-Catheterizable Stomas
in the Pediatric Patient

Kristin A. Kozakowski and Walid A. Farhat

This chapter contains a video segment which can be found at the
URL: http://www.springerimages.com/ost

Introduction

The need for creation of a suitable urinary reser-
voir that provides a socially acceptable degree
of both continence and independence arises in
a wide variety of conditions in children. These
conditions include spina bifida, posterior ure-
thral valves, bladder exstrophy, and severe dys-
functional voiding. Augmentation cystoplasty
with bowel segments along with the creation
of a continent-catheterizable stoma is a well-
described procedure that results in reducing the
storage pressure of the native bladder and increas-
ing the overall capacity to store urine while
maintaining continence. Bladder augmentation is
considered only after conservative medical man-
agement with anticholinergic medications and
intermittent catheterization fails.

Traditionally, bladder augmentation and cre-
ation of a continent-catheterizable stoma has
been a major abdominal operation with large
abdominal scars, long post-operative stays,
and significant analgesic requirements. Despite
the widespread introduction of laparoscopic
procedures in pediatric urology, augmentation

K.A. Kozakowski (�)
Urology, The Hospital for Sick Children, Toronto, ON,
USA
e-mail: kkoz99@gmail.com

cystoplasty is still mainly performed as an
open procedure due to the intricacy of the
surgical technique and bowel reconstruction.
Recently, multiple groups have introduced tech-
niques for both laparoscopic-assisted and com-
plete laparoscopic bladder augmentation and cre-
ation of a continent catheterizable stoma that have
proven to be a safe, feasible minimally alter-
native approach that offers better post-operative
recovery, reduced analgesia requirements, and
improved cosmesis [1–8].

Indications

Bladder augmentation is used to increase blad-
der capacity and reduce bladder pressure in an
effort to protect the upper tracts from progressive
deterioration and to achieve urinary continence.
Patients who are being considered for bladder
augmentation must be thoroughly evaluated with
urodynamic studies to determine bladder pres-
sure, compliance, and capacity. They must also
be committed to lifelong intermittent catheteri-
zation, either per urethra or through a continent-
catheterizable stoma, since normal voiding will
no longer be possible. Due to the risk of devel-
opment of future malignancy which has recently
been reported, bladder augmentation is reserved

167M.C. Ost (ed.), Robotic and Laparoscopic Reconstructive Surgery in Children and Adults,
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as a final step after anticholinergics and inter-
mittent catheterization alone have failed. The
laparoscopic approach to bladder reconstruction
can be considered in any patient by a surgeon
who is technically competent in laparoscopy. As
with other forms of minimally invasive surgery,
a major advantage of laparoscopic bladder aug-
mentation is smaller surgical scars, improved
analgesia, and quicker return to ambulation. In
a selected group of patients, particularly ambu-
latory patients with intact sensation, these advan-
tages become more desirable.

Contraindications

In general, bladder augmentation with bowel seg-
ments is contraindicated in patients with compro-
mised renal function, renal tubular acidosis, hep-
atic failure, inflammatory bowel disease, short
gut syndrome, and poor compliance with inter-
mittent catheterization. With the laparoscopic
approach, the ileum is the only intestinal segment
that can be used in the current technique.

Although the laparoscopic approach can be
considered in any patient, there are several situ-
ations which would be unsuitable. Many patients
who require bladder augmentation, particularly
the population with neurogenic bladders sec-
ondary to spina bifida, have a body habitus that
does not ideally lend itself to insufflation that
would allow enough room for adequate exposure.
Thus, patients who have a very small torso with
limited intraabdominal area may not be suitable
candidates for the laparoscopic approach. Due
to adhesions, a history of prior major abdom-
inal or pelvic surgery may also pose a con-
traindication. This may not become apparent until
laparoscopy has been attempted and the insuf-
flated peritoneal cavity has been inspected. Most
of the spina bifida patients also have a history
of ventriculoperitoneal shunt placements. While
not an absolute contraindication to laparoscopy,
the surgical team must be aware of possible com-
plications from ventriculoperitoneal shunt failure
secondary to obstruction caused by peritoneal
insufflation [9].

Thus, as with all laparoscopic procedures,
patients and their families must be informed
that an open conversion may be needed due
to unfavorable operative conditions. In addition,
the surgery team, both the primary surgeon and
the assistant, must be proficient in advanced
laparoscopy as this is a complex reconstruc-
tive procedure. Improved cosmesis and quicker
recovery time should not compromise surgical
success.

Surgical Technique

Pre-operative Considerations

Since the bowel segment is irrigated and opened
in situ, there is increased risk for intraperitoneal
spill of poorly prepared bowel segments with
potentially serious complications. Thus, a full
mechanical and antibiotic bowel prep to decrease
the bacterial load is recommended when using
the laparoscopic approach. This is despite recent
reports that suggest bowel preparation is unnec-
essary for enterocystoplasty in children [10]. In
addition, the surgical team must be prepared
for open conversion at any point in the case,
particularly when insurmountable difficulties are
encountered with exposure or operating space or
if prolonged anesthesia time becomes unsafe for
the patient.

Surgical Procedure

Introduction

Since the first reported case of laparoscopic
bladder augmentation using stomach in a 17-
year-old girl by Docimo in 1995 [1], there have
been only a few published reports of the laparo-
scopic approach [2–8]. In 2000, Sung et al.
reported their initial experience with laparoscopic
augmentation cystoplasty in three patients, ages
32–45, for interstitial cystitis, multiple sclero-
sis, and neurogenic bladder secondary to cervical
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Foley catheter to inflate
bladder aiding dissection

Line path where anchoring stitches
are exteriorized to suspend bowel
intracorporeally

12 mm umbilical
camera port

5 mm, endo-GIA port 

12 mm endo-
GIA port

Fig. 13.1 Placement of laparoscopic trocars and sutures

spine injury; only one patient had concomitant
creation of a continent-catheterizable stoma [2].
The bowel reconstruction was performed extra-
corporeally. Their operative times ranged from 5
to 8 h but had no significant intraoperative com-
plications. Their results showed a trend toward
earlier return of bowel function and decreased
needs for post-operative analgesia, although one
patient had a prolonged post-operative ileus. In
2002, Meng et al. [3] reported complete laparo-
scopic ileal cystoplasty with an operative time of
9 h and successful outcome of bladder capacity of
550 ml and continence between catheterizations
at 8 months post-operatively. Recently, Abdel-
Hakim et al. published their series of 23 patients,
mean age 27 years, with extracorporeal creation
of the ileal pouch [8]. They reported a mean
operative time of 202 min, mean hospital stay
of 5 days, and two long-term complications in a
39-month follow-up.

Augmentation Enterocystoplasty

Access

The patient is placed supine with the legs
slightly apart and a Foley catheter is inserted per

urethra. Earlier techniques included a cystoscopy
and placement of ureteral stents to aid in identi-
fying the ureters, but this has not been carried out
in the more recent cases. A total of three ports are
placed with the configuration shown in Fig. 13.1.
A 12-mm trocar is inserted at the umbilicus. In
cases in which a Mitrofanoff appendicovesicos-
tomy is considered, this umbilical location is later
used to create the stoma for the catheterizable
channel. After achieving adequate intraperitoneal
pressure, a 5-mm trocar is inserted in the right
upper quadrant and a 12-mm trocar in the left
lower quadrant. The peritoneum is then carefully
inspected and lysis of adhesions is performed if
necessary.

Isolation of Bowel Segment

Attention is then directed toward isolation of
the bowel segment and appendix. A premeasured
15-cm vessel loop segment is used for measure-
ment of an appropriate section of bowel and is
inserted through one of the trocars (Fig. 13.2). To
select the segment of bowel, attention is paid to
the distance of the loop from the ileocecal valve
and the mobility of the mesentery. The bowel
segment must have sufficient mobility to allow
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Fig. 13.2 Vessel loop used to identify correct length of
bowel

for tension-free advancement toward the pelvis.
Once the intestine segment is identified, percu-
taneous transabdominal fixating sutures using a
Keith needle can be done (Fig. 13.3). These trans-
abdominal fixating sutures provide an easy visual
aid to help identify these points; two different
sutures can be used to differentiate between the
proximal and the distal end of the bowel segment.

Fig. 13.3 Transabdominal traction sutures

They also provide tension, secure the struc-
ture of interest in proper orientation, decrease
the number of ports needed, and can be easily
relocated depending upon the angle of dissection.

Bowel Anastomosis

The mesenteric vessels can be identified by hold-
ing the mesentery against the laparoscopic light
as in open surgery (Fig. 13.4). The mesenteric
window is then developed with the assistance
of the laparoscopic hemostatic cutting devices.

Fig. 13.4 Identification of the mesenteric vessels

The segments of bowel are transected with
endoscopic gastrointestinal anastomosis staplers
(Endo-GIA), and subsequently bowel continuity
is restored with a side-to-side anastomosis using
the stapler device (Fig. 13.5) and intracorporeal
free-hand sutures in two layers (Fig. 13.6). The
direction of the stapler is crucial, aiming toward
the antimesenteric border with parallel alignment
of the anastomotic ends. The mesenteric defect is
then approximated with intracorporeal free-hand
sutures.

Fig. 13.5 Side-to-side bowel anastomosis using the
Endo-GIA stapler

Fig. 13.6 Intracorporeal sutures to close the bowel in two
layers
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Detubularization

The isolated ileal loop is opened at one end and
irrigated in situ with the laparoscopic suction irri-
gator, using antibiotic solution. This is repeated
several times to attempt to clean the bowel of par-
ticulate matter and minimize the bacterial load.
Once the mechanical cleansing is completed to
an acceptable degree, the staple lines are sharply
resected, and the bowel is opened on its antime-
senteric border, using a laparoscopic hemostatic
cutting device (Fig. 13.7). The U-shaped recon-
figuration of the detubularized patch is achieved
by securing the apex to the anterior abdominal
wall and expedited by intracorporeal free-hand
sutures or the use of the Endo-Stitch Autosuture
device.

Fig. 13.7 Detubularization of the bowel

Bladder Incision and Cystoplasty

The bladder is prepared by opening the peritoneal
reflection and dissecting around the perivesi-
cal space until enough exposure is gained. As
in the open procedure, the detrusor muscle is
subsequently opened in a longitudinal or a trans-
verse fashion, mindful of the need for a generous
cystotomy to avoid an hourglass configuration
(Fig. 13.8). The bladder mucosa is then exposed
using careful dissection (Fig. 13.9).

A running anastomosis with the bladder and
detubularized ileal patch can be achieved by
either intracorporeal free-hand sutures or the use
of the Endo-Stitch Autosuture device under direct
visualization. A watertight closure is then veri-
fied by irrigating the bladder with sterile saline

Fig. 13.8 Opening of the detrusor muscle in longitudinal
direction

Fig. 13.9 Exposure of the mucosa

through the Foley catheter. Either port can then
be used to advance a closed suction drain near
the anastomosis.

Creation of Continent-
Catheterizable Stoma

Introduction

The feasibility of laparoscopic-assisted appendi-
covesicostomy was first reported in 1999 by Van
Savage and Slaughenhoupt [11] in their series of
three obese female patients; they had no intraop-
erative laparoscopic complications, and at 1 year
of follow-up, all three had patent catheterizable
channels. In 2004, Casale et al. [12] reported their
initial case of completely intracorporeal, laparo-
scopic appendicovesicostomy in a 4-year old
with the VATER malformation. Their operative
time was 198 min, there were no complications,
and the patient was discharged home on post-
operative day 3. At 8 months of follow-up, the
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channel remained patent and continent. Shortliffe
and Hsu [13] also reported their initial case of
fully laparoscopic Mitrofanoff appendicovesicos-
tomy in a 11-year-old girl with spina bifida in
2004. Laparoscopic operative time was 360 min,
hospital stay was 7 days, and the stoma was
patent and continent at 9 months of follow-up.

Access

The patient is placed supine with the legs slightly
apart and a Foley catheter is inserted per ure-
thra. Earlier techniques included a cystoscopy
and placement of ureteral stents to aid in identi-
fying the ureters, but this has not been carried out
in the more recent cases. A total of three ports are
placed with the configuration shown in Fig. 13.1.
A 12-mm trocar is inserted at the umbilicus. In
cases in which a Mitrofanoff appendicovesicos-
tomy is considered, this umbilical location is later
used to create the stoma for the catheterizable
channel. After achieving adequate intraperitoneal
pressure, a 5-mm trocar is inserted in the right
upper quadrant and a 12-mm trocar in the left
lower quadrant. The peritoneum is then carefully
inspected and lysis of adhesions is performed if
necessary.

Isolation and Harvest of the Appendix

After appropriate lysis of adhesions and identifi-
cation of the ileocecal valve, the appendix will
be identified. Note that in patients with signif-
icant kyphosis, the appendix may be located in
the right upper quadrant, not necessarily the right
lower quadrant. Furthermore, in some patients
with previous spinal surgery or ventriculoperi-
toneal shunt placement, the bowel can be relo-
cated into different quadrants to facilitate medial-
ization of the appendix. The right colon is mobi-
lized medially. After sufficient mobilization, the
appendix should be brought toward the bladder
to ensure that it has an adequate length with-
out tension to reach the skin. The blood supply
to the appendix, often fragile, is also carefully

identified by holding the mesentery against the
laparoscopic light as in open surgery. To facili-
tate appendiceal vessels dissection, percutaneous
traction anchoring stitches can be used along
the lower abdominal quadrant (Fig. 13.1). The
appendix is then harvested using the Endo-GIA
stapler, leaving an approximately 5-mm cuff of
cecum to ensure adequate closure of the bowel
defect and preserving adequate vascular supply.
Using intracorporeal free-hand suturing, the cecal
staple line is then oversewn in two layers with 2-0
silk suture.

Appendicovesicostomy

The native bladder is identified and dissected free
from the peritoneum if not already adequately
mobilized during the augment section of the oper-
ation. An approximately 4-cm detrusor muscle
trough is created along the identified section of
the posterior bladder. At the distal end of the
trough, a small cystotomy is created for anasto-
mosis of the appendix. To aid in this part of the
operation, the bladder may either be filled with
normal saline as in the open procedure, or inflated
with separate CO2 insufflator.

Attention is then turned to prepare the
appendix. The distal 5 mm of the appendix is
excised sharply and spatulated. The lumen should
be irrigated in situ to clear any fecaliths and to
ensure an adequately patent lumen. The appendix
is then brought to the cystotomy and the anasto-
mosis is sewn circumferentially with interrupted
4-0 Vicryl sutures using intracorporeal technique.
The detrusor tunnel is then created by placement
of the appendix into the detrusor trough. The
two edges of the detrusor muscle are brought
together over the appendix and imbricated using
interrupted 4-0 Vicryl suture taking care not to
strangulate the appendix or to place too much ten-
sion on the mesenteric vessels. The channel and
the cecum are fixed to the abdominal wall with
3-0 Vicryl sutures to prevent internal herniation.
At the conclusion of the laparoscopic segment
of the case, the proximal cuff of the appendix is
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then brought out through the umbilical port and
matured into a catheterizable stoma.

Results

In our experience with laparoscopic Mitrofanoff
creation without concomitant bladder augmen-
tation, we identified a total of 11 patients with
an average age of 12 years (range 2–18). Six
patients had a VP shunt in place, and no patients
had previous major abdominal surgeries. A con-
comitant laparoscopic c-tube placement was per-
formed in three children. A complete laparo-
scopic procedure was achieved in four patients
(mean operative time 361 min/mean hospital stay
5.5 days). A laparoscopic-assisted procedure was
performed in four patients (mean operative time
242 min/mean hospital stay 5.7 days). An open
conversion was necessary due to peritoneal adhe-
sions or inability to maintain an adequate pneu-
moperitoneum in three patients (mean operative
time 257 min/mean hospital stay 8 days). No
intraoperative complications were identified. In a
mean follow-up time of 18 months, two patients
in the purely laparoscopic group required stoma
revision due to stomal stenosis.

Complications

Laparoscopic enterocystoplasty is a technically
demanding procedure that requires a high level
of laparoscopic skill and an experienced surgi-
cal team. As with any laparoscopic procedure,
there is always the risk of vascular or organ injury
from the Veress needle or trocar insertion, port-
site hernia, and thromboembolic events. At any
point in the procedure, conversion to an open
operation may be required because of both fail-
ure to progress and a complication that cannot
be repaired with laparoscopy. It is also impor-
tant to stress that conversion to open procedure
should be performed if it becomes apparent that
the laparoscopic technique will compromise the
surgical outcome.

With laparoscopic enterocystoplasty, there is a
risk of inadvertent bowel injury during the initial
lysis of adhesions, mobilization of the bowel
segment, and intracorporeal suturing. It is impor-
tant to recognize bowel injury early and to repair
it as soon as it is discovered. This procedure is
routinely performed on spina bifida patients who
have ventriculoperitoneal shunts in place which
also need to be considered during the surgery.
Potential complications which are specific to
the bowel harvest and reanastomosis are ileus,
bowel obstruction, anastomotic stricture, and
peritonitis. Care must be taken to achieve a bowel
anastomosis that is as precise as with the open
procedure. Because there are smaller incisions
and potentially less manipulation of the bowel
during laparoscopy, the post-operative
ileus may be shorter than with the open
procedure.

During the augmentation cystoplasty, if
ureteral catheters are not placed in the beginning
of the case, it is important to identify the ureters
and ensure that they are not inadvertently injured.
During the incision in the bladder, care must
also be taken to avoid accidentally damage
the ureteral orifices. As in open surgery, care
must be taken during intracorporeal suturing of
the bladder and bowel to ensure precise tissue
approximation to avoid leakage from the bladder,
particularly since we do not place a suprapubic
tube unless deemed necessary.

Post-operative complications are the same as
with the open procedure. They include prolonged
ileus, leakage from the bladder, leakage from
the bowel, sepsis, metabolic disarray, wound
infection, catheter blockage from mucus pro-
duction, and ventriculoperitoneal shunt malfunc-
tion. Long-term complications include bladder
stones, urinary tract infections, bladder perfora-
tion, stomal stenosis, inadequate bladder volume,
and metabolic abnormalities.

Post-operative Management

A Foley is left in the Mitrofanoff, accompa-
nied by a urethral catheter. A Penrose drain
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is placed through a port site. Antibiotic cover-
age is also continued post-operatively to protect
from sepsis secondary to bowel spillage. The
main advantages of the laparoscopic approach are
decreased post-operative analgesia requirements
and quicker return to normal levels of activity.
Post-operatively, a nasogastric tube is not left
in place, and clears can be started on POD#1
with diet advancement based on return of bowel
function. The patient can be managed with min-
imal narcotics that can be discontinued earlier
than with the open approach. Due to decreased
pain levels, patients can be moved out of bed
and returned to their pre-operative activity level
sooner.

Critical Surgical Instruments

• Trocars (2–12 mm)
• A 1–5-mm trocar
• A 30◦ laparoscope
• Bowel grasper
• L hook
• Bioplar
• Maryland grasper
• Scissors
• Roticulating GIA
• Suction
• Irrigation (bacitracin solution)
• 5-0 Prolene sutures
• 4-0 Vicryl sutures
• Keith needles
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Chapter 14

Laparoscopic Ureteral Reimplant Surgery to Correct
Reflux Disease

Bekir Aras, Levent Gurkan, Ali Serdar Gözen, Dogu Teber, and Jens Rassweiler

Introduction

Vesicoureteral reflux (VUR) is considered as a
significant factor for the development of urinary
tract infection, progressive renal damage or
scarring, and end-stage renal failure [1]. Mild
cases of VUR are likely to resolve spontaneously,
but high-grade VUR may require surgical cor-
rection. Open ureteral reimplantation surgery has
been extremely successful, with success rates of
95–98% in children [2]. However, open surgi-
cal repair involves in-splitting of the abdominal
wall, forced retraction of the bladder and long
postoperative need for indwelling catheter caus-
ing pain, bladder spasms, and longer hospital
stay [3–5]. Laparoscopy is proposed to overcome
these advantages of the traditional open surgery
in the treatment of VUR, reflecting the advance
in other fields of urologic surgery. Despite ini-
tial description in 1994, standard laparoscopic
ureteral reconstructive surgery has lagged behind
because of its complexity and requirement of
advanced laparoscopic skills [6].

Historical Evolution

Minimally invasive ureterovesical reimplantation
techniques have evolved over time. Following
initial attempts described in pig models [7],
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laparoscopic extravesical reimplantation akin to
the Lich–Gregoir technique was reported in 1994
[8, 9]. Early reports of this transperitoneal tech-
nique were met with some skepticism. After per-
forming this procedure in six children, Janetschek
and colleagues concluded that it was not a fea-
sible approach. They described intraperitoneal
dissection as too time consuming and without
real advantage over open procedure [10]. Later
reports have cited modifications to make it an
appealing option in the hands of a skilled laparo-
scopist.

In 1995, Okamura et al. described first
transvesical technique for the correction of VUR.
Due to the difficulty in suturing laparoscopically
in a small space, initial intravesical procedures
utilized a modification of the Gil Vernet trigono-
plasty procedure [11, 12]. The success rates of
these procedures’ preliminary series (62–79%)
did not match those for open surgery, and splitting
of the trigone proved to be a significant problem
1 year postoperatively [5, 11, 13]. With further
modification of this technique by the same group,
namely endoscopic trigonoplasty II, in which a
reliable muscular backing and elongation of the
intramural ureter were made, success rate of 86%
was achieved [14].

Open transvesical approach with high success
rates was first transcribed to laparoscopy by Gill
et al. in 2001 [15]. In 2005, Yeung presented
a series of patients undergoing cross-trigonal
ureteral reimplantation using carbon dioxide
pneumovesicum with success rates (96%) nearly
identical to standard open repair [3]. Further
studies focusing on vesicoscopic reimplantation
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for both primary reflux and megaureter repair
demonstrated decreased pain in patients
undergoing a vesicoscopic approach com-
pared to open surgical Cohen repair with similar
success rates [5, 16–18].

Starting in year 2005, robotic-assisted laparo-
scopic techniques using the da Vinci (Intuitive
Surgical, Mountain View, CA) Surgical System
for the treatment of VUR were reported, adding
yet another approach to this rapidly expand-
ing field of minimal invasive treatment options
[19, 20]. They made good use of the experience
gained with conventional laparoscopy, adding
potential advantages of robotics: enhanced dex-
terity of the instruments, absence of tremor, and
3D vision. The evolution parallels the one seen
in conventional laparoscopy, experience reported
with the extravesical as well as intravesical
approach [3, 21].

Surgical Techniques for
Laparoscopic Treatment of VUR

Patient and Surgeon Position

The patient is positioned in Trendelenburg posi-
tion, legs spread apart, and the arms tucked in at
the side. The abdomen, pelvis, and perineum are
prepared from the xiphoid process to midthigh.
Adhesive drapes are used to isolate the anorec-
tal region from the operative field. A standard
laparoscopy drape covers the abdomen, slit down
the middle inferiorly to allow perineal access
[22]. Careful positioning and padding of the legs
is needed to prevent nerve palsy. A right-handed
surgeon stands on the left side of the patients
to perform surgery. The assistant stands on the
right side. Two video columns are placed over the
patient’s legs at both sides.

Extravesical Procedure

Trocar Placement

Using the Hasson technique, a small inci-
sion is made in the infraumbilical fold and

a pneumoperitoneumis created. In standard
three-port setting, first trocar is placed infraum-
bilically and two further trocars are placed along
a Pfannenstiel incision outline, in case an open
conversion is required [2]. If an additional trocar
is needed, it is placed on midline at the level of
anterior–superior iliac spine, forming an arc with
the two other trocars placed on either lateral edge
of rectus muscle. All ports are 5 mm except for
the 3-mm inferior midline port. A telescope is
introduced through the supraumbilical port.

Ureterovesical Junction Exposure

The peritoneal reflection is incised and the pos-
terior bladder visualized. In female patients, the
initial dissection is made in the peritoneal fold
between the bladder and the uterus. The ureter
is identified as it crosses through the uterine and
vaginal vessels lateral to the uterus and cervix and
then takes a course medially to reach the trigone
anterior to the vagina. In males, the ureter can be
identified as it crosses posterior to the vas defer-
ens [23]. A peritoneal window is created, and the
ureter is freed from adjacent connective tissue.
The ureter is elevated inferior to the vas defer-
ens using a large Babcock forceps or an umbilical
tape [2].

Detrusor Tunnel Dissection

Meticulous dissection of the posterior bladder
wall is advised and a hitch stitch through the
posterior wall can be used to improve exposure
and stabilize bladder. The detrusor muscle is
incised without puncturing the bladder mucosa. A
full-thickness detrusor trough is created such that
the mucosa bulges out [22] (Fig. 14.1). Newly
created detrusor tunnel should course slightly lat-
erally to avoid kinking of the ureter. In most
cases, a 3-cm tunnel is adequate to obtain a 5:1
ratio of length to width [2].

Tunnel Suturing

The ureter is placed in the new tunnel, and the
detrusor muscle is approximated with interrupted
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Fig. 14.1 Dissection of the submucosal tunnel and
mucosal bulging

4-0 synthetic absorbable sutures in 0.5 cm inter-
vals. The last detrusor stitch is placed sufficiently
far from the ureter to avoid kinking or strangulat-
ing the ureter (Fig. 14.2).

Fig. 14.2 Detrusor tunnel is closed over ureter

After the surgery is complete, instruments and
trocars are removed under endoscopic vision and
the trocar sites are checked for bleeding and vis-
ceral injury. The fascial defects of 5-mm ports
and skin of each port are closed with absorbable
sutures. Bladder catheters are retained for
12–24 h, until 4–6 h prior to the expected time
of discharge from the hospital. Satisfactory blad-
der emptying is confirmed by ultrasonographic
bladder scans before discharge [22].

Intravesical Procedures

Trocar Placement

Cystoscopy is performed at the beginning of the
operation to assess the location of the ureteral
orifice and guide trocar placement. A ureteral
catheter might be placed at this time to help
laparoscopic dissection. Under direct view, two
5-mm balloon tip ports are inserted suprapubi-
cally into the completely distended bladder 1 fin-
gerbreadth superior to the symphysis pubis with
one each on either side of the midline. Attaching
the two ports to continuous wall suction could
potentially diminish fluid escape to extravesical
space during the procedure. An additional tro-
car for telescope is described on the bladder
dome in the original publishing of vesicoscopic
cross-trigonal ureteroneocystostomy.

Techniques

Laparoscopic Extraperitoneal Trigonoplasty
This technique is the first vesicoscopic procedure
that was an adaptation of Gil Vernet trigonoplasty
to laparoscopy introduced by Okamura et al. in
1995 [11]. This Japanese group further improved
this technique, renaming it as trigonoplasty II in
1999. They proposed U-shaped incisions around
the ureteral orifice to create a more significant
flap of ureter and bladder muscle to avoid trigo-
nal splitting and improve long-term success rates
[14]. This group preferred to fill the bladder with
carbon dioxide to improve visibility. As the nar-
row space seems to be the most important techni-
cal problem during these procedures, Simforoosh
et al. [24] introduced pure extraperitoneal access
and bladder splitting to enlarge working space in
2007. Standard trigonoplasty II as proposed by
Okamura et al. consists of the following steps.

Creating Ureteral Flaps A ureteral catheter is
placed and sutured to orifice for easier manipu-
lation. The bladder mucosa just distal to ureteral
orifice and detrusor muscle along each side of
the ureter is incised using a resectoscope, and
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a 2–3-cm flap including the ureter is created.
The mucosa distal to original ureteral orifice is
resected to advance the ureter.

Creation of the Muscular Bed and Fixation
of the Ureteral Flap Pneumobladder is created
using carbon dioxide insufflation. The incised
detrusor muscle and ureteral hiatus are reap-
proximated using 3-0 synthetic absorbable inter-
rupted sutures to create muscular bed. Ureteral
flap is laid on the muscular bed, advanced dis-
tally, and anchored using interrupted 3-0 syn-
thetic absorbable sutures. Ureteral catheters are
removed and abdominal trocar sides are closed
primarily. A Foley catheter is left indwelling for 7
days and ultrasonographical follow-up for upper
urinary tract dilatation is performed within 1–4
weeks.

Vesicoscopic Cross-trigonal Ureteroneo-
cystostomy Gill and colleagues introduced this
technique of laparoscopic transvesical cross-
trigonal Cohen antireflux ureteroneocystostomy
in 2001 [15].

Dissection of the Ureter and Creation of the
Submucosal Bed Intramural ureter is circumfer-
entially detached from the full-thickness blad-
der wall. The extravesical pelvic extraperitoneal
fatty tissues are gently dissected bluntly off the
ureter by the Collins knife, mobilizing 2–3 cm of
extravesical ureter into the bladder. Using supra-
pubically inserted 5-mm laparoscopic grasping
forceps and electrosurgical scissors, the bladder
mucosa is elevated on either side of the previ-
ously scored marking to create a submucosal bed
for the subsequent ureteral tunnel.

Anchoring of the Ureter Multiple 3-0 absorbable
synthetic sutures are used to anchor the
neoureteral orifice to the detrusor at the apex of
the cross-trigonal submucosal bed. The posterior
cystotomy at the original ureteral hiatus is nar-
rowed with a stitch as necessary. The previously
created mucosal flaps are then reapproximated
over the ureter with 3–4 interrupted 4-0 or 5-0
synthetic absorbable sutures stitched to construct
the submucosal tunnel [15]. Indwelling catheter

is removed after 24–48 h and all patients are fol-
lowed up with ultrasound and voiding cystogram
at 3 months postoperatively.

Megaureter

Trocar Placement

For extracorporeal tailoring, the camera port is
placed along the lower lip of the umbilicus
in the midline, and further two trocars (5 and
10 mm) for working instruments are placed in
the midclavicular lines on either side. Usually
an additional trocar for traction is required dur-
ing intracorporeal tailoring. This trocar is placed
in anterior axillary line for right ureter and in
midline midway between umbilicus and pubic
symphysis for left side.

Extracorporeal Tailoring Technique

The colon is reflected medially to expose the
retroperitoneal course of the ureter. The ureter is
dissected circumferentially down to the bladder
and divided close to the bladder. To obtain addi-
tional length, it is slightly dissected upward and
subsequently the free ureteral end is taken out of
the abdomen through the ipsilateral 5-mm port.
The lower end is tailored over an 8-Fr catheter.
After a 6-Fr double-J stent is placed, the entire
assembly is placed back in the abdomen.

Intracorporeal Tailoring Technique

The ureter is left attached to the bladder dur-
ing the dissection and a vessel loop encircling
the ureter is used for traction. This approach
allows the surgeon to work in a fix anatomic
orientation and provides him a firm platform
for additional excisional tailoring and resutur-
ing. Excisional tailoring is performed using cold
scissor and ureterotomy is closed using 4-0 syn-
thetic absorbable sutures. After completing the
tailoring, the ureterovesical junction is divided
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and 4.8-Fr double-J stent is placed through the
laparoscopic ports.

Ureteral Reimplantation

Ureteral reimplantation is performed on the
lateral wall of the bladder using suprahiatal
extravesical method. Seromuscular cystotomy is
performed on distended bladder followed by
suburothelial undermining of detrusor to pro-
vide enough space for housing of the implanted
ureter. Approximately 5-mm disk of urothe-
lium is excised at the distal end of cystotomy.
Subsequently, ureter is reimplanted using inter-
rupted 4-0 synthetic absorbable sutures; distal-
most suture traverse full thickness of the blad-
der wall. Detrusor is closed over the implanted
ureter for a length of 4–5 cm using 3-0 synthetic
absorbable sutures [25].

Urinary catheter and DJ catheter are removed
during first and fourth week following surgery,
respectively. Voiding cystogram and diuretic
renogram are performed 4 weeks after removal
of stent to look for residual VUR or ureteral
obstruction [25].

Robotic-Assisted Ureteroneocystostomy

Patient Position

The patient is placed supine on the table, with the
legs apart. The table is kept flat without flexion.
Urinary catheter is placed and the bladder is dis-
tended with saline. Robotic-assisted correction of
VUR can be performed extravesically as well as
intravesically.

Port Placement for Extraperitoneal Intravesical
Technique

Securing the ports to the bladder wall is criti-
cal to efficient performance. The initial midline
port, located at the dome of the bladder, is for
the camera using a 12-mm Versa Step sheath and
cannula. Two additional 8-mm robotic cannulas

are then placed halfway between the umbilicus
and the pubis. Purse-string sutures are placed as
with the first port and used to close the bladder
punctures at completion. Once the robotic work-
ing ports are positioned in the bladder, the saline
is evacuated by insufflating with CO2 at a pres-
sure of 8–10 mmHg. The robotic device is moved
to the foot of the bed, and the arms are engaged.

Port Placement for Transperitoneal Extravesical
Technique

Cystoscopy is performed prior to docking and
colored ureteral catheters are placed to ease
robotic-assisted dissection. An umbilical trocar
is placed for robotic camera and two additional
ports for working arms are placed each lateral to
rectus muscle at the level of the anterosuperior
iliac spine.

Surgical Technique

The surgical technique reported in the only two
literatures available does not differ from laparo-
scopic technique.

Outcomes and Discussion

Extravesical Techniques

Initial attempts at laparoscopic correction of
reflux were made in children using a modi-
fied Lich–Gregoir reimplant technique transperi-
toneally. In 1994, Ehrlich et al. [8] reported
on two patients with successful outcomes after
laparoscopic extravesical reimplantation. The fol-
lowing year, Janetschek et al. reported outcomes
in six children, one of whom required postoper-
ative ureteral stenting for 6 weeks. The authors
felt that the procedure was complex and unwieldy
and offered no significant advantage compared to
open surgery [10]. Despite this, others have pur-
sued the extravesical laparoscopic reimplantation



180 B. Aras et al.

in children. Lakshmanan and Fung published on
their experience of 71 extravesical reimplants in
47 children (23 unilateral and 24 bilateral). They
reported 100% success rate with mean follow-up
of 34 months. They experienced three ureteral
injuries which they relate to excessive ureteral
handling. Although one case was managed con-
servatively by placing a DJ catheter, two further
cases required open reimplantation [22]. In 2006,
Riquelme et al. [26] reported series of 17 patients
with 94.7% success rate and three children requir-
ing catheterization for 3–4 days for mucosal
perforation.

In 2004 Shu et al. published excellent out-
comes (100%) in postpubertal female with mean
operative time of 105 min. They documented
minimal postoperative morbidity during a mean
follow-up period of 11.4 months [23]. One of the
patients experienced persistent abdominal pain
without known reason. Another patient experi-
enced symptoms suggesting an ureteral obstruc-
tion which responded to ureteral catheterization
and resolved over the next 24 h.

There are limited reports of robotic ureteral
reimplantations being performed in children [19].
Casale et al. [20] reported a series of 41 chil-
dren with a mean age of 33 months treated with
bilateral robotic extravesical reimplantation. All
children voided well after catheter removal on
the first day following operation. No patient had
retention as documented by ultrasonic bladder
scanning. Reflux was cured in 97% and no ureters
were obstructed.

Intravesical Techniques

The first results on intravesical trigonoplasty
were published by Okamura et al. in 1995.
They reported outcomes in 12 adult patients with
low- and moderate-grade vesicoureteral reflux
with a 100% reflux correction rate and 178 min
mean surgical time. No major complications were
noted and the most common minor complication
observed was trocar displacement and subsequent
pneumoperitoneum [11].

On the other hand, preliminary results pub-
lished by Cartwright et al. 1 year later on the

same technique pointed to a reflux-resolving
rate of 62.5%. Operative time ranged between
60 and 240 min and complications included a
vesicovaginal fistula hyponatremia and perivesi-
cal fluid collection. They concluded that the tech-
nique needed to be further modified to achieve
acceptable success rates [12].

In 1999, the Japanese group published their
long-term follow-up on 36 patients (51 renal
units), 15 of whom were children. Their resolu-
tion rates at 1–3 months were 96 and 70%, which
had decreased to 74 and 59% at 12 months for
adults and children, respectively. The problem
seemed to be trigonal splitting [27].

Further modifications on their procedure,
namely trigonoplasty II, improved reflux resolu-
tion rates to 86% at 1 year follow-up; however,
Japanese group’s conclusion was that their tech-
nique could not be recommended, as their success
rate was lower than other laparoscopic techniques
for the treatment of VUR [14]. However 1 year
after this conclusion was made, Simforoosh et al.
reported their results on this technique on 41
refluxing units with a mean follow-up of 8.2
moths. With a mean operative time of 147 min
and blood loss of less than 50 ml, they achieved a
success rate of 93% [24].

In 2001, Gill et al. first described laparoscopic
cross-trigonal ureteral reimplantation using two
working ports and cystoscopic guidance and pub-
lished their initial experience on three patients.
They reported operative time between 2.5 and
4.5 h with minimal blood loss. Reflux resolved
in two patients, whereas it downgraded from
grade IV to grade II in the other patients [15].
Yeung et al. reported their initial experience with
pneumovesical approach in 16 children with 23
refluxing ureters in 2005. They reported a mean
operative time of 136 min with a success rate of
96%. In three cases, they experienced dislocation
of trocar, of which two could be managed laparo-
scopically, whereas the third case needed to be
converted to open surgery. Both of the laparo-
scopically managed cases experienced scrotal
and suprapubic emphysema that resolved spon-
taneously over the next 24 h. There were also two
cases of persistent mild hematuria for more than
72 h which ceased spontaneously [3].
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Thakre et al. reported their operative
success rate of 97.5% for laparoscopic Cohen
performed in 60 children. Similar to results
reported by Yeung et al., this group also did not
experience any major complication and the most
common problem was trocar displacement [4].

Canon et al. reported on their series of 52
consecutive children undergoing vesicoscopic
ureteral reimplantation. Postoperative VUR res-
olution rate was 91% with a mean operative
time of 199 min. Average length of hospital
stay was 2 days and less oral and intravenous
analgesia was needed postoperatively compared
to open surgery. The only major complica-
tion they experienced was a child who experi-
enced acute renal failure due to bilateral ureteral
obstruction. This case was primarily treated with
bilateral nephrostomies and required an open
reimplantation afterward [17].

Kutikov et al. reported on their experience
with a total of 32 patients undergoing laparo-
scopic transvesical reimplantation. Five of the
patients had primary obstructing megaureters
and 27 had vesicoureteral reflux. Transvesical
laparoscopic cross-trigonal ureteral reimplanta-
tion was performed in patients with reflux, and
a Glenn–Anderson reimplantation was used in
patients with a primary obstructing megaureter.
The operative success rates were 92.6 and 80%
for vesicoureteral reflux and primary obstructing
megaureter cases, respectively. Complications
included a postoperative urinary leak in four
patients (12.5%) and ureteral stricture at the
neoureterovesical anastomosis in two patients
(6.3%). The authors experienced higher compli-
cation rate in patients 2 years or younger with
bladder capacity less than 130 cm3 [16].

In 2009, Kawauchi et al. compared their
outcome and complications between adult and
pediatric cases. The median operating time was
145 min in the unilateral cases and 230 min in
the bilateral cases with a success rate of 96%.
No intraoperative complications were observed.
They encountered one persistent reflux and one
ureterovesical stricture. The operation time was
similar between pediatric and adult patients and
one operative failure was observed in each
group [28].

Peters et al. performed robotic-assisted
transtrigonal reimplantation operation in six
children aged 5–15 years old with no open
conversions. The hospital stay ranged from 2 to
4 days. One girl had a urine leak postoperatively
secondary to inadequate port-site closure. One
patient had persisting low-grade reflux at the
early period. There has been no evidence of
obstruction [19].

Outcomes published in major English litera-
ture is summarized in Table 14.1.

Conclusion

Laparoscopic urologic reconstructive surgery in
correction of vesicoureteral reflux has lagged
behind as it is a technically very demanding
surgery to be performed within a very small
space. However, with advances in both techni-
cal and equipment aspects, laparoscopic recon-
structive surgery is becoming more feasible and
routinely performed in daily urological practice.
However, standardization of these techniques is
still needed to encourage standard urological
surgeon performing these procedures more fre-
quently. It is our opinion that robotic-assisted
surgery will also have an increasingly important
role in the treatment of pediatric population in the
future.

Critical Operative Steps

Extravesical Reimplantation

1. The ureter can be identified by shearing the
lateral peritoneal fold below the common iliac
artery.

2. Care should be taken to avoid injury to the
ovaries in women and vas in men when freeing
the ureter.

3. Care should be taken to identify the pelvic
plexus, avoiding injury while ureteral mobi-
lization at the hiatus.
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4. Detrusor tunnel should course slightly later-
ally to avoid kinking of the ureter. The tunnel
should obtain a 5:1 ratio of length to width.

5. An optional traction suture placed just beyond
the end of the detrusor tunnel would facilitate
subsequent bladder manipulations.

6. No angulation or torsion on the ureter is
mandatory.

7. The continuous detrusorrhaphy suture should
avoid ureteral obstruction, and the wall of the
ureter should tightly cling to the bladder so
that there remains no gap or tension.

Intravesical Reimplantation

Transtrigonal

1. Optic trocar at the dome and working tro-
cars at lateral walls of the bladder should be
securely attached to the bladder wall.

2. Circumferential incision of the ureteral ori-
fice and blunt dissection of the periureteral
tissue.

3. Creation of submucosal tunnel.
4. Tension-free anastomosis of the ureter at the

apex of submucosal tunnel.
5. Closure of the bladder trocar sites.

Trigonoplasty

1. Creating the U-shaped flap around the ureteral
orifices.

2. Creation of the muscular bed and closure of
the native ureteral orifice.

3. Advancing and anchoring of the U-shaped flap
including ureter at the midline.

Critical Instruments and Supplies

Extravesical Technique

• Hasson trocar (5 mm)
• Working ports (3 mm, 1×)
• Working port (5 mm, 2×)

• Reducer seal (3–5 mm)
• 0◦ laparoscope (5 mm)
• Curved scissors (3 mm), insulated, with rotat-

able shaft
• Tapered curved jaw dissectors (3 mm, 2×)
• Babcock forceps (5 mm)
• Allis grasper (3 mm)
• Needle driver (3–5 mm)
• Bipolar and monopolar cable used with special

endodissector

Intravesical Technique

• 5 mm in 30◦ laparoscope
• Instruments (3 mm): hook, grasper, dissector,

needle holder
• Trocars (5 mm) for the laparoscope
• Balloon tip trocar (5 mm)
• Bipolar and monopolar cable used with special

endodissector

Robotic Surgery

• da Vinci R© Surgical System (Intuitive
Surgical, Sunnyvale, CA)

• 0◦ telescope (12 mm; Intuitive Surgical)
• Hook cautery (Intuitive Surgical)
• DeBakey forceps (Intuitive Surgical)
• Round-tip scissors (Intuitive Surgical)
• Fine-point needle driver (Intuitive Surgical)
• VersaStep R© (12 mm) radially expanding can-

nula (US Surgical, Norwalk, CT)
• InStep R© (5–10 mm) radially expanding

sheath (2×) (US Surgical)
• Laparoscopic grasper (5 mm)
• Micro forceps (Intuitive Surgical)
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Chapter 15

Robotic Ureteral Reimplant Surgery to Correct Reflux
Disease

Craig A. Peters and Ryan P. Smith

This chapter contains a video segment which can be found at the
URL: http://www.springerimages.com/ost

Introduction

Atala et al. initially described the laparoscopic
approach for the correction of vesicoureteral
reflux over a decade ago in animals [1]. The
technique was subsequently modified by sev-
eral other investigators in porcine models [2–4].
Ehrlich and colleagues were the first to introduce
this technique in children [5]. Over time, various
technical refinements have been described, thus
establishing laparoscopic ureteral reimplantation
as an alternative to open repair. Utilization of con-
ventional laparoscopic reimplantation has been
limited, however, due to the technical difficulty
inherent in this approach. Parental preference
for minimally invasive techniques has only bur-
geoned interest in the endoscopic, laparoscopic,
and robotic correction of vesicoureteral reflux
[6–8].

Robotic-assisted laparoscopic surgery in urol-
ogy emerged after an initial report by Partin
et al. in 1995 [9]. The robot has facilitated
the acquisition of laparoscopic skills for the
open surgeon. The goal of robotic assistance
is to diminish the learning curve of traditional
laparoscopy, while attaining the reconstructive

C.A. Peters (�)
Division of Pediatric Urology, University of Virginia
Children’s Hospital, Charlottesville, VA 22908, USA
e-mail: cap9b@virginia.edu

precision of open surgery and the reduced pain
and morbidity of laparoscopy [10]. Pediatric
uses have been adopted slowly but seek to
gain the advantages of laparoscopy including
reduced incision size, morbidity, postoperative
pain, and length of stay. The core advan-
tages of the robotic system are high-resolution
three-dimensional vision, tremor-filtered instru-
ment control with movement scaling, and wrist-
like articulation, all of which are limited in
traditional laparoscopy [11]. Primary deter-
rents for the robotic approach have included
increased cost, lack of tactile feedback and lack
of pediatric sized ports and instruments [10,
12]. Some early applications in pediatric urol-
ogy have included robotic-assisted dismembered
pyeloplasty, appendicovesicostomy, extravesical
and intravesical bilateral ureteral reimplanta-
tion and more recently, partial nephrectomy
[13–19].

The demonstration of successful intravesical
and extravesical laparoscopic ureteral reimplan-
tation allowed for implementation of the robotic
approach to ureteral reimplantation [11, 13, 16].
This chapter will focus on the general princi-
ples and techniques associated with the intrav-
esical and extravesical approaches to pediatric
robotic-assisted antireflux surgery. Results, com-
plications, and potential advancements of this
technique in the pediatric population will also be
discussed.

185M.C. Ost (ed.), Robotic and Laparoscopic Reconstructive Surgery in Children and Adults,
Current Clinical Urology, DOI 10.1007/978-1-60327-914-7_15, © Springer Science+Business Media, LLC 2011
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Background

Indications for Intervention

Indications for extravesical or intravesical robotic
reimplantation are identical to the laparoscopic
and open approaches including breakthrough
infections, progressive renal scarring, and per-
sistent reflux despite watchful waiting. Bilateral
reflux has traditionally favored an intravesical
approach as the potential for transient post-
operative urinary retention is reportedly higher
with bilateral extravesical reimplantation [20].
Lakshmanan and Fung [21], however, found a
diminished risk with the laparoscopic approach.
Despite these findings, several authors’ experi-
ence suggests that the same risk remains and
therefore an intravesical approach which uses
the transtrigonal or Cohen technique has been
explored [11, 13, 16, 22]. Extravesical reimplan-
tation is primarily indicated when confronting
unilateral reflux and maintains a role in bilateral
reflux with the caveat that transient retention is a
risk.

Patient Selection

Patient selection is identical to that of the
laparoscopic approach with surgeon experience
playing a significant role. Conditions which
may impose significant technical difficulty for
a robotic approach in children include obesity,
extensive prior abdominal or pelvic surgery, and
pelvic fibrosis [23]. These relative contraindi-
cations require careful risk–benefit analysis and
discussion of operative risk with the patient and
their family.

Anesthetic Risk and Pediatric
Laparoscopy

Associated risks of anesthesia also play a role
in patient selection for laparoscopic procedures.
The risks associated with laparoscopy result from

the physiologic effects created by pneumoperi-
toneum. Careful screening should be applied to
those with restrictive airway disease and car-
diac insufficiency [24]. Intraabdominal pressure
is significantly elevated and the insufflation of
carbon dioxide results in its absorption across
the peritoneum. The reduced lung volumes cre-
ated by pneumoperitoneum more significantly
impact children, as compared to adults. This is
inherent in a child’s decreased pulmonary reserve
and low functional reserve capacity. However,
the hypercarbia resultant from carbon dioxide
absorption is generally well tolerated in chil-
dren [25, 26]. Cardiovascular function is simi-
larly altered by pneumoperitoneum resulting in
decreased venous return and cardiac output. This
is generally without consequence in children with
normal cardiac function [25, 27]. For most blad-
der procedures, steep Trendelenburg position is
needed, putting increased pressure on the thorax.
Increased abdominal pressure is also associated
with reduced intraoperative urine output. This
effect is transient and has not been shown to result
in any permanent renal injury [28–30].

Patient Preparation and Setup

Bowel preparation is initiated 24 h prior to
surgery and consists of a clear liquid diet and a
glycerin suppository the evening before surgery.
A rectal tube may additionally be placed after
the induction of general anesthesia to aid in
decompression of the rectosigmoid colon. The
bladder catheter is introduced on the sterile
field. The experience of the operative room team
and their familiarity with the robotic equipment
are paramount in ensuring safe positioning for
robotic surgery. The anesthesia team should be
aware of the constraints of positioning in robotic-
assisted cases as the accessible space can be lim-
ited and the robotic arms require a large degree of
clearance.

For both the transvesical and extravesical
approaches, the patient is placed in the supine
position with feet at the end of the bed (Fig. 15.1).
The robot is brought in from the patient’s feet.
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Fig. 15.1 For both reimplant approaches the patient is
placed supine. All adjustments in positioning are made
prior to docking of the robot

All aspects of the robotic system should be
turned on and evaluated prior to initiation of
surgery. The extravesical approach requires
placing the patient in Trendelenburg’s position.
No flexion of the table is necessary. All table
adjustments and patient positioning should be
completed prior to engagement and docking of
the robot [11, 13, 31].

Port Placement and Selection
of Instruments

The basic principles of laparoscopic port place-
ment apply to both the transvesical and extrav-
esical approaches. Ports should be placed sym-
metrically in relationship to the operative site. If
the arms are not symmetric, there will be lim-
ited range of movement or interference with the
camera arm. Careful placement is essential in
children where working space is limited. The
authors prefer a box-stitch modification of the
Hasson technique for trocar insertion [32]. This
technique assures direct visual placement of the
trocar, fastening of the trocar to the abdominal
wall, and ease of closure. The central port is typ-
ically placed at the umbilicus and is reserved for
the 30◦, 12-mm camera. Care should be taken to
ensure that the camera is aligned with the central
axis of the robot. Insertion of the additional work-
ing ports is performed under direct visualization

after insertion of the 12-mm camera port. The lat-
eral, 5-mm working ports are placed equidistant
along a line that is perpendicular to the central
camera axis and at an appropriate distance to the
operative site. This is at the level of the umbilicus
in children over 3 years of age and slightly above
the umbilicus in younger ages. In children, these
working ports are either 5 or 8 mm.

The da Vinci Robot System (Intuitive
Surgical, Sunnyvale, Ca) has both 8- and 5-mm
working instruments. For bladder applications,
the DeBakey forceps or the 5-mm Maryland
dissector are all-purpose instruments for tissue
manipulation, dissection, and control. The hook
cautery is a versatile instrument, facilitating
hemostasis and dissection. The 5-mm curved
scissors are not electrified, while the 8-mm
curved scissors are electrified. The 8-mm needle
drivers are useful for suturing and come in two
types: large and fine. The large needle driver can
handle sutures of 4-0 and above. Neither needle
driver is suitable for tissue manipulation. The
5-mm needle drivers are useful for sutures from
3-O to 6-O. These are more effective in tissue
manipulation but require more room to move into
a right angle, which may limit movement in the
confined space of a pediatric abdomen [11, 31].

Specifics of the Robotic Approach

General Principles

Atala and colleagues’ description of the laparo-
scopic correction of vesicoureteral reflux was a
modification of the Lich–Gregoir technique in a
porcine model [1]. Ehrlich and others, using this
technique in humans, were able to demonstrate
the safety and efficacy of this approach [5,
33, 34]. Early reports of laparoscopic repair
of reflux focused on the extravesical approach
with good results. A difficult learning curve was
evident in several early series. Open extravesical
ureteroneocystostomy has been associated with
decreased incidence of postoperative hematuria
and bladder spasm [35, 36]. The extravesical
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technique, however, has the potential disadvan-
tage of postoperative voiding dysfunction as
well as the inherent complications of a transperi-
toneal approach. The open Cohen, cross-trigonal
reimplantation is well established and has been
associated with reflux resolution rates above
97% [37]. Concerted efforts were subsequently
applied to replicate this approach laparoscop-
ically. In 2001, Gill and colleagues outlined a
novel technique of laparoscopic cross-trigonal
Cohen ureteroneocystostomy for reflux [38].
This approach offers the potential efficiency
and durability of the open transtrigonal repair
without the risk of urinary retention associated
with bilateral extravesical repair.

Cartwright and Okamura [39, 40], indepen-
dently in 1996, published reports of endoscopic
trigonoplasty for the correction of vesicoureteral
reflux. Okamura et al. in their initial report
had resolution in all 11 refluxing units in a
3–12-month timeframe. Cartwright and Snow
performed percutaneous endoscopic trigono-
plasty with a success rate of 62.5%. Long-term
outcomes with patients observed up to 37 months
were published in 1999. Patients who under-
went Gil-Vernet trigonoplasty had dropped to a
resolution rate of 47%, while those who under-
went a Cohen cross-trigonal technique exhib-
ited reflux resolution of 83% with a trend
toward longer operative times [41]. Simforoosh
[42] et al. described an extraperitoneal laparo-
scopic trigonoplasty in 2007 with resolution rates
approaching 93% over 4–19 months of follow-up.
None of these laparoscopic techniques have been
applied broadly due to the technical challenges
of the procedure and the uncertainty of outcomes
in light of the minimal morbidity and high reflux
resolution rates of open repair.

The potential of robotic-assisted laparoscopic
surgery lies in enhanced visualization and instru-
ment control. These advantages over the tradi-
tional laparoscopic technique have the potential
to permit broader application of the robotic-
assisted transvesical and extravesical correction
of reflux. Both techniques have been applied
robotically, thus offering a more technically
facile approach to surgeons without extensive
laparoscopic training [11]. The initial report

of robotic-assisted pneumovesical ureteral reim-
plantation was performed in a porcine model by
Olsen in 2003 [16]. Robotic-assisted intravesical
and extravesical reimplantation were described
in the pediatric population shortly thereafter
[11, 13].

Extravesical Ureteral Reimplantation

Positioning and Port Placement

The patient is placed supine and then moved into
Trendelenburg’s position. Access for the robotic-
assisted extravesical approach is transperitoneal
using a Lich–Gregoir technique [43]. Port place-
ment is as shown in Fig. 15.2. Prior to trocar
placement, fascial sutures are placed in a box-
stitch fashion [32]. This assists in fascial closure
following the procedure as well as secur-
ing the ports to the abdominal wall. The
12-mm camera port is positioned infraumbili-
cally using the described Bailez technique [44].

Fig. 15.2 Port-site placement for robotic extravesical
ureteral reimplantation. The camera port is at the umbili-
cus with the working ports placed equidistant just below
the level of the umbilicus
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Pneumoperitoneum is established with carbon
dioxide insufflation to a pressure of 12 mmHg.
The additional 5- or 8-mm working ports are then
placed laterally below the level of the umbilicus
and under direct visualization. Fascial sutures are
also used here. Once satisfactory access is gained,
the robot is engaged and docked with the camera
axis centrally aligned.

Description of Robotic-Assisted
Extravesical Technique

The operation begins with identification of the
obliterated umbilical artery, which is then fol-
lowed into the pelvis. The ureter can be found
passing inferiorly and medially to the obliterated
umbilical artery. Incising the anterior peritoneum
exposes the ureter. In boys, the vas deferens
should be spared by sweeping it superiorly with
the peritoneum. In girls, the peritoneal incision
is made between the bladder and the uterus
and the ureter is identified by blunt dissection
along the posterior wall. Using careful dissection,
the ureter is then mobilized for approximately
4–5 cm to the level of the ureterovesical junction
(Fig. 15.3). While it has been reported that the
bladder nerves presumed to be at risk of injury
can be seen and avoided, this author has not
been able to discern them. Staying as close to

Fig. 15.3 Extravesical ureteral mobilization. The ureter
is mobilized from 4 to 5 cm to the level of ureterovesical
junction with care to stay as close as possible to the ureter
(marked with arrow)

the ureter as possible is likely the best means to
limit the risk of retention. Excessive mobilization
should be avoided which risks devascularization.
A hitch stitch using Vicryl suture may be placed
to draw the bladder toward the contralateral side
and enhance visualization. This may be passed
through the abdominal wall and out again or in
older children sutured within the pelvis. The pos-
terior bladder wall is then cleared and the bladder
is partially filled. A 2.5–3-cm detrusor incision is
made down to the level of the mucosa. The detru-
sor muscle is then peeled away from the mucosa
laterally to create the muscle flaps which will
be used to wrap the ureter in its detrusor tunnel
(Fig. 15.4).

Fig. 15.4 Creation of the detrusor flaps following inci-
sion of the muscularis of the bladder. The mucosa and
detrusor edges are visible with the ureteral hiatus at the
base of the tunnel

A Y-shaped mobilization is then carried out at
the level of the ureteral hiatus. Dissection should
be adjacent to the ureter and noncircumferen-
tial with care to avoid extending the dissection
dorsomedially [45]. The detrusor flaps are then
wrapped along the mobilized ureter and reap-
proximated using interrupted 4-O Polydioxanone
or Vicryl suture. By closing distal to proxi-
mal, one has clearer visualization of all struc-
tures; however, needle passage is subureteric for
each suture (Fig. 15.5). Closing from top down
or proximal to distal approximates the detrusor
edges, but the first suture must be tied under
tension. Following creation of the tunnel, the
peritoneum is closed with a loose running stitch.
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Fig. 15.5 Closure of the detrusor tunnel with interrupted,
absorbable sutures. Note subureteric passage of the suture

The working ports are removed and the previ-
ously placed box-stitch fascial sutures are closed
under direct visualization. The camera port is
closed in similar fashion. The subcutaneous layer
is reapproximated with a 4-O Vicryl and the skin
is closed with a 5-O Monocryl in a subcuticu-
lar fashion. In bilateral cases, a bladder catheter
is left postoperatively, but in unilateral repairs, a
catheter is not routinely left in place [11, 13, 31].

Results

The author’s initial results with robotic-assisted
extravesical reimplantation for reflux were
reported in 2004. Twenty-four children under-
went extravesical reimplantation with ages
ranging from 4.6 to 140 months. Mean age was
6.5 years. Nineteen patients were female and five
were male with a range of reflux grades II–IV.
Twenty-one patients had a unilateral reimplant,
while the three remaining children had bilateral
reimplants. Four of these cases were associated
with contralateral nephrectomy. Operative times
for unilateral implantation approached 2 h with
an additional 1.5 h for bilateral procedures.
At the time of initial publication, patients had
been followed for a mean of 5.7 months in the
unilateral group and 8.7 months in the bilateral
group.

Reflux was persistent in three patients; how-
ever, reflux was reduced to grade I or II in two of
these patients and the third patient had unchanged
grade II reflux. Complications included voiding
dysfunction in two patients, one of whom had
a bilateral reimplantation. Two children, includ-
ing one patient with postoperative voiding dys-
function, had a bladder leak which responded
to prolonged drainage. One child who under-
went contralateral nephrectomy at the time of
extravesical reimplantation developed postopera-
tive hydronephrosis and a rising creatinine neces-
sitating ureteral stent placement. One month after
stent removal, the patient had a normal creati-
nine with no residual reflux or hydronephrosis.
The author has since recommended ureteral stent
placement in patients with solitary kidneys under-
going unilateral laparoscopic reimplantation pro-
cedures [11, 31].

The author’s reflux cessation rate based on
this series was 87%. This falls below the success
rates quoted in the literature for open extravesical
reimplantation. When further age-matched anal-
ysis was performed comparing the author’s open
and robotic extravesical reflux cessation rates,
there was no statistically significant difference
noted. Further series will be required to see if
the quoted success rate is low due to the learning
curve associated with adopting new technology.
Larger series will be required to continue to
compare success rates in both open and robotic
extravesical reimplantation [31]. As in open
series, obtaining adequate tunnel length, muscu-
lar backing, and tissue quality are paramount for
performance.

Casale and colleagues published a series of
41 patients who underwent robotic extraves-
ical reimplantation for bilateral vesicoureteral
reflux in 2008. Reflux was grade III in eight
patients and five patients each had grade IV
and grade V reflux, respectively. Twenty-three
patients had mixed grade (III–V) with or with-
out duplication anomalies. The outcomes were
reviewed retrospectively in attempt to determine
whether the extravesical approach diminished the
incidence of postoperative voiding dysfunction.
The hypothesis being that the enhanced visual-
ization afforded by robotic assistance provides
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better visualization and sparing of the pelvic
plexus. Postoperative VCUG was performed in
all patients with a reflux resolution rate of 97.6%,
which approaches that of open extravesical reim-
plantation (92.5–98%) [46]. The patient who
failed robotic reimplantation in this series under-
went dextranomer/hyaluronic acid injection with
subsequent resolution of reflux demonstrated
3 months later on VCUG [47].

Mean operative time was 2.33 h including
cystoscopy and placement of ureteral catheters.
The ureteral catheters were secured to the ure-
thral catheter. By the author’s report, operative
time decreased significantly after the first five
cases. Average length of stay was 26.1 h. All
patients had their urethral and ureteral catheters
removed on postoperative day 1 followed by
a post-void residual. All 41 patients voided
spontaneously with a mean residual of 13 ml.
No episodes of retention were noted and post-
operative uroflow assessments were unchanged
from preoperative results. The authors reported
that they no longer routinely perform postopera-
tive VCUG and patients are followed clinically.
VCUG is used only if pyelonephritis were to
develop which mirrors the approach after open
ureteroneocystostomy. All patients underwent 3-
and 6-month ultrasounds which were reportedly
normal in all cases [47]. Lendvay additionally
described an initial series of 16 patients who
underwent extravesical robotic reimplantation.
They reported three VCUG-documented failures
of reflux resolution or only downgrading of reflux
and one case of de novo contralateral reflux. All
complications arose in patients with preexisting
voiding dysfunction [48].

Evaluation of the robotic approach to extrav-
esical reimplantation continues. As with any
new technology, its use must hold up to the
gold standard, in this case, open cross-trigonal
reimplantation. As operative times decrease and
familiarity with the technology improves, fur-
ther comparative studies will be required to
assure that adequate tunnel length and resolu-
tion of reflux can be achieved with the robotic
extravesical approach. The success rates and
operative times published by the authors above
are an early indication of the promise of this

new technology; however, larger robotic-assisted
series are required to more soundly evaluate this
promise and assess its impact as a minimally
invasive technique. At this early phase of explo-
ration, a postoperative VCUG should continue
to be routine. In an era where open extravesical
reimplantation can be performed as an outpa-
tient procedure, we must assess whether this new
technology has the potential to advance current
practice [49].

Intravesical Ureteral Reimplantation

Positioning and Port Placement

The robotic-assisted intravesical reimplant is per-
formed using a transvesical approach with a
cross-trigonal Cohen technique. The patient is
placed supine on the table with the legs apart and
the feet at the end of the bed. Prior to trocar inser-
tion, a urethral catheter is inserted and the bladder
is filled with saline. The catheter may also be
used to evacuate blood and urine which may dis-
rupt visualization during the procedure. Suction
may be intermittently applied to the catheter to
facilitate drainage.

Bladder distention also aids in the placement
of the working ports which are placed equidistant
at the palpable, lateral bladder edge (Fig. 15.6).
A 12-mm vertical incision is made overlying
the palpable bladder dome and blunt dissection
is carried down to the space of Retzius. A
3-O Vicryl suture is placed in box-stitch fashion
which lifts the bladder dome into the incision. A
small cystotomy is made and the trocar is then
placed through the box stitch, entering the blad-
der. This stitch again aids in elevation of the
bladder wall throughout the procedure and in clo-
sure of the cystotomy. Securing the ports to the
bladder wall is paramount in ensuring efficient
performance. One should avoid making too large
a cystotomy which may result in leakage of insuf-
flated carbon dioxide and fluid during the proce-
dure. The camera is subsequently introduced and
the bladder inspected [13, 31].
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Fig. 15.6 Port-site placement for robotic intravesical
ureteral reimplantation as seen 3 months following the
procedure. The camera port is below the umbilicus at the
dome of the bladder as detected on palpation. The working
ports are placed at the palpable bladder edge after saline
distension

The working ports are subsequently placed
symmetrically halfway between the umbilicus
and the pubis along the lateral, palpable blad-
der edge. A box stitch is again used to facilitate
closure of the bladder punctures at completion.
Obtaining an adequate seal around each port site
avoids leakage and retroperitoneal insufflation.
Yeung et al. [50] described a technique of pass-
ing sutures via two angiocatheters, one of which
contains a loop snare, thus enabling a purse-string
suture in patients with a large volume of subcuta-
neous fat. Following trocar placement, insuffla-
tion of carbon dioxide is initiated to a pressure
of 8–10 mmHg to displace the saline. The author
has found that withholding insufflation until all
port sites have been placed is more effective than
placing the working ports after insufflation. The
intravesical pressure is higher with saline present,
thus preventing bladder collapse when external
pressure is applied during port placement. During
instrument changes, pneumovesical pressure may
fall and cause the field to contract. The traction
sutures placed in the bladder wall at the skin level
will minimize this complication. The retroperi-
toneum may also become insufflated during peri-
ureteral dissection and compress the operative
field. Following insufflation, the ports are then
secured and the robot is docked at the foot of
the bed.

Description of Robotic-Assisted
Intravesical Technique

After docking the robot and engaging the arms,
a 6-cm segment of a 5-Fr feeding tube and an
8 cm length of 4-O Vicryl suture are passed into
the bladder using the 5-mm laparoscopic grasper.
The Maryland dissector and fine needle holders
are used to manipulate the feeding tube into each
ureteral meatus. The tube is then secured with
a 4-O Vicryl suture. This facilitates dissection
in enabling the operator to place traction on the
ureter. Mobilization of the ureters follows that
of the traditional transtrigonal, open technique;
however, assessment of adequate mobilization
relies heavily on visual inspection as opposed
to tactile feedback (Fig. 15.7). The mucosa is
incised circumferentially leaving a cuff of
mucosa, which is reapproximated with the vesic-
ular mucosa after tunnel creation.

Fig. 15.7 Intravesical ureteral mobilization.
Mobilization follows that of the open Cohen tech-
nique. Adequate mobilization relies heavily on visual
inspection

Mobilization of both ureteral orifices should
occur prior to submucosal tunnel creation.

Each ureteral hiatus is reduced using 4-O
Vicryl suture. The submucosal tunnels are then
created via sharp dissection with the scissors.
The dissection is carried from the original hia-
tus to the contralateral portion of the trigone.
The right angle articulation of the robotic instru-
ment greatly facilitates this maneuver (Fig. 15.8).



15 Robotic Ureteral Reimplant Surgery to Correct Reflux Disease 193

Fig. 15.8 Creation of submucosal ureteral tunnels.
Dissection is carried out from the original ureteral hiatus
to the contralateral portion of the trigone. Note the feed-
ing tube within the ureteral orifice to aid in manipulation
of the ureter

A small incision is then made in the vesical
mucosa, thus creating a new mucosal open-
ing. The lower ureter may exit the submu-
cosal tunnel at the original ureteral hiatus of
the contralateral ureter. The ureters are brought
through the newly created tunnels using the
5-Fr feeding tube previously sewn in place. The
feeding tubes are then removed as each ureter
is secured to the previously created vesicular
mucosal cuff. Three anchoring, 4-O Monocryl
sutures re-approximate each ureter to the under-
lying detrusor and mucosa. The remainder of
the ureteral cuff is closed with 5-O Monocryl
(Fig. 15.9). Ureteral patency is tested by inser-
tion of a 5-Fr feeding tube into the lumen. The
remaining mucosal defects at the ureteral hiatus
are closed with 5-O Monocryl.

The bladder is then irrigated and hemostasis
is assessed. The balloon of the bladder catheter
is inflated and left in position. The working
ports are removed, thus evacuating the pneu-
movesicum. The pre-placed box-stitch sutures
are then tied down under direct visualization to
ensure closure of the bladder wall. The suture
ends should not be cut until satisfactory closure
of the port sites is assured. This permits the port
site to be lifted into the incision and if necessary,
a second suture may be placed in a figure-of-eight
fashion for more secure closure. The camera port
is closed in a similar fashion. Each fascial defect

Fig. 15.9 Anastomosis of the ureter to the newly created
hiatus. Three anchoring 4-O Monocryl sutures secure the
ureter to the mucosa and underlying detrusor. The remain-
der of the cuff and mucosal defect are sutured with 5-O
Monocryl

is then closed in the standard fashion. The subcu-
taneous layer is reapproximated with a 4-O Vicryl
and the skin is closed with a 5-O Monocryl in
subcuticular fashion. The urethral catheter is left
in place for 24 h [13, 31].

Results

The traditional laparoscopic approach to intraves-
ical reimplantation has been described as one of
the most difficult laparoscopic operations in pedi-
atric urology. Yeung et al. reported a novel tech-
nique of endoscopic cross-trigonal ureteral reim-
plantation using carbon dioxide pneumovesicum
in 2005. Ten boys and six girls with primary
reflux ranging in age from 10 months to 13 years
underwent endoscopic, cross-trigonal uretero-
neocystostomy. Preoperatively, there were eight
grade V, ten grade IV, four grade III, and one
grade II refluxing ureters. Grade III or milder
refluxing ureters were reimplanted only when
concomitant grade IV or grade V reflux was
present on the contralateral side. Complete res-
olution of reflux was documented in 96% of chil-
dren. The patient who failed to resolve was down-
graded from grade V to grade I reflux. Reported
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complications included extravesical port dis-
placement in three patients requiring open con-
version in two and transient scrotal and suprapu-
bic emphysema in two patients. Mean operatives
times approached 136 min with a steep learning
curve. Hospital stays ranged from 1 to 4 days with
no narcotic use reported postoperatively [50].

Kutikov and colleagues reported an ini-
tial experience of 27 patients with varying
degrees of reflux who underwent pure laparo-
scopic transvesical reimplantation in 2006. They
reported a success rate of 92.6% with patients
aged from 14 months to 11 years. Complications
included two urinary leaks from the camera port
sites, two patients with persistent reflux, and
one ureteral stricture in a tapered ureter. These
complications primarily arose in patients with
small bladder capacities. In their conclusion,
they comment on the potential benefit of using
robotic actuators to assist in tissue manipula-
tion and suturing in these tight spaces [51].
Valla and Cannon have independently had sim-
ilar success rates of 92 and 91%, respectively,
in children undergoing laparoscopic intravesical
ureteral reimplantation [52, 53]. Both authors,
however, comment on the technical demands and
steep learning curve in this approach.

Peters and Woo reported an initial series of
six children who underwent intravesical, cross-
trigonal ureteral reimplantation with robotic
assistance in 2005. These cases were performed
without the need for open conversion. Patient’s
ages ranged from 5 to 15 years old. Length of
stay ranged from 2 to 4 days. One girl developed a
urine leak postoperative secondary to inadequate
port-site closure. This resolved with catheteriza-
tion for 1 week. Of the patients who underwent
postoperative VCUG testing, only one boy had
persistent low-grade reflux. At 6 months, his
VCUG showed reflux downgraded from grade III
to grade II. No evidence of obstruction was found
postoperatively [13].

As originally alluded to by Kutikov and col-
leagues, the robotic approach to intravesical reim-
plantation affords a more facile development
of the submucosal tunnel due to the articula-
tion capabilities of the robot. In addition, it has
the potential to create longer tunnel length and

muscular backing, which approach that of the
open technique. The intravesical technique may
also be expanded to other realms of pediatric
urology. The author has used a similar approach
to perform a ureterocele excision and common
sheath reimplantation. The intravesical robotic
approach continues to evolve and has the poten-
tial for wide applicability.

Summary

The correction of vesicoureteral reflux in chil-
dren by the open, Cohen, cross-trigonal tech-
nique remains the gold standard. The high reflux
resolution rates, low postoperative pain, short
length of stay, and cosmetic closure make the
advantages of minimally invasive approaches dif-
ficult to establish [54–56]. The popularity of min-
imally invasive approaches to antireflux surgery,
however, is reinforced by parental preference.
The appeal of technology to the public and medi-
cal community, combined with the advantages of
enhanced visualization and instrument control for
surgeons, will continue to increase the demand
for practitioners to acquire these techniques.
Early series show promising reflux resolution
rates approaching those of the open technique
and a diminished learning curve from traditional
laparoscopy. Further prospective series compar-
ing open and robotic antireflux surgeries will
be required to elucidate the potential benefits of
smaller incisions, minimal blood loss, diminished
postoperative pain, shorter hospital stays, and
rapid recovery afforded to the robotic approach.
With this evolving technology, we can expect
smaller working instruments and improved tools
for delicate tissue handling. As robotic usage
becomes more widespread, we should also see
the cost-prohibitive nature of this new technology
improve. Robotic assistance also brings the pos-
sibility of remote surgery, thus providing patients
with equal access to an experienced surgeon [57,
58]. In summary, the initial results of robotic
antireflux surgery are promising and warrant fur-
ther investigation.
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Critical Instruments and Supplies:
Robotic Intravesical and Extravesical
Reimplantation

• da Vinci R© Surgical System (Intuitive
Surgical, Sunnyvale, CA) [13]

• A 12-mm 0◦ telescope (Intuitive Surgical)
• Hook cautery 5 or 8 mm (Intuitive Surgical)
• Maryland 5 or 8 mm (bipolar) (Intuitive

Surgical)
• Curved scissors 5 or 8 mm (monopolar)

(Intuitive Surgical)
• Needle driver (5 mm; Intuitive Surgical)
• Ethicon 12 mm × 100 mm XCEL trocar

(Ethicon)
• da Vinci trocar (5 mm) (2) (Intuitive Surgical)
• Laparoscopic grasper for needle transfer

(5 mm)
• Urethral catheter

Critical Operative Steps: Extravesical
Reimplantation

• Camera port insertion with Bailez technique
(12 mm) [11]

• Working port insertion (5 mm)
• Docking of robot
• Mobilization of ureter
• Bladder hitch-stitch placement for improved

visualization (optional)
• Bladder filling and incision of detrusor
• Creation of detrusor muscle flaps
• Y-shaped mobilization of ureteral hiatus
• Wrapping of detrusor flaps
• Reapproximation of detrusor flaps

Critical Operative Steps: Intravesical
Reimplantation

• Urethral catheter placement with saline instal-
lation [13]

• Vertical cystotomy (12 mm) with placement of
camera port

• Working port (5 mm) placement (2)
• Docking of robot with saline evacuation and

insufflation
• Intubation of both ureters with 6-cm 5-Fr feed-

ing tubes
• Mobilization of ureters
• Tunneling of ureteral hiatus
• Creation of transtrigonal tunnels
• Anastomosis of ureteral meatus
• Port-site closure
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Chapter 16

Laparoscopic and Robotic Orchiopexy
for the Impalpable Undescended Testicle

Ahmad Z. Mohamed, Regina Norris, and Francis X. Schneck

This chapter contains a video segment which can be found at the
URL: http://www.springerimages.com/ost

Laparoscopic Orchiopexy

Introduction

Approximately 1% of males are diagnosed with
cryptorchidism [1]. In the majority of cases the
undescended testicle is palpable. However, as
many as 20% of cryptorchid patients will have a
non-palpable testis [2]. In these cases, the testis
might be absent, intra-abdominal, or within the
inguinal canal (canalicular). Prior to the advent
of laparoscopic exploration for the non-palpable
testicle in 1976, management of the undescended
testicle consisted of an inguinal exploration with
extension into the peritoneum [3]. The testicle
was either absent (vanishing), removed, posi-
tioned scrotally, or in the worst case scenario, not
located by the surgeon.

Preoperative Assessment

At the initial evaluation of the patient, a history
of palpable gonads, hypospadias, and previous
genital surgery including inguinal herniorrhaphy
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should be elicited. A careful physical exam (non-
threatening in a warm environment with warm
lubricant on the groin) is crucial to identify a sub-
tle, but palpable, testicle. Contralateral testicular
size should be documented to assess for com-
pensatory hypertrophy [4]. Bilateral non-palpable
testicles represent a distinct subgroup that is dis-
cussed later.

Diagnostic Workup

Any diagnostic test for the non-palpable tes-
ticle must reliably determine the presence
or the absence of gonadal tissue and local-
ize it if present. Radiologic testing, includ-
ing inguinal/abdominal ultrasound, MRI/MRA,
herniography, venography, and arteriography, has
been shown to have limited value in detection
or localization of non-palpable testicles [5–7].
Radiographic imaging studies may be useful in
certain clinical circumstances, especially in the
obese child. Examination under anesthesia at the
time of exploration is generally more cost effec-
tive and sensitive [8]. Hormonal therapy to pro-
mote testicular descent is rarely therapeutic and
not cost effective [9, 10]. This therapy has not
been shown to compliment either open or laparo-
scopic orchiopexy. While the value of this therapy
may be increasing the number and maturation
of germ cells, evidence supporting preservation
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of fertility is lacking [11, 12]. Surgery, open or
laparoscopic, has been the only modality proven
to accurately diagnose, localize, and concurrently
treat the non-palpable testicle [8, 13, 14].

Timing of Surgery

At birth, the undescended testicle has been shown
to have normal histology. Although this may con-
tinue into the first year of life, delayed germ cell
development has been described by 6–8 months
of age. These histologic changes are progressive
with both light and electron microscopies, and
consistent with deterioration of the germ cell pop-
ulation detectable by 18 months [15]. Histology
correlates with testicular position, with worse
features seen in higher testicles. Spontaneous tes-
ticular descent has been noted as late as 4–6
months of age. Therefore, in order to allow ade-
quate time for a testis to descend spontaneously
while minimizing the risk for irreversible devel-
opmental damage, the generally accepted rec-
ommendation is to perform orchiopexy at 6–12
months of age. Early orchiopexy has been shown
to have a positive impact on testicular growth
[16] and adult Leydig function [17] support-
ing these recommendations. Decisions regarding
orchiopexy after 2 years of age are based on
the risks/benefits of the testicle to the individual.
In prepubertal children, the usefulness of andro-
gen production must be considered especially in
cases of a solitary testicle. In postpubertal males
with a persistently undescended testis, sperms are
rarely noted [18] and the testes are at risk for
malignant change, leading some authors to rec-
ommend orchiectomy in all healthy, postpubertal
cryptorchid males [19].

Open Surgical Management
of the Non-palpable Testicle

The principles of abdominal exploration and
orchiopexy including identification of testicu-
lar tissue, mobilization of the spermatic cord,

repair of the associated hernia, and adequate
scrotal fixation without tension have essentially
remained the same since originally described by
Bevan in 1899 [20]. Predominantly employed
techniques for the intra-abdominal testis prior to
the advent of diagnostic laparoscopy included
the transabdominal approach, extended inguinal
orchiopexy (Jones technique) [21], Fowler–
Stephens orchiopexy, staged Fowler–Stephens
orchiopexy [22, 23], and testicular autotransplan-
tation [24]. Successful orchiopexy is related to
the preoperative testicular position and loosely
defined as satisfactory scrotal position with lack
of atrophy. The need for impeccable technique
to protect the vasculature to the testicle while
obtaining sufficient cord length is indisputable.
The early assumption that orchiopexy is a largely
successful operation and failures are few and
far between was likely due to the more com-
mon practice of inguinal orchiopexy for the distal
undescended testicle. In a meta-analysis of open
orchiopexy techniques, Docimo [25] reported
success rates by type of procedure (inguinal
89%; Fowler–Stephens 67%; staged Fowler–
Stephens 77%; transabdominal 81%; two-stage
73%; microvascular 84%) and concluded that
the high failure rates left significant room for
improvement.

Laparoscopic Management
of the Non-palpable Testicle

Diagnostic Laparoscopy

The principle goal of diagnostic laparoscopy is
to determine the presence of a non-palpable testi-
cle. Intraoperatively, the position and mobility of
the testicle, its paratesticular structures including
the epididymis and vas deferens, and its vascular
supply are assessed to determine if the testi-
cle is amenable to orchiopexy or best served by
removal. The indications/goals of diagnostic and
therapeutic laparoscopy are identical to the goals
of open surgical management, i.e., to preserve
potential fertility, identify and relocate the tes-
ticle to the scrotum for easier examination, and
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ablate the associated inguinal hernia. Historically,
laparotomy was performed to localize an intra-
abdominal testis or diagnose blind-ending ves-
sels if cord vessels were not observed on ini-
tial inguinal exploration. This was most often
accomplished with a high inguinal (i.e., Jones
incision) or Pfannenstiel incision. It is now
standard practice at most centers to proceed with
diagnostic laparoscopy when the testicle is non-
palpable.

Initially described by Cortesi et al. [26] in
1976, diagnostic laparoscopy has become the
gold standard for the evaluation of the non-
palpable testicle. In six early series [27–32],
laparoscopy identified 42 testicles in 86 patients
after prior negative open exploration. Recent
studies report that blind-ending cord structures or
an intra-abdominal testis is found during laparo-
scopic evaluation of non-palpable testis between
31 and 83% of the time [30, 33–38]. Barqawi
et al. [30] reviewed 27 patients who had under-
gone previous inguinal exploration and identified
a viable canalicular or intra-abdominal testicle in
67%. Cisek et al. [8] reported that laparoscopic
findings precluded unnecessary abdominal explo-
ration in 13% of cases and that the typical surgi-
cal incision for inguinal exploration would have
left the surgeon compromised in 66% of the cases
compared to the approach optimized as a result
of laparoscopic testicular localization. In many of
these patients, diagnostic laparoscopy can elim-
inate the need for further open exploration or
facilitate open or laparoscopic orchiopexy.

Alternative strategies in the evaluation of
the non-palpable testicle have been described.
To reduce the number of unnecessary intra-
abdominal laparoscopic procedures, Kanemoto
et al. [39] suggested initial inguinal exploration
followed by trans-inguinal laparoscopy. In 22
patients with a hypertrophied unilateral palpable
testicle, Belman et al. [40] reported that scrotal
exploration prior to laparoscopic evaluation iden-
tified an atrophic testicular remnant in 91% of
patients. Schleef et al. [41] described a technique
in which they proceeded first with laparoscopic
evaluation of the inguinal canal to avoid unnec-
essary open exploration. The decision to proceed
with an inguinal or a laparoscopic abdominal

exploration first depends on the surgeon’s cer-
tainty on physical exam and is still currently a
source for debate. However, the evidence clearly
suggests that if an initial open inguinal explo-
ration is inconclusive, laparoscopic exploration
should be the next step in the diagnosis and
treatment of the non-palpable testicle. Our
current protocol is to perform examination under
anesthesia. If any tissue suggestive of a scro-
tal nubbin is felt, then open scrotal exploration
is performed. If this exam is negative or incon-
clusive, only then do we perform laparoscopic
exploration.

Laparoscopic Orchiopexy

Laparoscopic techniques have been applied to the
therapy of intra-abdominal testes as an extension
of diagnosis. The impetus for development of
these techniques has been the difficulty of achiev-
ing successful open orchiopexy for the high unde-
scended testicle [25]. There have been many
technical descriptions of laparoscopic orchiopexy
with success rates reported ranging from 63 to
97% [31, 42]. Initial laparoscopic orchiopexy
series, although viewed as promising, were crit-
icized for originating from high-volume centers
with increased laparoscopic experience and low
patient numbers [43–50]. To address this issue,
in a large multi-institutional analysis, Baker et al.
[31] reported excellent success rates superior to
those of historical open orchiopexy and no signif-
icant difference in success or complication rates
between low- and high-volume centers.

Parents or guardians are made aware of the
approximate 8–25% risk of testicular atrophy
associated with performing an orchiopexy regard-
less of operative technique [25]. Orchiopexy on
the intra-abdominal testicle may carry the high-
est risk for failure (25%). Recent long-term data,
however, suggest that atrophy rates following
laparoscopic orchiopexy can be as low as 7%
at 6 years follow-up irrespective of whether or
not a staged Fowler–Stephens approach is uti-
lized (Table 16.1) [31, 36, 51, 52]. The goal of
laparoscopic orchiopexy is to adequately mobi-
lize the testicular vessels and vas deferens to
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Table 16.1 Laparoscopic orchiopexy

Study N
Mean operative
time (min)

Testicular atrophy
(%)

Unsatisfactory scrotal
position

Baker et al. [31] 310 124 2a

22b

10c

1a

7b

2c

Radmayr et al. [36] 57 49a

38/53c (by
stage)

0a

7c
n/a

Samadi et al. [51] 197 n/a 0a

7c
9a

0c

El-Anany et al. [52] 93 n/a 0a

4c
3a

3.5c

aPrimary laparoscopic
bOne-stage Fowler–Stephens
cTwo-stage Fowler–Stephens

enable relocation of the testicle to the orthotopic
scrotal position. Ultimate “success” of laparo-
scopic orchiopexy will therefore be measured
by maintenance of the testicle in proper scro-
tal position without evidence of atrophy. Equally
important is avoiding the associated complica-
tions inherent to this laparoscopic procedure. In
light of this, it is critical to know the different
steps that will maximize successful outcomes.

In the open inguinal approach, the canal
from the internal ring to the scrotal inlet is
first explored. If a testicular remnant is found
(hemosiderin deposit or atrophic testicle), it is
removed and the procedure is terminated [53].
If the inguinal exploration is negative, the inci-
sion is extended, the peritoneum is entered,
and exploration for an intra-abdominal testis is
carried out. Open exploration is still a viable
option in managing the non-palpable testis, espe-
cially among urologic surgeons without laparo-
scopic experience. One recent single-surgeon
open orchiopexy series reported success rates of
98–100% for staged Fowler–Stephens and open
primary orchiopexy , respectively [54], although
these success rates are higher than generally
reported. It can be argued that a laparoscopic
approach to the non-palpable testicle can be used
to perform a Fowler–Stephens orchiopexy [55]
with the advantage of less morbidity [56]. Cost,
formerly higher for laparoscopic approaches,
can no longer be used as a bias against initial
laparoscopic exploration when planning to man-
age the non-palpable testicle [57].

The decision to perform a single-stage pro-
cedure leaving the vessels intact or to perform
a staged or non-staged Fowler–Stephens proce-
dure is challenging and no specific set of criteria
has been determined. Baker et al. [31] reported
the incidence of testicular atrophy after laparo-
scopic orchiopexy (2.2%), non-staged Fowler–
Stephens (22%), and staged Fowler–Stephens
(10%). Some centers advocate universal staged
procedures, whereas others are more selective.
Intraoperatively measuring the distance between
the testis and the internal ring, observation of
the cord anatomy, or the ability of the intra-
abdominal testicle to reach the opposite inguinal
ring can be helpful [58]. Laparoscopy has also
been used as an adjunct to microvascular testic-
ular autotransplantation [59]. Compared to open
orchiopexy, the early data show that laparoscopic
orchiopexy is a successful approach with low risk
in the management of the non-palpable unde-
scended testicle.

Laparoscopic Technique
for the Non-palpable Testicle

Immediate considerations prior to commenc-
ing with the procedure include re-examination,
patient positioning, and starting an ongoing dia-
logue with the anesthesia team. A difficult intra-
office exam may have yielded a false exam.



16 Laparoscopic and Robotic Orchiopexy for the Impalpable Undescended Testicle 205

Indeed, in approximately 18% of boys, a previ-
ously non-palpable testis will be palpable when
the child is examined under anesthesia [8]. In this
regard, the child should be completely relaxed
anesthetically. In the instance of a unilateral non-
palpable testicle, assessment of the contralateral
testicle may be helpful in determining if indeed
the intrabdominal testicle is present. For example,
a contralateral palpable testicle length exceeding
2 cm and an average volume of >2 cm3 have
been cited as being predictive of monorchia in
over 90% of cases [40, 60], although not reli-
able enough to forego exploration. These findings
may also support the concept of primary scrotal
exploration in the child who has an empty hemis-
crotum and a hypertrophied descended testicle.
If a remnant is not found on scrotal exploration,
laparoscopic exploration should follow.

Anesthesia maintenance with N2O should be
avoided to decrease bowel distention and max-
imize visualization within the abdomen. When
starting with a laparoscopic approach, the arms
are tucked and the legs are slightly spread as one
would for an inguinal orchiopexy. Four-inch tape
can be used to secure the child to the table, plac-
ing it without tension over the chest and legs.
Securing the child to the table permits placement
in the Trendelenburg or rolled position. Draping
to allow access to the entire abdomen is used.
In the sterile field, an appropriately sized Foley
catheter is placed. Figure 16.1 demonstrates our
preferred setup and trocar placement for perform-
ing a laparoscopic orchiopexy.

Blind access for pneumoperitoneum with a
Veress needle or a trocar is not commonly used
in the pediatric population as an overly compli-
ant abdomen may increase the risk of injury to
intra-abdominal structures. It is our preference to
use the Bailez technique for open access [61],
modified to employ the use of a radially dilating
trocar [62]. In our current technique a 2-0 Vicryl
suture is first placed in the umbilicus to pro-
vide continual anterior traction. A 3-mm hidden
infraumbilical incision is made in the skin and
a scissor is then used at an approximate 15–20◦
angle to cut through the umbilical fascia into the
underlying adherent peritoneum. Alternatively,
the rectus fascia and underlying peritoneum may
be entered sharply at 90◦ under direct vision.

Fig. 16.1 Preferred setup for a left single-stage laparo-
scopic orchiopexy. A 5-mm radial dilating trocar is placed
at the umbilicus. Two 3-mm working ports are placed lat-
eral to the rectus muscles just inferior to the umbilicus.
Care is taken to avoid injury to the epigastric vessels.
In the event that either a single-stage or staged Fowler–
Stephens procedure is performed, a 5-mm trocar would be
used on the contralateral side to accommodate a 5-mm clip
applier to ligate the testicular vessels. A 10-mm scrotal
port is placed in the final stage of the case when the mobi-
lized intra-abdominal testicle is delivered into the scrotum

For the umbilical camera port, we utilize
a 5-mm radially dilating trocar to accommo-
date a 5-mm camera with a 0◦ lens [63]. The
child is placed in Trendelenburg position and the
abdomen is insufflated at 1–2 l/min to a pressure
of 10–12 cmH2O. After inspecting the underly-
ing bowel for injury, the pelvis is examined. If
an instrument is needed to aid in the inspection,
only then is a 3-mm port placed on the ipsilat-
eral side lateral to the rectus and just caudal to the
umbilicus. An atraumatic 3-mm instrument may
then be used to sweep bowel cephalad. Placement
of a 5-mm trocar on the contralateral side (lateral
to the rectus and just caudal to the umbilicus) is
reserved for use of a 5-mm clip applier. Clinical
circumstances in which this would be necessary
are if an atrophic nubbin is to be excised and if a
viable testicle is found far from the internal ring
and a staged Fowler–Stephens orchiopexy is to be
performed.

In the case of a unilateral undescended testicle,
the internal ring of the descended testicle is exam-
ined first to gain an appreciation of the anatomy.
Possible findings on inspecting the affected side
of the “non-palpable” testicle may include the
following.
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Blind-Ending Testicular Vessels

The finding of blind-ending gonadal vessels is
evident of a “vanishing” testicle. Intra-abdominal
blind-ending vessels were found in approxi-
mately 10% of boys with non-palpable testes
in one series [8]. This is considered to be a
result of in utero testicular torsion, which is most
likely a scrotal event rather than an abdominal or
inguinal event. Vessels will have a “horse tail”
appearance that diverge, do not exit the internal
ring, and do not supply obvious testicular tissue
(Fig. 16.2). If found during exploration, no fur-
ther investigation is needed and the procedure
is terminated. It has been argued however that
fixation of the contralateral testicle might be con-
sidered at this point to safeguard against testicular
torsion of the solitary testicle. Bellinger [64], for
example, described the presence of a bell-clapper
deformity in 83% of children with a vanishing
testis whose contralateral scrotum was explored.
Clinical torsion of the solitary testis is such a
rarely reported event, however, that the risk of
exposure and fixation of an otherwise healthy
testis may be as significant as the risk of even-
tual torsion. There is no consensus on the need
for contralateral fixation in this situation.

The sole finding of a blind-ending vas dur-
ing laparoscopy is insufficient to conclude the

A

B

Fig. 16.2 Finding blind-ending and divergent testicular
vessels (a) is evidence of a vanishing testicle. The sole
finding of a blind-ending vas (b) is insufficient evidence
to conclude that there is absence of ipsilateral testicular
tissue

absence of testicular tissue; it is assumed that
gonadal disunion has occurred. Further cephalad
inspection toward the aortic origin of the gonadal
vessels is then necessary.

Cord Structures Entering
the Internal Ring

Laparoscopically, cord structures may be visual-
ized entering a closed internal ring or a patent
processus vaginalis (open ring) (Fig. 16.3). In
either scenario, further exploration may be war-
ranted to determine what lies distally along the
line of testicular descent [65]. In the instance
of a closed internal ring, a groin or a scrotal
exploration may be performed (Fig. 16.4). If a
patent processus vaginalis is present, then the
laparoscope may be used to inspect the inguinal
canal antegrade. Alternatively, gentle manual ret-
rograde pressure can be applied over the inguinal
canal in an attempt to manipulate the contents
(viable testicle) intra-abdominally. A single-stage
laparoscopic or open orchiopexy may be car-
ried out when a viable testicle is encountered
(described below). In the instance of a nubbin
or a testicular remnant, laparoscopic orchiec-
tomy is performed. This is accomplished by
either clipping and dividing the cord structures

Fig. 16.3 Laparoscopic view of a left patent processus
vaginalis (hernia) with normal cord structures exiting the
internal rings. Left groin exploration revealed a high viable
intracanalicular testicle. Inguinal orchiopexy with hernia
sac ligation was performed
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Left Right

Fig. 16.4 Bilateral closed processus vaginalis with nor-
mal cord structures exiting the internal rings. This
morbidly obese 8-year-old boy underwent exploratory
laparoscopy for a “non-palpable” left testicle. The find-

ings on diagnostic laparoscopy of cord structures exiting
the left internal ring proceeded to a left groin exploration.
A high viable intracanalicular testicle was found and open
orchiopexy was performed

or using a 5-mm instrument designed to seal and
divide smaller vessels (i.e., Ligasure or Harmonic
Scalpel). The specimen is grasped and removed
from the contralateral 5-mm port.

Intra-abdominal Testis

There are three minimally invasive reconstructive
options to address when encountering a viable
intra-abdominal testicle: (1) primary laparo-
scopic orchiopexy, (2) laparoscopic Fowler–
Stephens orchiopexy, and (3) staged laparo-
scopic Fowler–Stephens orchiopexy. In a multi-
institutional analysis, success rates for these
procedures have been quoted as 97.2, 74.1,
and 87.9%, respectively [31]. Interestingly, these
results show an advantage over the open approach
when outcomes from an earlier study are com-
pared. For example, meta-analysis by Docimo
reported success rates of 81.3, 66.7, and 76.8%
for open primary orchiopexy, Fowler–Stephens
orchidopexy, and staged Fowler–Stephens orchi-
dopexy, respectively [25].

Laparoscopic orchiectomy is reserved for
a non-viable intra-abdominal testicle (atrophic
nubbin) or a testicle that cannot be brought into

the scrotum based on a very long distance from
the scrotum (i.e., pararenal) or an extreme ectopic
location, limiting blood supply length. Older chil-
dren found to have an intra-abdominal testis are
better served with a laparoscopic orchiectomy,
provided the contralateral testicle is normal and
intrascrotal. Although an intra-abdominal testi-
cle may remain hormonally active indefinitely,
spermatogenic potential tends to decline after 18
months.

The initial measured distance of the testi-
cle from the internal ring will determine which
laparoscopic approach should be utilized and is
therefore a predictor of success rates. “Peeping
testes” or those located in close proximity to the
internal ring (<2 cm) can usually be mobilized
into the scrotum in a single stage without dividing
the testicular vessels (Fig. 16.5). It is important
to counsel parents that although an overall 7%
atrophy rate is expected, intra-abdominal ectopic
testicles and those testicles located >2 cm from
the internal ring are at increased risk for surgi-
cal failure. In light of this, if an intra-abdominal
testicle is found at a significant distance from
the internal ring and is thought to be amenable
to a staged Fowler–Stephens orchiopexy, the
testicular vessels are doubly clipped (Fig. 16.6).
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Fig. 16.5 Bilateral intra-abdominal “peeping” testicles
at the internal rings in a 6-month old with non-palpable
gonads. Bilateral single-stage laparoscopic orchiopexies
were performed

A laparoscopic second-stage Fowler–Stephens
orchiopexy should be performed approximately 6
months later when collateral blood flow from the
deferential artery has matured.

In 1991, Bloom [49] reported using lapar-
oscopy to ligate the testicular vessels in the first
stage of a Fowler–Stephens approach. Jordan
[48] further advanced the role of laparoscopy
as a therapeutic modality when he reported the
first laparoscopic orchiopexy in 1992. There
have been many subtle variations described for
performing this procedure. Herein our preferred

laparoscopic technique is described. Figure 16.1
should be referred to as our preferred opera-
tive setup when either a primary laparoscopic
orchiopexy or a second-stage Fowler–Stephens
laparoscopic orchiopexy is performed. Keep in
mind that a 5-mm trocar must be used at the port
site lateral to the rectus (contralateral to operative
site) if a stapler or a vascular sealing device is
going to be used.

Primary Laparoscopic Orchiopexy

Establishing a Peritoneal Pedicle Flap

Following abdominal access, insufflation, and
additional trocar placement as described previ-
ously, attention is focused on the intra-abdominal
testicle and internal ring. Figure 16.7 demon-
strates the surgical “map” needed to mobilize
a triangular flap of peritoneum demarcated by
the testicular vessels laterally and vas deferens
medially. The preliminary goal is to create two
continuous peritoneotomies parallel to the tes-
ticular vessels and vas in order to mobilize the
testicle on a well-vascularized peritoneal pedicle.

The first survey requires evaluation of the
testicle, epididymis, and extent of vasal course
distally into the inguinal canal. It is critical from

Fig. 16.6 A right intra-abdominal testicle in a 9-month-
old boy was found >2 cm from the internal ring. The
testicular vessels were clipped in the first stage of a

staged Fowler–Stephens reconstruction. Note that clips
are applied without dissecting the peritoneal attachments
free from the vessels
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Fig. 16.7 A left intra-abdominal testicle in an 8-month-
old boy at the internal ring. The dark lines represent where
peritoneotomies are made parallel to the testicular vessels
(lateral) and vas deferens (medial) in order to mobilize the
testicle on a vascularized peritoneal pedicle flap. The inset
shows the same landmarks when a non-palpable intra-
canalicular testicle is milked into the abdomen and then
mobilized via laparoscopic orchiopexy

the onset to define the distal attachments and
identify a long-looping vas, if present. A scis-
sors is used in the preliminary dissection. Care
must be taken not to activate cautery in too
close proximity to the vessels and vas. The first
peritoneotomy is made lateral to the testicular

vessels at the most proximal position. The inci-
sion is directed toward the internal ring. Often
after the first incision, pneumoperitoneum will
diffuse into the plane between the peritoneum and
the pelvic side wall. In this regard, CO2 can aid
in isolating the peritoneum to be dissected.

The second line of dissection will begin at the
level of the internal ring distally but will parallel
the vas medially. Care is taken not to injure the
iliac vessels and ureter that lie beneath the vas.
It is also critical that dissection is not performed
within the distal triangular area enclosed by the
gonadal vessels and vas (Fig. 16.8). Critical col-
lateral microvasculature within this flap will flow
from the vasal artery to the testicle and should be
maintained if possible. This is especially relevant
when Fowler–Stephens orchiopexy is performed;
dividing the testicular vessels and interrupting
collateral blood flow will invariably lead to tes-
ticular atrophy [66]. Widely mobilizing the peri-
toneal flap laterally and medially leaves only the
distal gubernacular attachments. A window is
created distally allowing the distal attachments
to be divided while visualizing the course of the
vas deferens. An indication that dissection has
maximized the flap length is that the testicle can

Fig. 16.8 After lateral mobilization, medial dissec-
tion follows the course of the vas deferens (left).
Collateral para-vasal blood supply to the testicle is visu-
alized. Cephalad traction following release of the distal

gubernacular attachments (right) demonstrated the extent
of the peritoneal flap and clarifies the boundaries where
the neo-inguinal hiatus is to be created between the infe-
rior epigastric vessels and the medial umbilical ligament
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reach the contralateral internal ring without ten-
sion. The ipsilateral ring is not closed since there
is no increased risk for a clinically significant her-
nia to develop. The patent processus is ablated
by the peritoneal incisions, the division of the
distal attachments, and, if necessary, the inci-
sion of the anterior peritoneum. Subsequently,
the peritoneum obliterates the previously patent
tract.

Creating a Neo-inguinal Hiatus and
Testicular Delivery into the Scrotum

Various methods to deliver the testicle into the
scrotum have been described. It is our belief
that the testis may be most safely and effec-
tively delivered to the scrotum using 2- or 3-mm
instruments and a radially dilating trocar sys-
tem [67]. A 1-cm ipsilateral scrotal incision is
first made and a sub-dartos pouch is created. A
2-mm laparoscopic grasper is placed through the
ipsilateral 3-mm lateral trocar directed toward
the scrotal incision. Care is taken to place the
instrument over the pubis and between the medial
umbilical ligament and the inferior epigastric ves-
sels. The surgeon’s free hand should palpate the
pubic area and the scrotal incision to ensure that
the instrument is being guided over the pubis and
through the scrotal incision. After the instrument
is passed through the scrotum, the Foley catheter
is checked for hematuria. A bladder injury, which
is very rare, would most likely occur during
this step of the procedure. Proper placement of
the instrument in the position described above
should minimize this complication from occur-
ring (Fig. 16.9). The step sheath is then passed
onto the end of the 2- or 3-mm instrument ex
vivo and brought through the scrotum. The 5- or
10-mm trocar obturator, depending on the size
of the testicle, is then inserted creating the neo-
inguinal hiatus. A locking grasper is introduced
into the abdomen through the scrotal trocar, the
testicle is grasped at the distal attachments, and
then delivered into the scrotum (Fig. 16.10). It is
imperative for the surgeon to personally monitor
the tension on the cord during scrotal delivery so
that the vessels are not avulsed.

Gaining Additional Cord Length
and Securing the Testicle

Delivering the testicle into the scrotum provides
the traction and assistance of what we have
termed “a third arm.” If there is tension and/or
if additional length is needed, further dissection
can be carried out laterally and cranially toward
the kidney. In most instances, the cord length
will still be inadequate and additional maneu-
vers are required. An option at this point is to
divide the peritoneum overlying the testicular
vessels to provide extra cord length and release
any remaining tension (Fig. 16.11). If incising
the peritoneum has not helped, consideration can
be given to dividing the testicular vessels, there-
fore performing a non-staged Fowler–Stephens
orchiopexy. The contralateral 3-mm port must be
upsized to a 5-mm port in order to accommodate
a clip applier. Consideration must be given to the
higher risk of testicular atrophy prior to perform-
ing a non-staged Fowler–Stephens maneuver.

When the testicle lays tension free in the
scrotum, the orchiopexy can be completed
(Fig. 16.12). The testicle is harnessed in the
dartos pouch and the scrotal skin is closed by
any of the preferred technique(s) utilized by the
surgeon.

Closure and Exiting the Abdomen

The abdomen is surveyed a final time and
the pneumoperitoneum pressure is lowered.
Any occult bleeding should be identified and
addressed. While maintaining pneumoperi-
toneum, the two lateral ports are removed
sequentially and inspected for bleeding. The
fascial layers of these trocar sites are closed
with 2-0 Vicryl sutures through the fascia. The
laparoscopic view is maintained on the port sites
during closure to ensure that it is airtight and
free of any intra-abdominal contents (i.e., bowel
or omentum). Through the umbilical port the
pneumoperitoneum is evacuated. Larger tidal
volumes given by the anesthesiologist and mild
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Fig. 16.9 During delivery of the testicle into the scro-
tum, the bladder edge (arrows) is at increased risk for
perforation. The risk is increased if the neo-inguinal
hiatus is not created anterior to the pubis and lateral
to the medial umbilical ligament. Following delivery of
the testicle medial to the ligament in a right laparo-
scopic orchiopexy, there was concern that the bladder was

perforated (a). Filling the bladder demonstrated no evi-
dence of a leak (b). After delivery of the testicle through a
12-mm scrotal trocar in the final stage of a left laparo-
scopic orchiopexy, there is little concern of a bladder
injury. The neo-hiatus was created in a plane lateral to
the medial umbilical ligament and medial to the epigastric
vessels (c)

abdominal pressure help with the expulsion
of CO2. The umbilical trocar and camera are
removed while inspecting for bleeding. Final
fascial stitches are placed in the umbilical port,
the skin is closed, and dressings are applied.

Second-Stage Fowler–Stephens

As a general rule, the further the intra-abdominal
testicle lies from the internal ring (i.e., > 2 cm),
the higher the likelihood that a staged procedure
is necessary. Staging the procedure will enable
delivery of the testicle into the scrotum with-
out tension at a decreased risk for atrophy. This
may be accomplished laparoscopically by using a

5-mm stapler through the contralateral port. After
6 months, the second stage is performed exactly
as described above with the addition of divid-
ing the previously clipped testicular vessels and
maintaining a “tongue” of peritoneum overlying
the vas deferens and its associated vessels.

Bilateral Non-palpable Testicles
and Laparoscopic Orchiopexy

Bilateral non-palpable testicles in a newborn
should raise the suspicion of an intersex
condition, especially with coincidental genital
ambiguity (i.e., proximal hypospadias). Other
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BA

DC

Fig. 16.10 Delivering the testicle into the scrotum
requires developing a neo-hiatus (a–c) to facilitate pas-
sage of the testicle, epididymis, and cord structures into

the scrotum without resistance. This technique minimizes
the risk of an avulsion injury (d)

A B

Fig. 16.11 Delivering the testicle into the scrotum pro-
vides the traction and assistance of “a third arm.” If there
is tension and/or additional length is needed, further dis-
section can be carried out laterally and cephalad. The

peritoneum overlying the testicular vessels (a) may also
be divided (b) to release tension and provide extra cord
length
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A B

Fig. 16.12 Antegrade view of a left neo-inguinal hiatus
created between the inferior epigastric vessels (a) and the
medial umbilical ligament (b). The testicle is fixed to the
scrotum after maximal length on the cord has been reached
without residual tension

possibilities include bilateral anorchia or bilat-
eral intra-abdominal testicles. It is urgent to
institute a workup to rule out life-threatening
intersex conditions such as congenital adrenal
hyperplasia (CAH). Once an intersex disorder
has been excluded, endocrine studies including
a human chorionic gonadotropin (hCG) stimula-
tion test and/or serum Müllerian inhibitory sub-
stance (MIS) if available will be useful in differ-
entiating anorchia from bilateral cryptorchidism

[68]. Regardless of such laboratory findings,
however, exploratory laparoscopy will be needed
for either a gonadal biopsy, a gonadectomy, or a
orchiopexy (Fig. 16.13).

Laparoscopy in the Management of
High-Palpable Undescended Testicle

In addition to the value of laparoscopy in the
management of non-palpable testicle, several
researchers suggested the use of laparoscopy in
the treatment of the high-palpable testis. This
includes patients diagnosed in the office as well
as those in whom a testicle is only felt when per-
forming examination under anesthesia. Results
were similar to open inguinal orchiopexy with a
complications rate ranging from 0 to 13, 3% [47,
68, 69].

Complications

The number of complications associated with
laparoscopic orchiopexy compares quite favor-
ably to that of an open approach. In a large

A CB

Fig. 16.13 An 8-month-old XY phenotypic male with
bilateral undescended testicles and Müllerian inhibit-
ing substance (MIS) deficiency. MIS hormone level
was 0.1 ng/ml (normal 48–83). Diagnostic laparoscopy
revealed bilateral intra-abdominal testicles (a) with

Müllerian (uterus) and Wolffian (vas) structures inti-
mately associated (b). Left laparoscopic orchiopexy was
performed, aided by releasing the contralateral round
ligament (c)
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multi-institutional review, Baker reported a major
complication rate of 3.0% and a minor compli-
cation rate of 2.0% [31]. Major complications
that have been reported include acute testicular
atrophy, bowel perforation [50], cecal volvulus,
vascular injury [69], bladder perforation [70],
ileus, laceration of the vas [34], testicular vessel
avulsion [71], and wound dehiscence/infection.
In addition, there are the potential complications
that are inherent to any laparoscopic procedure
that are important to recognize (i.e., pneumotho-
rax and trocar site hernia) [72].

The prevention of complications associated
with laparoscopy starts with proper positioning
and padding to reduce the risk of neuromuscu-
lar injuries. Although injuries are less likely to
occur with pelvic laparoscopy, extremes in table
positioning are often necessary. Close attention
to placement of straps and/or tape and ade-
quate padding should limit positioning-related
injuries.

Complications related to access are a com-
mon concern. Indeed, the most frequent iden-
tifiable cause of complications within pediatric
laparoscopy has been the method employed for
abdominal access. The pediatric abdomen is
highly compliant and limited in space. For this
reason, open peritoneal access has been associ-
ated with fewer complications than when a Veress
needle approach is used [69]. As previously men-
tioned, we prefer to gain access using an open
Bailez technique. Regardless of the access tech-
nique used, preperitoneal insufflation may still
occur. This complication can readily be identi-
fied when there is characteristically high opening
pressure at low volumes. Additional sharp dissec-
tion and entry into the peritoneal cavity followed
by repositioning of the trocar is necessary if
this occurs. Prior to placing additional working
ports, areas vulnerable to trocar injuries must be
mapped and noted with the laparoscope. Due to
great abdominal wall compliance, the epigastric
vessels, iliac vessels, and bowel all come into
close proximity to access trajectories. Immediate
inspection of these loci before and after port
placement is mandatory.

Surgical planning and an appreciation for the
anatomical landmarks within the pelvis will aid in

BA

C

B

Fig. 16.14 Pelvic view during a right laparoscopic
orchiopexy. During medial mobilization of the vas def-
erens, the cord structures (arrow) are held cranially and
laterally. Care must be taken not to injure the iliac vein
(a), iliac artery (b), and or ureter (c) that lie immediately
posterior to the mobilized peritoneal flap

avoiding complications. During testicular mobi-
lization, care must be taken to avoid injury to the
vas, testicular, femoral and iliac vessels and the
ureter. When mobilizing the vas on the medial
aspect of the peritoneal flap, these structures lie
directly posterior and medial (Fig. 16.14). In
general, complications can be limited by care-
ful intra-abdominal mobilization, using cautery
in short bursts, and execution of meticulous tech-
nique. The laparoscopic approach helps to facili-
tate this by allowing extensive and high retroperi-
toneal mobilization of the testicular vessels in an
atraumatic manner.

Conclusions

Laparoscopy has evolved from a diagnostic pro-
cedure to a surgical treatment of choice when
managing the intra-abdominal testicle. The type
of procedure used is reflective of the intra-
abdominal anatomy of the testicle, the viability
of the testicle, and its distance from the internal
ring. Success rates for the various laparoscopic
techniques are comparable to or exceed those
reported in open series. Maintaining a mobilized
testicle on a wide peritoneal flap free from ten-
sion is the key to minimizing the risk of testicular
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atrophy. Although there is a learning curve asso-
ciated with this minimally invasive technique, it
is surmountable. Laparoscopy has become the
gold standard technique for diagnosis and recon-
struction of the intra-abdominal testis.
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Laparoscopic Anastomoses and Bladder Neck
Reconstruction Following Radical Prostatectomy
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Introduction

Laparoscopic radical prostatectomy (LRP) and
robotic-assisted laparoscopic radical prostatec-
tomy have gained increasing importance in the
urologic oncology field and have become an
established treatment for localized prostate can-
cer [1–3]. The goals in both open and laparo-
scopic radical prostatectomy are lifelong onco-
logic control of localized prostate carcinoma
while maintaining continence and potency func-
tions with minimization of operative morbid-
ity that contribute to a global quality of life.
Vesicourethral anastomosis is a critical step
during laparoscopic prostatectomy with major
implications for anastomotic leak and ultimately
continence.

However, LRP requires prolonged learning
curves even for experienced laparoscopic sur-
geons. One of the most difficult and time-
consuming steps is the vesicourethral anastomo-
sis [4]. Initial nine cases of transperitoneal radical
prostatectomy were reported by Schuessler and
he defined vesicourethral anastomosis part of the
procedure as requiring the greatest time, taking
twice as long as the removal of the prostate [5].
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One of the major advantages of LRP is its
potential for performance of all sutures under
total visual control. However, knotting of the
sutures is time consuming and contributes to the
prolonged operating time. This critical compo-
nent presents as a barrier to widespread intro-
duction of LRP. However, this technique needs
to be standardized at the very beginning of the
laparoscopic experience in order to improve its
ergonomics and accuracy.

It is obvious to say that anastomosis comes at
the end of the radical prostatectomy and quality
of sutures is affected by surgeon’s fatigue and
anatomy of the patients.

Position of the Patient
and the Surgeon

The patient is put in a deflected supine posi-
tion with his arms by his sides and the adducted
legs. Additionally, a 30◦ Trendelenburg decline
is made, which displaces the bowel cephalad by
gravity. During vesicourethral anastomosis, usu-
ally there is no need to give a special position
rather than rest of the procedure. A rectal balloon
catheter should be deflated before anastomosis if
it is used.

A right-handed surgeon stands on the left side
of the patients to perform surgery. An assistant
who works with suction device stands on the right
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side. The vesicourethral anastomosis is generally
carried out with preferably two needle holders,
eventually with one needle holder in the dominant
surgeon’s hand, assisted by a straight or Maryland
forceps. The choice of the trocars defines the spa-
tial relationship between the needle holders and
hence also has a direct impact on the suturing
technique.

Preparations for the Anastomosis

The optimum preparation of the bladder neck
and the urethral stump is of paramount impor-
tance for cancer control, continence, and even-
tually for achieving an adequate vesicourethral
anastomosis. Complete removal of the prostate
inevitably reduces the significant part of the ure-
thra, depending on the prostate size. So, optimal
preparation of urethral stump and bladder neck
is crucial for the quality of the vesicourethral
anastomosis.

As the dorsal vein complex and striated
sphincter are very closely associated, control of
bleeding from dorsal vein complex affects the
precise division of the urethra and sphincter and
helps in the anastomosis. After the cutting of
dorsal venous complex, urethra is exposed and
usually cut under tension. Therefore sometimes,
urethral stump retracts and cannot be seen clearly
to perform anastomosis. Transurethral insertion
of catheter or metal bougie can be used to expose
urethral stump.

Identification of the exact dissection area
between bladder neck and prostate requires dif-
ferent perceptions because of the lack of manual
palpation. The bladder is covered with prevesi-
cal fat tissue, in contrast to the prostate, which is
covered by endopelvic fascia laterally. The blad-
der neck and prostate are also distinguished from
each other with the help of tactile sensation of
balloon and tissues. Care must be taken while
dividing the bladder neck from prostate to main-
tain clear detrusor margin which helps during
vesicourethral anastomosis. In general, laparo-
scopic prostatectomy does not incorporate with
bladder neck mucosal eversion.

Preparation of bladder neck in patients with
history of TURP can be more difficult because
perforation of the prostatic capsule during TURP
with extravasation of blood and irrigation fluid
can result in periprostatic fibrosis and distortion
of the surgical planes. In a study of our group, the
dissection was described as more difficult in the
TURP group and resulted in a significantly longer
operating time. In particular, the identification of
the anterior bladder neck remains a difficult step
after TURP owing to fibrosis and distortion of the
position of the ureteral orifices [6].

A larger median lobe during laparoscopic rad-
ical prostatectomy presents several challenges for
the surgeon. To remove the median lobe com-
pletely, wide excision of the trigone results in a
larger bladder defect. Therefore there is a risk
of ureteral injury during bladder neck dissection
and risk of ureteral obstruction during anastomo-
sis since the ureteral orifices can be so close to
bladder neck. This would need special precau-
tions during the reconstruction since the ureteral
orifices are closer to the edge of the bladder neck.

On the contrary, bladder neck mucosal evert-
ing sutures may cause additional tension on
anastomosis and may lead to increased tissue
ischemia and fibrosis [7].

Reconstruction of the bladder neck before the
anastomosis is rarely required. If bladder neck
preservation was not possible or not performed
because of surgeon’s preference, the bladder
neck may then be reconstructed with a racquet-
handle technique. Posterior reconstruction may
be required when ureteric orifices are very close
to bladder mucosa. Posterior reconstruction can
be carried out either by interrupted or running
sutures. Bladder neck is reconstructed anteri-
orly rather than posteriorly in LRP. If neces-
sary, after completing anastomosis, the remaining
open bladder neck can be repaired either by inter-
rupted or running sutures. The final appearance is
like a reverse “racquet.”

After preparation of urethral stump and blad-
der neck, before anastomosis, Rocco and cowork-
ers propose to reconstruct the musculofascial
plate by approximating dorsal wall of the rhab-
dosphincter to the residuum of the Denonvilliers’
fascia and to suspend it to the posterior wall of



17 Laparoscopic Anastomoses and Bladder Neck Reconstruction 223

the bladder, 1–2 cm cranially and dorsally to the
new bladder neck. By this technique, anatomical
and functional length of the rhabdosphincter is
restored and firm support for its posterior aspect
is provided by fixing the whole structure in its
natural position [8].

The anastomosis becomes more difficult when
performed under tension, with a higher risk
of tearing the urethra. To reduce the tension,
some maneuver and instruments can be used.
To approximate bladder neck to urethral stump,
a sponge stick can be employed to place the
perineal pressure. This maneuver also helps to
expose the urethral stump more clearly. Garrett
and colleagues [9] described the use of Lowsley
tractor to reduce the tension on urethra while
performing vesicourethral anastomosis. Lowsley
tractor is passed through the urethral stump and
a single traction stitch is placed in posterior blad-
der neck. Traction stitch is then grasped with the
wings of Lowsley and retracted into the urethra
during first three anastomotic sutures.

Modified Vest suture for reduction of tension
can also be used. A straight needle with nylon
thread is inserted into the pubic cavity from the
perineal region, anchored in the bladder neck, and
an exit is made from the perineal region again.
The bladder neck was towed by the nylon thread
extracorporeally, bringing the bladder neck close
to the urethra [10].

Two main techniques and the modifications
of them were defined in the literature to per-
form vesicourethral anastomosis: the interrupted
sutures defined by Montsouris group [11] and
running sutures defined by Creteil group [12].

Interrupted Suture Technique

This technique was described by Guillonneau
and Vallancien [11] after a continuous cohort
of 260 patients operated in 23 months. Authors
stated that it is not necessary to evert the blad-
der mucosa or to narrow the bladder neck. Knots
may be formed inside or outside of the anasto-
motic lumen. The surgeon works with two needle
holders all along this step. Anastomosis is per-
formed with interrupted 3-0 resorbable 4/8 or 5/8

sutures on a No. 26 needle. For internally tied
interrupted sutures, a 6-in. length is sufficient.

The metal Benique catheter with a depressed
tip allows the needle into the urethra and the
metal bougie can also help by allowing the needle
to slide along the catheter.

The first suture is placed at the 5 o’clock
position, running inside out on the urethra (right
hand, forehand) and outside in on the bladder
neck (right hand, forehand). The second suture is
placed at the 7 o’clock position, running inside
out on the urethra (right hand, forehand) and out-
side in on the bladder neck (right hand, forehand).
The two sutures are tied inside the urethral lumen.
Then four sutures are symmetrically placed at the
2, 4, 8, and 10 o’clock positions and tied outside
the lumen. For a right-handed surgeon, the right-
sided sutures run outside in on the bladder (right
hand, forehand) and inside out on the urethra (left
hand, backhand), and the left-sided stitches run
outside in on the urethra (right hand, forehand)
and inside out on the bladder neck (right hand,
forehand).

The final two sutures are placed at the
11 o’clock position, running outside in on the
urethra (right hand, forehand) and inside out on
the bladder neck (right hand, forehand), and at
the 1 o’clock position, running outside in on
the urethra (right hand, forehand) and inside out
on the bladder neck (left hand, forehand). The
Foley catheter is inserted and position in the blad-
der is checked, and then the sutures can be tied
safely. These two sutures are tied after the Foley
catheter insertion. The balloon is blocked and the
bladder is filled with saline to figure out for water-
tightness of the anastomosis. The choreographed
sequence of all sutures is described in Table 17.1.

Similarly our group [13] described a mod-
ified interrupted technique with an initially
placed 6 o’clock suture before catheterization.
Anastomosis is performed with 15–17-cm poly-
glactin 3-0 interrupted endoscopic sutures using
an RB-1 needle (Ethicon) after transurethral
insertion of a metal bougie for exposure of the
urethral stump. We start with a suture at the
6 o’clock position, taking the posterior urethra
together with the rectourethral muscle. There are
two further stitches subsequently made at the
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Table 17.1 Choreographed sequence of successive stitches in interrupted vesicourethral anastomosis

Stitch Location Start Hand End Hand Knot

1 5 o’clock Inside out on the
urethra

Right hand, forehand Outside in on the
bladder neck

Right hand, forehand Inside

2 7 o’clock Inside out on the
urethra

Left hand, forehand Outside in on the
bladder neck

Left hand, forehand Inside

3 8 o’clock Outside in on the
bladder neck

Left hand, forehand Inside out on the
urethra

Left hand, forehand Outside

4 4 o’clock Outside in on the
bladder neck

Right hand, forehand Inside out on the
urethra

Left hand, backhand Outside

5 9–10
o’clock

Outside in on the
bladder neck

Left hand, forehand Inside out on the
urethra

Right hand,
backhand

Outside

6 2–3
o’clock

Outside in on the
bladder neck

Right hand, forehand Inside out on the
urethra

Left hand, backhand Outside

7 11–12
o’clock

Outside in on the
urethra

Left hand, forehand Inside out on the
bladder neck

Right hand, forehand Outside

8 12–01
o’clock

Outside in on the
urethra

Left hand, forehand Inside out on the
bladder neck

Left hand, forehand Outside

Source: From [11, 13]

5 and 3 o’clock positions followed by two at 7
and 9 o’clock positions. The latter stitches require
a second needle driver in the left hand to start
with the stitch at the bladder neck. The bougie
is then withdrawn, and a 20-Fr Foley catheter
is inserted into the bladder followed by ante-
rior reconstruction, that is, tennis racket, of the
bladder neck with 15-cm polyglactin 3-0 inter-
rupted sutures using an SH needle (Ethicon,
Norderstedt, Germany). Subsequently, the ante-
rior part of the anastomosis is closed over the
indwelling catheter.

Running Suture Technique

Hoznek and colleagues [12] described a novel
technique using two hemicircumferential running
sutures for anastomosis. In their technique, the
patient is positioned in dorsal decubitus, with the
legs slightly spread to allow intraoperative rectal
examination. Five trocars are used.

The vesicourethral anastomosis consists of
a posterior and an anterior hemicircumferential
running suture. Two needle holders are used
simultaneously.

The right needle holder is inserted through the
12-mm disposable trocar situated at the right mar-
gin of the rectus sheath. This trocar also allows

the passage of the suturing material: a 3-0 Vicryl
suture with a 26-mm needle, where the optimal
length of the suture is about 20 cm. The left nee-
dle holder is passed through the 5-mm port near
the left anterior superior iliac spine. One will
notice here again that this implies an angle of at
least 60◦ between the needle holder axes. The sur-
geon manipulates these two needle holders. The
first assistant holds the 0◦ lens which is passed
through the 12-mm trocar at the umbilicus. On
the other hand, he holds the suction–irrigation
device, passed through the left 12-mm trocar.
The suction–irrigation device allows exposing the
bladder neck and removing the accumulated urine
from the operating field. A second assistant or the
instrumentalist uses a narrow forceps to hold the
long tail of the running suture. On the urethral
side, the long tail is maintained under traction
in the direction of the symphysis, while on the
bladder side, it is pulled cephalad. A starter knot
is done at the 3 o’clock position. The suture
is placed from outside in on the bladder and
then from inside of the urethra to the outside.
The suture is then tightened with intracorporeal
technique. Next, the needle is passed from
outside to inside of the bladder, below the starter
knot, at the lower margin of the bladder neck in
the 4 o’clock position. This is done with the right
needle holder. One or two sutures are then placed
near the 6 o’clock position of the bladder and the
urethra.
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For the terminal knot of the posterior hemicir-
cumferential suture, a closed loop is prepared at
the 9 o’clock position. The needle is passed from
inside to outside on the bladder, then from out-
side to inside on the urethra, thus forming a loop,
and again from inside to outside on the bladder
side. All the sutures are done with the right needle
holder with a forehand position. The suture line is
thus finished extramurally by a triple-knot. The
Foley catheter is pushed without any difficulty
into the bladder.

Then, a second running suture is realized on
the anterior margin of the bladder and the ure-
thra, beginning at the 2 o’clock position on the
bladder side, then in the urethra with the help
of the right needle holder. Two or three needle
passages are sufficient to entirely close the ante-
rior aspect of the anastomosis. A loop is again
formed at the 10 o’clock position and the knot
is tied. These different sutures are performed
with deliberate structured and error-free chore-
ography, which has evolved progressively during
the developmental phase of laparoscopic radical
prostatectomies. The choreographed sequence of
all sutures is described in Table 17.2.

Single-Knot Method

After defining running suture technique, some
modifications of this technique have evolved.
Van Velthoven and colleagues described a sim-
ple running suture technique that requires just
one intracorporeal knot [14]. This technique has
gained popularities among laparoscopists.

After laparoscopic removal of the prostate has
been accomplished, the bladder neck is identified.
The running suture is prepared by tying together
the ends of two 6–in. sutures of 3-0 or 2-0 mono-
layer polyglycolic acid or polydioxanone; when
available one thread is dyed and the other is not
dyed, for easy identification purposes. The run-
ning stitch is initiated by placing both needles
(RB-1 or CV-23) outside in through the bladder
neck and inside out on the urethra, one at 5:30
position and the other needle at 6:30. The sutures
are run from the 6:30 and 5:30 positions to the
9 o’clock and 3 o’clock positions, respectively,

approximating the bladder and the urethra at each
pass. The posterior lip of the bladder neck is left
apart from the posterior urethra as long as the
two first runs on the urethra and the three first
runs on the bladder are not completed. When
this is achieved, a gentle traction is exerted on
each thread simultaneously or alternatively, and
the system of loops acts as a “winch” to bring the
bladder in contact with the urethra without any
excessive traction on the latter. For that purpose,
the presence of the knot at 6 o’clock position
allows keeping two equal suture branches when
pulling and forces the bladder to move as the
fixed point of the winch. At this point, the 16-Fr
silastic catheter used during the whole proce-
dure is placed into the bladder. Proceeding in this
manner, both knots might reside on the bladder
side of the anastomosis; this is avoided between
sutures 7 and 8 to end on the urethral side with
the right thread and on the bladder side with
the left one. Carrying the suturing up to the
12 o’clock position on both sides, going outside
in on the urethra and inside out on the bladder
completes the remaining closure (Table 17.4). At
12 o’clock position, the ends of the running
sutures are tied to one another on the outside of
the bladder. The choreographed sequence of all
sutures is described in Table 17.3. This table also
illustrates the reduced need to sew with the left or
non-dominant hand, although ambidextrous skills
remain useful to some extent.

If some discrepancy persists between the
diameters of the urethra and of the bladder neck,
some residual anterior opening of the bladder is
closed at that moment in two layers with the same
sutures; in that case, both lengths of threads are
increased accordingly to about 20 cm. The bal-
loon on the 20-Fr silastic catheter is filled with
10 cm3 of water; the bladder is irrigated until
clear with approximately 60 cm3 of sterile water.
A drain is placed and is usually removed on the
first postoperative day. The catheter is normally
left in place for 5–6 days and removed after a
retrograde cystogram.

Additionally, Menon and colleagues pub-
lished a modification of this technique for
robotic LRP [15]. A single anastomotic suture
is prepared by extracorporeally tying the tails
of two 3-0 monofilament sutures (one dyed
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Table 17.2 Choreographed sequence of successive stitches in running vesicourethral anastomosis

Stitch Location Start Hand End Hand

1 3 o’clock Outside in on the
bladder neck

Right hand, forehand Inside out on the urethra Right hand, forehand

2a 4 o’clock Outside in on the
bladder neck

Right hand, forehand Inside out on the urethra Right hand, forehand

3 5–6
o’clock

Outside in on the
bladder neck

Left hand, forehand Inside out on the urethra Right hand, forehand

4 7 o’clock Outside in on the
bladder neck

Left hand, forehand Inside out on the urethra Right hand, backhand

5 8 o’clock Outside in on the
bladder neck

Left hand, forehand Inside out on the urethra Right hand, backhand

6b 9 o’clock Outside in on the
bladder neck

Left hand, forehand Inside out on the urethra Right hand, backhand

7 2 o’clock Outside in on the
urethra

Left hand, forehand Inside out on the bladder
neck

Left hand, forehand

8 1 o’clock Outside in on the
urethra

Left hand, forehand Inside out on the bladder
neck

Left hand, forehand

9 11–12
o’clock

Outside in on the
urethra

Left hand, forehand Inside out on the bladder
neck

Left hand, forehand

10b 10 o’clock Outside in on the
urethra

Left hand, forehand Inside out on the bladder
neck

Left hand, forehand

aNeedle is passed from outside to the inside of the bladder
bA closed loop is prepared and knotted
Source: From [12]

Table 17.3 Choreographed sequence of successive stitches in running “single-knot” vesicourethral anastomosis

Stitch
Location
(o’clock) Start Hand End Hand

1 5–6 Outside in on the
bladder neck

Right hand, forehand Inside out on the urethra Right hand, forehand

2 6–7 Outside in on the
bladder neck

Right hand, forehand Inside out on the urethra Right hand, forehand

3 4 Outside in on the
bladder neck

Right hand, forehand Inside out on the urethra Right hand, forehand

4 3 Outside in on the
bladder neck

Right hand, forehand Inside out on the urethra Left hand, backhand

5 8 Outside in on the
bladder neck

Left hand, forehand Inside out on the urethra Left hand, forehand

6 9 Outside in on the
bladder neck

Left hand, forehand Inside out on the urethra Right hand, backhand

7 10 Outside in on the
urethra

Right hand, forehand Inside out on the bladder
neck

Right hand, forehand

8 11 Outside in on the
urethra

Right hand, forehand Inside out on the bladder
neck

Right hand, forehand

9 2 Outside in on the
bladder neck

Right hand, forehand Inside out on the urethra Left hand, backhand

10 1 Outside in on the
bladder neck

Right hand, forehand Inside out on the urethra Left hand, backhand

11 12 Outside in on the
bladder neck

Right hand, forehand Inside out on the urethra Right hand, backhand

Source: From [14]
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and one undyed). Anastomosis starts hemi-
circumferentially toward the left side, using the
needle of the dyed end, by passing the needle
outside in at the 4 or 5 o’clock position on the
bladder neck and inside out on the urethra. After
two or three throws on the urethra and three
to four throws on the bladder to create an ade-
quate posterior base, the bladder is cinched down
against the knot of the sutures lying on the pos-
terior surface of the bladder. The anastomosis is
continued clockwise to the 9 o’clock position on
the bladder. The suture is then turned into the
bladder in such a way that it runs inside out on
the bladder and outside in on the urethra to con-
tinue further up to the 11 or 12 o’clock position.
Then the suture (dyed) is pulled cranially toward
the left lateral side of the pelvis and maintained
under traction by an assistant. Subsequently, the
anastomosis is started on the right side of the ure-
thra with the undyed end, passing it outside in
on the urethra and then inside out on the blad-
der from the point where the anastomosis was
started and continuing anticlockwise to the point
where the other suture is met. The needle of
the dyed end is cut off, and the free dyed end
and undyed ends are tied together with several
knots.

The “Bordeaux” technique, popularized by
Richard Gaston and Thierry Piechaud, is a sim-
ple, single-running suture that starts at the
3 o’clock position. After the first throw at the
bladder neck and at the urethra, the suture is tied
immediately at the 3 o’clock position. The run-
ning suture is then continued clockwise and tied
again at the 3 o’clock position [16].

Emiliozzi and colleagues [17] defined an anas-
tomosis technique with a single-suture, single-
knot, running procedure. In this technique, a
single 24- to 26-cm 3-0 monofilament suture
is used. A multiple (eight single knots) knot is
prepared 4 cm from the end tail. The running
suture is started outside in on the bladder neck
at the 4 o’clock position. The bladder neck and
the urethra stay apart, so it is easy to prolong the
suture with a second passage at the bladder neck
and the urethra at 5:30 o’clock and a third passage
at the bladder neck at 6:30 o’clock (Table 17.4).
At this point the suture is pulled, and the bladder
neck and the urethra are approximated on the

posterior plate. The running suture is continued
clockwise while the assistant maintains the ten-
sion of the suture in the intervals between the
passages. After a few throws (usually between
seven and eight overall for completing the anas-
tomosis), the needle end is tied to the 4-cm tail.
A single-knot, watertight suture is obtained with
this approach.

Besides these modifications, many different
approaches have been proposed to improve vesi-
courethral anastomosis, including running anas-
tomosis with posterior fixation [18], the use of
absorbable clips [19], the use of a Lowsley trac-
tor [9], extracorporeal bladder neck traction with
nylon thread [10], and the use of a specifically
designed urethral Benique sound [20].

Discussion

Laparoscopic radical prostatectomy was first per-
formed by Schuessler and colleagues and pre-
sented in 1991. However, the technical difficulties
did not allow widespread application of this pro-
cedure. An initial series with nine patients was
published in 1997 by the same authors and they
stated that the anastomosis required twice as long
as the removal of the prostate and was one of
the major reasons to convert to an open proce-
dure. But they concluded that the procedure was
not feasible due to the excessive operation time
and multiple technical difficulties [5]. However,
with the pioneering efforts of European surgeons,
the technique of laparoscopic RP re-emerged in
Europe, the UK, and the USA [13, 21–24].

Laparoscopic radical prostatectomy is now
widespread among urologists. Probably one of
the most difficult steps of the operation is still
the anastomosis between the bladder neck and
the urethral stump because laparoscopic sutur-
ing represents a demanding operative technique
substantially differing from the open procedure.
Laparoscopic instruments are usually limited to
four degrees of freedom including pitch, jaw,
rotation, extraction/insertion plus the actuation
of the instruments. Translational movement is
restricted by a pivot point, the trocar position
which results in the fulcrum effect. Moreover, the
posture of the surgeon can be unergonomic due to
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placement requirements of the trocars. Suturing
in the pelvis requires the surgeon to cross the
assistant’s arm holding the camera. In addition
to these factors, anastomosis takes place at the
end of the surgery and all these factors require
a higher muscle effort compared to the open
surgical procedures [25].

One of the major advantages of laparoscopic
radical prostatectomy is its potential to per-
form all the sutures under total visual control.
However, knotting of the sutures is time con-
suming and contributes to prolonged operating
time. The problems associated with laparoscopic
suturing and knotting techniques are caused by
spatial limitation and fixed trocar positions and,
therefore, restricted movement and handling of
instruments, which represents the principal limit-
ing factor for the widespread use of laparoscopy.
However, more important is the geometry such
as angles and distances between instruments or
angle to the horizontal line as well as camera
or needle position. Frede and colleagues [26]
described that acute angles between instruments
of 25◦ and 45◦ and an angle of <55◦ between the
instruments and the horizontal line maximize the
efficiency of suturing and knotting.

The optimal anastomotic closure involves cre-
ating a watertight, tension-free anastomosis with
mucosal apposition and correct alignment of ure-
thra. Guillonneau and colleagues [27] reported
about 57 cases out of 567 (10%) with early urine
leakage resulting in aspiration of urine by the
suction drain. Anastomotic leakage was defined
as persistent urine in the suction drain for more
than 6 days, justifying the maintenance of bladder
drainage. They documented 46 cases of anas-
tomotic leakage. In 43 cases the fistula healed
spontaneously by continuing suction drainage
until cure and by prolonging bladder drainage.
Only one patient underwent reoperation via the
laparoscopic approach due to a persistent uri-
nary fistula, enabling creation of a watertight
anastomosis. Percutaneous aspiration of uroperi-
toneum was necessary in two cases. In 11 cases,
secondary anastomotic urine leakage was diag-
nosed after catheter removal in a context of acute
pain, acute urinary retention, and the peritoneal
irritation syndrome, requiring continued bladder
catheterization for another week. Acute urinary

retention developed as a function of the duration
of catheterization in 26 cases (4.6%).

The difficulties in running vesicourethral
anastomosis during laparoscopic prostatectomy
reported by the group of Creteil [28], hemicir-
cumferential running sutures for the anastomo-
sis instead of interrupted sutures. The authors
observed four cases of intraperitoneal urine
extravasation in the beginning of their expe-
rience; three patients requested open and one
requested laparoscopic repair. No reoperation
was necessary for the second half of the experi-
ence in Creteil, although about 15% of patients
have some degree of anastomotic leakage on
postoperative cystography, performed at postop-
erative days 4–5.

To achieve a watertight anastomosis, Turk and
colleagues emphasize the importance of an atrau-
matic and precise dissection of the bladder neck.
They observed 13.6% anastomotic leakage in
their series of 125 patients, almost all of them
gathered during the learning curve; overzealous
use of diathermy around the bladder neck was
estimated responsible for these relatively poor
results [29].

Van Velthoven and colleagues [14] described
the single-knot method, which offers further
simplification of the running suture technique.
The first knot is prepared extracorporeally by
joining the two ends of the threads together.
With single-knot technique, Van Velthoven and
colleagues performed 130 radical prostatec-
tomies and they reported no cases of clinically
evident postoperative urinary leakage or blad-
der neck contracture. In a multicenter study,
1,928 laparoscopic and 2,630 robotic-assisted
cases of vesicourethral anastomosis after LRP
and robotic-assisted laparoscopic prostatectomy,
respectively, were analyzed. The mean anasto-
mosis time was 16 min for experts, 23 min
for second-generation surgeons, and 30 min for
trainees. Early leakage, acute retention following
catheter removal, and urethral stricture requiring
internal urethrotomy were seen in 2.1, 0.5, and
0.8%, respectively [30].

Bladder neck contracture has been reported to
occur in 0–3% of men following laparoscopic
RP [13, 31, 32]. A watertight, well-vascularized
bladder neck-to-urethra apposition is essential to
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successful healing and urinary function. There
is no clear definitive known cause of BNC;
however, multiple factors, as noted in Section
“Introduction,” have been correlated with its
occurrence. The low rate of BNC in our study
is perhaps attributable to the technique of recon-
structing the bladder neck using a running anas-
tomosis. Less tissue manipulation, finer surgical
tools, and less use of cautery during bladder neck
dissection may also play a role [32].

Comparison of different anastomosis tech-
niques in a single center was performed by Teber
and colleagues [33]. They evaluated the intra-
and postoperative outcomes of three types of
anastomotic techniques performed at Heilbronn
Clinic. They retrospectively compared intracor-
poreal single-knot running (Van Velthoven) tech-
nique, classical interrupted (Montsouris) tech-
nique, and interrupted technique with placement
of a 6 o’clock suture before division of the poste-
rior wall of the urethra (Heilbronn).

Extravasation was assessed by cystourethro-
gram (at 5–7 days post-op). The presence of
extravasation of contrast material and the loca-
tion of leakage (dorsal, right, or left lateral)
were evaluated. The presence of leakage was
categorized depending on the site of leak as
grade I (lateral leakage—left or right) and grade
II (dorsal leakage—hemicircumferential). They
also analyzed the incidence of urinary retention
and anastomotic strictures after catheter removal.

They found no correlation between an initial
extravasation in the cystogram and the forma-
tion of a stricture in the three groups. There
was also no correlation between the initial grade
of extravasation and subsequent formation of a
stricture. The cystogram was useful in predicting
duration of leakage. A comparison of the three
anastomotic methods showed no difference in the
incidence of strictures. To conclude, for the vesi-
courethral anastomosis, a modified circumferen-
tial running suture including only a single knot
decreased anastomotic and overall operative time.
Although the rate of severe dorsal leakage was
reduced compared to interrupted techniques, the
postoperative continence and stricture rates were
not influenced by the method of anastomosis
[33].

Although laparoscopic radical prostatectomy
has gained great interest in the last few years, it

has not obtained yet a widespread like the robot
in the US. In Europe is still confined to 20–30%
of the centers. This is due to the difficulty of
the technique. To date, no single technique for
vesicourethral anastomosis has prevailed, which
means that probably the best procedure is not yet
available.

The learning curve for LRP is characterized
by a long operating time especially for vesi-
courethral anastomosis. To obtain optimal results,
spending long hours in the operating field or in
intensive training sessions is mandatory. When
training with boxes and animals are used appro-
priately, they are extremely useful to avoid the
negative impact of the learning curve. The effec-
tiveness and the validity of these training pro-
grams are scientifically approved [34]. After ade-
quate training, new generations of surgeons can
perform LRP within the standard operating time.

Critical Operative Steps

Preparation of Anastomosis

• Optimum preparation of the bladder neck
and the urethral stump is of paramount
importance for cancer control, continence, and
vesicourethral anastomosis.

• Control of bleeding from dorsal vein complex.
• Transurethral insertion of catheter or metal

bougie can be used to expose urethral stump.
• Identification of the exact dissection area

between bladder neck and prostate.
• No need for bladder neck eversion.
• Posterior reconstruction may be required

when ureteric orifices are very close to bladder
mucosa.

• Bladder neck is reconstructed anteriorly rather
than posteriorly.

Interrupted Suture

• The metal Benique catheter is inserted through
urethra.

• The first suture is placed at the 5 and second
suture at 7 o’clock position inside out, outside
in on the bladder neck.
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• These two sutures are tied inside the urethral
lumen.

• Then four sutures are symmetrically placed at
the 2, 4, 8, and 10 o’clock positions and tied
outside the lumen.

• The final two sutures are placed at the 11 and
1 o’clock position, running outside in on the
urethra and inside out on the bladder neck
(right hand, forehand at 11 o’clock position,
left hand, forehand at the 1 o’clock position).

• These two sutures are tied after the Foley
catheter insertion.

• Similarly in Heilbronn modified interrupted
technique, an initially 6 o’clock suture is
placed before catheterization.

Running Suture

• A starter knot is done at the 3 o’clock position
outside in on the bladder, then inside out on
the urethra.

• The suture is then tightened with intracorpo-
real technique.

• Running suture is passed from outside in on
the bladder and inside out on urethra.

• n the terminal knot of the posterior hemicir-
cumferential suture, a closed loop is prepared
at the 9 o’clock position.

• The Foley catheter is pushed into the bladder.
• A second running suture is passed outside in

on the bladder and the urethra and inside out
on the urethra at the 2 o’clock position.

• A loop is formed at the 10 o’clock position and
the knot is tied.

Van Velthoven Suture

• Both sutures are placed outside in through the
bladder neck and inside out on the urethra, one
at 5:30 o’clock position and the other needle at
6:30 o’clock position.

• The sutures are run to the 9 and 3 o’clock
positions, respectively.

• A gentle traction is exerted on each thread
simultaneously or alternatively to bring the
bladder in contact with the urethra.

• The Foley catheter is inserted.

Both sutures are carried out up to the 12
o’clock position on both sides and are knotted
together.

Critical Instruments and Supplies

• Optic (telescope) 10 mm, 30◦ (Storz)
• Bipolar cable used with special endodissector

(Aesculap)
• A 10-mm 120◦ endodissect (Aesculap)
• Bipolar dissector (Aesculap)
• Two 5-mm needle holders
• A 10-mm endo-right angle (Storz)
• Endoscissors: 5 mm (Storz)
• Metal bougie
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Robotic Anastomoses and Bladder Neck
Reconstruction Following Radical Prostatectomy
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Introduction

Prostate cancer surgery has dramatically evolved
since the radical perineal prostatectomy was
introduced by Hugh Hampton Young over 100
years ago [1]. In 1947, Terrence Millin intro-
duced the radical retropubic approach [2] but
this did not gain acceptance until the 1970s due
to significant blood loss, incontinence, impo-
tence, and prolonged convalescence. Advances
in the understanding of pelvic neuromuscular
anatomy by pioneers such as Patrick Walsh have
resulted in a marked reduction in morbidity and
mortality following radical retropubic prostate-
ctomy (RRP) [3, 4]. Currently, with improve-
ments in technique focusing on the preservation
of potency and continence, reported quality of life
scores in men undergoing surgery for low-grade
prostate cancers are comparable to those receiv-
ing less invasive treatment modalities (external
beam radiation, brachytherapy) [5] or watchful
waiting [6].

As nerve-sparing RRP has become the gold
standard extirpative intervention for clinically
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localized prostate cancer, recent efforts have
shifted toward development of a minimally inva-
sive operative approach to provide a faster
recovery and decrease postoperative discomfort.
Schuessler et al. [7] described the first laparo-
scopic radical prostatectomy (LRP) in 1997
but concluded that although the procedure was
technically feasible, the laparoscopic approach
offered no advantage over open surgery with
regard to tumor removal, continence, potency,
length of stay, convalescence, or cosmetic result
due to prolonged operative times. Despite ini-
tial discouraging results, with dedicated effort
Vallencien and Guilloneau were able to refine
and standardize the laparoscopic technique in
the late 1990s and the procedure subsequently
gained popularity among urologists in both the
Unites States and Europe [8]. In addition to the
conventional advantages of minimally invasive
surgery including reduced blood loss and quicker
convalescence, in experienced hands, short-term
and intermediate quality of life and oncologic
outcomes are comparable to that of open RRP
[9]. Limitations to laparoscopy including two-
dimensional visualization, limited range of move-
ment, and poor ergonomics due to the use of
rigid instruments have resulted in a steep learning
curve, most notably with intracorporeal suturing
of the vesicourethral anastomosis. As a result, the
majority of LRP procedures are still performed at
centers of excellence with extensive laparoscopic
experience.
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Initially described by Abbou et al. in
2000 [10], the robotic-assisted laparoscopic
prostatectomy(RALP) has been popularized by
Menon’s group at the Vattikuti Institute with the
intention of decreasing the steep learning curve
of the LRP and maximizing the advantages of a
minimally invasive approach [11]. Advantages of
the da Vinci robotic platform (Intuitive Surgical,
Sunnyvale, CA, USA) include enhanced stereo-
scopic visualization offering true depth-of-field
vision and enhanced dexterity (EndoWristTM

technology) allowing the ability to perform pre-
cise suturing for reconstruction, while the chief
deterrents are increased cost and lack of tactile
feedback. There is considerable debate regard-
ing optimal oncologic and functional outcomes
following prostatectomy and to date there have
been no randomized, prospective trials com-
paring the three techniques. However, due to
increased access and a more rapid learning curve,
the robotic platform for RALP has been quickly
embraced by the urologic community. With more
than 70,000 procedures performed in 2008 alone,
it was estimated that more than 75% of prostate-
ctomies in the United States will be performed
with robotic assistance in 2009 (personal com-
munication, Intuitive). In this chapter, we review
basic techniques with a focus on challenging
anatomy and discuss current oncologic and func-
tional outcomes following RALP.

Operative Considerations

Indications and Contraindications

In our practice, we encourage a minimally inva-
sive approach to prostatectomy in men with sus-
pected low-risk or organ-confined disease based
on prostate-specific antigen (PSA) <10 ng/dl,
Gleason score ≤7, and digital rectal examination
(≤cT2 disease) and no evidence of metastasis
[12]. Although not an absolute contraindication,
patients with evidence of locally advanced dis-
ease have a significant risk of disease progression
and it is imperative that negative margins be

obtained. In patients with intermediate- to high-
risk prostate cancer, the decision regarding an
open or a robotic approach is made on an indi-
vidualized basis after consideration of patient
age, co-morbidity, and anatomy. The literature
suggests that patients with clinical evidence of
nodal or metastatic disease do not benefit from
prostatectomy [13]. Currently, this is our only
disease-specific contraindication to open or min-
imally invasive prostatectomy in patients without
clinical evidence of obstruction.

Co-morbid contraindications include signifi-
cant cardiopulmonary compromise, peritonitis,
ascites, and uncorrected bleeding diatheses. A
history of stroke or cerebral aneurysm is a relative
contraindication to robotic prostatectomy due to a
prolonged duration in a steep Trendelenburg posi-
tion. There are currently no absolute anatomic
contraindications to a robotic-assisted approach.
Although port placement and pelvic dissection
can be more challenging in obese men or patients
that have had prior abdominal surgery, successful
outcomes have been reported for patients with a
body mass index (BMI) >30, previous abdominal
surgeries, enlarged prostate size (>60 g), a pro-
nounced median lobe, and a previous history of
prostate surgery, and have become incorporated
into routine practice. High-volume surgeons have
reported feasibility outcomes performing RALP
in patients who have undergone prior neoadjuvant
hormonal therapy, pelvic radiation, brachyther-
apy, and solid organ transplantation [14–16].
Although an open RRP is the preferred approach
under these circumstances for the majority of
urologists, encouraging results using the robotic
platform have been achieved in select patients
by minimally invasive surgeons with extensive
experience.

Preoperative Preparation

As per the current AUA Best Practice Statement
on Urologic Surgery Antibiotic Prophylaxis, a
single intravenous dose of a first- or a second-
generation cephalosporin is given within 1 h prior
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to skin incision to provide coverage for skin and
urinary tract pathogens [17]. Alternative agents
include an aminoglycoside plus metronidazole
or clindamycin, and coverage is terminated in
the immediate perioperative period. Prevention of
deep vein thrombosis (DVT) is essential to peri-
operative care. Intermittent pneumatic compres-
sion devices or graduated compression stockings
are mandatory during the surgery and periop-
erative stay until the patient is ambulatory, but
DVT prophylaxis is generally not recommended
in minor- or moderate-risk patients undergo-
ing laparoscopic or robotic urologic surgery due
to the risks of hemorrhage [18]. For patients
with one or more high-risk factors, low-dose
unfractionated heparin or low molecular weight
heparin is recommended as per individual sur-
geon’s preference. It is the opinion of the authors
that DVT prophylaxis be administered for any
robotic-assisted case in which the operative time
is expected to be greater than 2 h in duration,
particularly for institutions participating in res-
idency training or early in the learning curve
[19]. It is our practice to administer a single
dose of low-dose unfractionated heparin preoper-
atively and in the immediate perioperative period.
Bowel preparation with or without administra-
tion of an oral antibiotic for elective surgery
is controversial [20] and is dependent on indi-
vidual surgeon’s preference. In our practice, we
prescribe a clear liquid diet on the day before
surgery and a gentle laxative (300 ml bottle of
magnesium citrate) at noon on the day prior to
surgery.

da Vinci Surgical System Components

The da Vinci Surgical System comprises the sur-
geon console, the vision tower, and the surgical
patient cart. The control console consists of a
three-dimensional video screen with one monitor
for each eye, master handles that can be adjusted
to transfer movement based on a motion scale
(2:1, 3:1, 5:1), and foot controls which include
control of the focus, clutch, camera, and electro-
cautery. The surgical patient cart consists of three

Fig. 18.1 da Vinci Si Patient Cart ©2009 Intuitive
Surgical, Inc. (image reproduced with permission from
Intuitive Surgical, Sunnyvale, CA, USA)

or four individual devices that control the surgi-
cal instruments and the endoscope (0◦ or 30◦)
via input from the hand controls and foot ped-
als from the surgeon’s control console (Fig. 18.1).
A wide variety of 5- and 8-mm surgical instru-
ments are available and are easily interchanged
from the surgical arms by the assistants at the
patient’s bedside. The da Vinci S high-definition
system includes a wider panoramic view as well
as an integrated fourth arm for rapid deploy-
ment. The da Vinci Si high-definition system adds
higher resolution video, a reconfigured control
panel, and the option for dual-surgeon consoles
for training purposes.

Patient Positioning

Proper patient positioning is essential prior to
procedure initiation. Following informed con-
sent, the patient is placed in the supine position
with the legs in low lithotomy position. It is our
preference to tuck the arms at the patient’s sides,
and pressure points (shoulders, legs, and arms)
are padded with egg crate to prevent neuropraxic
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injury. The patient is secured to the operating
table using cloth tape about the patient’s chest
at the level of the axilla, and the bed is fully
tilted in full Trendelenburg position with the sur-
gical and anesthesia team present to visually
confirm that they are satisfied that the patient’s
position is secure and that no further adjustment
is required prior to application of the surgical
drapes (Fig. 18.2). After the abdomen and gen-
italia are sterilely prepped and draped, a 16-Fr
Foley catheter is placed to drain the bladder.

Fig. 18.2 The patient is placed in the supine position with
the legs in low lithotomy position. It is our preference to
tuck the arms at the patient’s sides, and pressure points
(shoulders, legs, and arms) are padded with egg crate to
prevent neuropraxic injury

Port Placement

Port placement is critical to the ease of the pro-
cedure, and several variations as per individual
surgeon’s preference have been described for
the transperitoneal approach. To obtain a pneu-
moperitoneum, with the patient in a supine posi-
tion, a Veress needle is inserted into an upper
quadrant at the anticipated site of the 5-mm assis-
tant port. As an alternative, the Veress needle
can be inserted at the umbilicus. If desired, the
patient can be placed in a slight Trendelenburg
position to allow the liver to fall in a cepha-
lad position. After successful insufflation, access
to the abdomen is obtained using a 12-mm
VISIPORTTM (US Surgical, Norwalk, CT, USA)
blindly or under direct vision vertically in the

midline 18–22 cm above the pubic symphysis,
which in thin or non-obese patients is typically
located in a supraumbilical position. In obese
or tall men the camera port can be placed in
an infraumbilical position. Alternatively the open
Hassan technique can be utilized to enter the
abdomen. A 0◦ endoscope is inserted and the
abdomen and the pelvis are surveyed to ensure
that there are no visceral injuries or significant
adhesions. Three robotic ports and two assis-
tant ports are then placed under direct vision.
In our practice, two 8-mm robotic arm ports are
placed 8 cm laterally from the midline (mid-
clavicular line), at a distance of 15 cm from
the superior edge of the midpoint of the pubic
symphysis. The auxiliary (fourth arm) is placed
approximately 2 cm superior and medial to the
left anterior superior iliac spine (ASIS) and at
least one handsbreadth from the left robotic port.
A 12-mm assistant port is placed at the cor-
responding mirror-image position on the right.
This port allows the assistant to pass sutures
and the EndoCatch bag for specimen retrieval.
A second 5-mm assistant port is placed in the
right upper quadrant approximately two finger-
breadths below the costal margin at a point that
bisects the camera port and the right robotic
port. This is usually located at the site of Veress
needle insertion and is primarily used for suc-
tion. Once the ports are in place (Fig. 18.3),
the patient is placed in full Trendelenburg posi-
tion and the robot is docked. Proper port place-
ment is vital to maximize working space which
can be limited in thin men with a narrow
pelvis. Considerations include the need to place
the ports high in the abdomen (at least one
handsbreadth apart) to prevent contact between
instruments. Similarly, it is necessary that
the instruments reach the distal prostate and the
pelvic floor to complete the critical parts of the
operation, including ligation of the dorsal venous
complex and urethrovesical anastomosis, which
can be challenging in obese men. Communication
between the primary surgeon at the console and
the assistants at the bedside is essential to ensure
rapid recognition of problems intraoperatively
and a smooth transition between each step of the
procedure.
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Fig. 18.3 Two 8-mm robotic ports are placed 8 cm later-
ally from the midline (midclavicular line), at a distance
of 15 cm diagonally from the superior midpoint of the
pubic symphysis. The auxiliary (fourth arm) is placed
approximately 2 cm superior to the left anterior supe-
rior iliac spine approximately 8 cm from the left robotic
port. A 12-mm assistant port is placed at the correspond-
ing mirror-image position on the right. A second 5-mm
assistant port is placed in the right upper quadrant approx-
imately two fingerbreadths below the costal margin at a
point that bisects the camera port and the right robotic port

Anesthesia Considerations

Pneumoperitoneum and alterations in patient
positioning can result in several physiologic
effects unique to laparoscopy. Hemodynamic
shifts may not show clinically significant effects
in healthy men but have been demonstrated to
result in significant pathophysiologic changes in
patients with preoperative cardiopulmonary dis-
ease [21]. Peritoneal insufflation pressures create
a large gradient for CO2 diffusion into the blood-
stream resulting in hypercarbia. Carbon dioxide
acts directly to inhibit the cardiovascular sys-
tem, decreasing heart rate, cardiac contractility,
and systemic vascular resistance while increasing
pulmonary artery pressures, which can result in
cardiac arrhythmias and respiratory acidosis [22].

Mechanical effects of increased intra-abdo-
minal pressure from pneumoperitoneum may
include reduced cardiac preload from compres-
sion of the great vessels as well as increased
intrathoracic pressures which can result in
decreased functional residual capacity and res-
piratory compliance. These effects can be mag-
nified in obese patients or those placed in

the pronounced Trendelenburg position for an
extended duration [23]; in these cases, increas-
ing the inspired O2 concentration may be
required to maintain oxygenation. Increased
intra-abdominal pressures and its associated car-
diovascular changes may also result in increased
intracranial pressure, decreased visceral perfu-
sion, and oliguria. A thorough pre-anesthesia
assessment can assure that the patient is medi-
cally optimized in order to safely anticipate and
tolerate these expected physiologic changes dur-
ing laparoscopy.

Transperitoneal RALP Technique

Bladder Mobilization

After initial laparoscopic survey of the abdomen,
the left colon is mobilized as needed using
monopolar curved scissors without cautery. The
parietal peritoneum overlying the bladder is taken
down lateral to the medial umbilical ligaments
from the urachus to the vas deferens bilater-
ally using a combination of blunt dissection and
cautery. Using left-handed graspers, the right
medial umbilical ligament is held on traction pos-
teriorly, while the peritoneum is scored using
monopolar cautery. The bladder is bluntly swept
in a medial direction to help delineate the plane
of dissection. On the left side, the assistant can
use a laparoscopic grasper to hold traction on
the left medial umbilical ligament. Dissection is
continued into the pelvis until the pubic arches
are visible. Once mobilized laterally, the urachus
is transected using cautery and the bladder is
“dropped” from the anterior abdominal wall at
the midline. The extraperitoneal space is further
developed by dissection anterior to the level of
the pubic symphysis.

Exposure of the Prostatic Apex
and Ligation of the Dorsal Venous
Complex (DVC)

After the bladder is mobilized, the pre-prostatic
fat is dissected using blunt dissection and
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monopolar cautery, exposing the endopelvic
fascia and puboprostatic ligaments. The superfi-
cial dorsal vein is isolated and controlled with
bipolar cautery. The endopelvic fascia is incised
using scissors with or without cautery, and leva-
tor muscle fibers are gently teased laterally away
from the prostatic base to apex until the edge of
the dorsal vein is visualized. Mueller’s ligament
is carefully dissected free, sealed with bipolar
cautery, and divided sharply. The puboprostatic
ligaments are then placed on slight traction using
posterior and cephalad pressure and divided with
monopolar scissors. While in our practice, apical
dissection is performed prior to ligation of the
dorsal vein, some surgeons prefer to limit ure-
thral dissection or division of the puboprostatic
ligaments prior to placement of the dorsal vein
stitch [24] with the belief that it may improve
early continence results.

A 6-in. 0-Polysorb suture on a GS-21 nee-
dle (US Surgical, Norwalk, CT, USA) is used
to control the DVC (Fig. 18.4). A sliding stitch
is placed so that the tension can be adjusted
prior to securing the knot. As per individual sur-
geon’s preference, an additional stitch may be
placed at the mid prostate; this can be used to
decrease back bleeding when the DVC is divided
or for prostatic manipulation during the posterior
dissection.

Bladder Neck Transection

Once the DVC has been suture ligated, a 30◦
down lens may be placed to aid in the blad-
der neck dissection, depending on the patient’s
anatomy and individual surgeon’s preference.
Identifying the proper plane takes a degree
of experience, but additional maneuvers such
as manipulating the Foley catheter balloon or
bimanual compression (“bladder neck pinch”)
can be utilized to identify the prostatovesical
junction [25] (Fig. 18.5). Ideally, a shallow
groove between the prostate and the horizontally
orientated detrusor fibers can be distinguished,
and in our experience, the prostatovesical junc-
tion is usually more clearly demarcated laterally
rather than in the midline. Starting either medi-
ally or laterally, the bladder neck is incised using
cautery. A lateral approach facilitates creation of
a smaller bladder neck opening, minimizing the
need for later reconstruction. Anecdotally, hold-
ing the monopolar scissors at a 90◦ angle to the
tissue and using a sweeping motion with cautery
facilitates separation of the tissue planes until the
Foley catheter can be identified (Fig. 18.6). It
is important to note that this should be essen-
tially an avascular plane. Although there can be
a degree of back bleeding from the prostate,

Fig. 18.4 After apical dissection is complete and the
puboprostatic ligaments have been divided, a 0-Polysorb
suture on a GS-21 needle is used to control the dorsal

venous complex (a). A sliding stitch is placed so that
tension can be adjusted prior to securing the knot (b)
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Fig. 18.5 Maneuvers such as manipulating the Foley
catheter balloon or bimanual compression (“bladder neck
pinch”) can be utilized to identify the prostatovesical
junction prior to bladder neck transection

pronounced bleeding should alert the surgeon
to re-evaluate the surgical plane for inadvertent
dissection within prostate tissue. The bedside
assistant can intermittently provide traction on
the catheter to seat the balloon at the bladder
neck to help reassess the proper plane of dissec-
tion. When the anterior bladder neck has been
divided exposing the catheter, the Foley balloon
is deflated and the assistant retracts the catheter
tip anteriorly toward the pubic symphysis, ele-
vating the prostate and exposing the posterior
bladder neck. We have found that exposure is
improved by having the surgical technician pull
the distal end of the catheter and placing a heavy

clamp on the catheter close to the urethral meatus
to maintain tension. The bladder neck is inter-
mittently tented open with cephalad traction to
allow for inspection of the ureteral orifices; in
difficult cases, visualization can be facilitated by
administering Indigo carmine dye. In patients
with obscured anatomic planes this maneuver is
also helpful to assess the orientation of the pos-
terior bladder wall to facilitate dissection. The
posterior bladder neck mucosa is then scored
with the tips of the monopolar scissors and the
detrusor muscle is divided. A separate layer of
vertically orientated posterior bladder neck tissue
must be incised before reaching Denonvilliers’
fascia. This layer will later be utilized for recon-
structing the posterior bladder neck.

Posterior Prostatic Dissection

Once the posterior bladder neck dissection is
complete, the anterior layer of Denonvilliers’ fas-
cia can be visualized (Fig. 18.7a). This is sharply
incised to expose the vasa deferentia and semi-
nal vesicles. Each vas is carefully dissected as
far distally as possible using controlled cautery
and gentle sweeping motions to release the sheath
and vessels. We have found that extended dissec-
tion to the level of the tip of the seminal vesicles
aids in the subsequent seminal vesicle dissec-
tion. The vasa are transected using cautery and
handed to the assistant for use as a handle for

Fig. 18.6 Starting laterally (a), the bladder neck is incised with cautery using the monopolar scissors until the Foley
catheter is identified (b)
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Fig. 18.7 Following dissection of the posterior bladder
neck, the vas deferens and seminal vesicles are identified
(a). Once dissected free, anterior retraction of the vasa and

seminal vesicles exposes the surgical plane between the
prostate and the rectum (b)

anterior traction. The seminal vesicles are then
mobilized using a combination of blunt dissec-
tion and monopolar cautery, with attention paid
to the deferential arteries which often lie in a
posterior position. Care to avoid excessive use
of cautery is essential, particularly near the tips
of the seminal vesicles due to the close prox-
imity of the neurovascular bundles. The seminal
vesicles are then anteriorly retracted with the
vasa to place the posterior layer of Denonvilliers’
fascia on tension. Incision exposes the surgi-
cal plane between the prostate and the rectum
which is developed bluntly (Fig. 18.7b). This
plane can be difficult to identify in patients who
have undergone multiple transrectal biopsies,
saturation biopsy, and neoadjuvant hormonal
therapy.

Management of Rectal Injury

Although uncommon in large minimally invasive
prostatectomy series [26], should a rectal injury
be identified intraoperatively, the prostatectomy
should be completed and the prostate placed in a
specimen entrapment device. The operative field
should then be copiously irrigated with an antibi-
otic solution. After clearly identifying the mar-
gins of the rectal defect, if the edges appear viable
with minimal fecal spillage, the rectotomy should

be closed in two layers with absorbable suture
and imbricated with a non-absorbable suture.
In a patient with a history of pelvic radiation,
a full-thickness cautery injury, significant fecal
contamination, or a repair which cannot be com-
pleted without tension, a diverting colostomy is
recommended [27]. Case reports have described
further maneuvers to manipulate the rectal repair
away from the urethrovesical anastomosis includ-
ing tacking the rectum to the levator fibers on
one side and placing an interposition omental flap
that is secured posterior to the urethra [28]. In
the case of primary closure of a rectal injury,
it is our recommendation that a closed suc-
tion drain be placed away from the anastomosis,
broad spectrum antibiotics be administered for at
least 24 h, rectal dilation be performed, and the
Foley catheter be left in place for a minimum of
14 days.

Retrovesical Dissection (Montsouris
Technique)

The pure laparoscopic approach beginning with
a retrovesical dissection of the vasa and seminal
vesicles was initially described by Guillonneau
and Vallancien [29] and has been applied to the
robotic platform. With this technique, the bladder
attachments to the anterior abdominal wall are
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initially preserved, and the vasa and seminal vesi-
cles are targeted at the bottom of the peritoneal
reflection at the base of the posterior bladder
wall. The peritoneum is incised, and the rectum is
retracted inferiorly by the assistant with the suc-
tion instrument. The vasa are identified, dissected
free, and transected, exposing the seminal vesi-
cles. The seminal vesicles are brought into the
surgical field with traction, dissected free, and the
tips are transected. Denonvilliers’ fascia is then
incised until pre-rectal fat is visualized, identify-
ing a safe plane for posterior prostatic dissection,
which is carried anteriorly to the rectourethralis
muscle at the apex of the prostate. The bladder
is subsequently dissected free from the abdomi-
nal wall to facilitate the apical prostatic dissection
and division of the bladder neck, which proceeds
using methods described above.

Neurovascular Bundle Dissection
and Controlling the Lateral Pedicles

The decision to proceed with a nerve-sparing
approach is multi-factorial and depends on
each patient’s tumor characteristics and baseline
potency. Patients are counseled preoperatively

that nerve sparing will not take precedence over
cancer control and that the final decision will
be made intraoperatively at the surgeon’s dis-
cretion. However, nerve sparing is planned and
carried out in the vast majority of cases of low-
and intermediate-risk prostate cancer. It is our
preference to perform nerve sparing in a retro-
grade manner prior to division of the prostatic
pedicle, mimicking open techniques. The neu-
rovascular bundle runs along the posterolateral
aspect of the prostate and is enclosed by the
periprostatic fascia medially, the levator layer of
the periprostatic fascia laterally, and the anterior
layer of Denonvilliers’ fascia posteriorly [30]. It
is our preference to perform a modified version
of the “veil of Aphrodite” technique as described
by Menon et al., including a high apical bundle
release which has recently been incorporated into
open techniques as well [31]. The plane between
the prostatic fascia and the capsule of the prostate
is entered using sharp dissection only, starting
proximally where the prostatic fascia reflects off
the lateral edge of the prostate and proceeding in
an antegrade fashion toward the apex and the ipsi-
lateral pubourethral ligament [32] (Fig. 18.8a).
We then prefer to mobilize the neurovascular bun-
dles away from the prostate in a retrograde fash-
ion until the lateral prostatic pedicles are exposed.

Fig. 18.8 To mobilize the neurovascular bundles, the
plane between the prostatic fascia and the capsule of the
prostate is entered near the apex using sharp dissection
only. This plane is developed in a retrograde fashion back

to the base of the prostate (a). The vascular pedicles are
controlled using locking polymer clips and divided with
scissors (b)
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Using locking polymer clips, each pedicle is lig-
ated and then divided sharply (Fig. 18.8b). The
remaining posterior attachments are then cleared
until the prostate has been mobilized to the level
of the apex.

Modifications employed to improve nerve-
sparing technique and improve potency outcomes
have included preservation of all components
of neurovascular tissue around the prostate, use
of athermal scissors for the entire procedure,
mobilization of the bundles away from the ure-
thra apically to prevent damage during urethral
transection, and anatomic reconstruction of the
pelvic floor following urethrovesical anastomo-
sis [33]. Additional novel efforts have focused
on preservation of accessory pudendal branches
[34], hypothermia to reduce traumatic inflam-
mation [35], and hydrodissection to facilitate
athermal bundle identification [36]. Prospective
long-term data comparing these modifications are
currently unavailable. We anticipate that future
efforts will continue to capitalize on the increased
understanding of pelvic neurovascular anatomy
coupled with improved laparoscopic visualiza-
tion in the pelvis to further improve nerve-sparing
technique.

Division of the Dorsal Venous
Complex and the Posterior Urethra

We traditionally use a 0◦ lens to incise the lig-
ated DVC and complete our apical dissection.
Once the nerve bundles and prostatic pedicles
have been addressed, the DVC is incised sharply
using scissors or monopolar cautery perpendicu-
lar to the urethra, approximately 5–10 mm distal
to the prostatic apex to ensure an adequate ure-
thral length and a negative margin. To facilitate
this portion of the procedure, the assistant slides
the lower jaw of a flat blunt grasper over the
tip of the Foley catheter into the prostatic ure-
thra and grasps the anterior lip of the base of
the prostate (Fig. 18.9a). Cephalad and poste-
rior traction can then be applied to the prostate
to facilitate division of the DVC and the urethra

(Fig. 18.9b). The Foley is then retracted to facili-
tate transaction of the posterior wall of the urethra
and the rectourethralis muscle to free the prostate
specimen (Fig. 18.9c). All attempts are made to
minimize additional urethral fibromuscular skele-
tonization to aid in early return of continence.
Some authors have suggested that cold incision
of the DVC prior to suture ligation may result in
decreased apical positive margin rates [37], but
in our experience, early DVC ligation minimizes
blood loss and improves intraoperative visual-
ization without an appreciable adverse effect on
apical margin status. Another alternative that has
been described is the use of an endoscopic sta-
pler to control the DVC, which is performed by
the bedside assistant. However, in early investi-
gations, no difference was shown with respect
to blood loss, operative duration, or apical mar-
gin rates; as a result, this approach is performed
sparingly at few centers [38].

Once mobilized, the surgical specimen is
inspected while still in the abdomen. If there are
concerns regarding capsular incision, extracap-
sular extension, or a grossly positive margin,
additional specimens are sent for frozen section
prior to completion of the urethrovesical anasto-
mosis. We do not routinely send apical or bladder
neck specimens for frozen section unless there is
an increased clinical suspicion of tumor involve-
ment. The surgical specimen is placed into a
10-mm EndoCatchTM bag (US Surgical,
Norwalk, CT, USA) and moved into the upper
abdomen for later retrieval.

Anatomic Restoration and the
Urethrovesical Anastomosis

Technical modifications employed in RRP to help
facilitate early return to continence that have been
adapted by minimally invasive surgeons include
sparing of the bladder neck [39], puboprostatic
ligaments [40], puboprostatic collar [41], and
posterior reconstruction of Denonvilliers’ mus-
culofascial plate [42]. Some authors advocate
total anatomic restoration of the circumferential
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Fig. 18.9 Once the nerve bundles and prostatic pedicles
have been addressed, the DVC is incised sharply using
scissors or monopolar cautery. To facilitate this portion
of the procedure, the assistant slides the lower jaw of a
flat blunt grasper over the tip of the Foley catheter into

the prostatic urethra and grasps the anterior lip of the base
of the prostate (a). Once the urethra has been transected
(b), the prostate specimen is placed into an entrapment
bag, exposing the mobilized neurovascular bundles and
the open bladder neck (c)

dynamic suspensory support system for the ure-
thral sphincter complex. They believe that atten-
uating pelvic prolapse and downward pressure of
the bladder on the healing anastomosis during
micturition may relieve tension at the anasto-
mosis, improve healing, and ultimately augment
continence recovery [43].

It is our preference to spare the bladder neck
during prostatic dissection and in our experience,

reconstruction is rarely required prior to perform-
ing the urethrovesical anastomosis. If necessary,
after completing the urethrovesical anastomosis,
the remaining open bladder neck can be recon-
structed with running or interrupted sutures incor-
porating full-thickness muscularis and bladder
mucosa; this has been likened to a “reverse or
anterior tennis racquet” technique [44]. We will
often use a running 3-0 single-armed Monocryl
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suture on a RB-1 needle (Ethicon, Somerville,
NJ, USA) with a Lapra-Ty (Ethicon, Somerville,
NJ, USA) securing each end to reconstruct any
remaining defect following completion of the
anastomosis. In our practice, we still routinely
divide the puboprostatic ligaments to facilitate
exposure to the dorsal vein to assure adequate
hemostasis, but we have recently amended our
technique to minimize lateral and posterior api-
cal dissection to preserve periurethral fibromus-
cular attachments to the pelvic floor. After the
reports of encouraging short-term continence
data, we have also incorporated posterior mus-
culofascial reconstruction into our algorithm.
Coined the “Rocco stitch,” the cut edge of
the distal Denonvilliers’ plate and the cephalad
Denonvilliers’ musculofascial remnant posterior
to the bladder neck is reapproximated in a run-
ning or an interrupted fashion in one or two layers
[45, 46] (Fig. 18.10). This technique is thought
to provide posterior support for the sphincteric
mechanism and prevent caudal retraction of the
urethra. As in bladder neck reconstruction, we
utilize a running 3-0 Monocryl suture on an
RB-1 needle (Ethicon Inc., Somerville, NJ, USA)
with a Lapra-Ty (Ethicon Inc., Somerville, NJ,
USA) securing each end. Perineal pressure by the

Fig. 18.10 The cut edge of the distal Denonvilliers’ plate
and the cephalad Denonvilliers’ musculofascial remnant
posterior to the bladder neck are reapproximated in a run-
ning fashion using a 3-0 Monocryl suture on an RB-1 nee-
dle with a Lapra-Ty securing each end. Posterior musculo-
fascial reconstruction (arrows), coined the “Rocco stitch,”
provides posterior support for the sphincteric mechanism
and takes tension off of the anastomotic sutures helping to
achieve a watertight urethrovesical anastomosis

bedside assistant helps to approximate the two
edges. The tip of the Foley catheter is also
brought in, grasped, and retracted anteriorly to
identify and avoid incorporating the posterior
urethral stump. Once these sutures are tied the
bladder neck should lie close to the urethral
stump. While the benefits to long-term postoper-
ative continence remain undetermined, we have
found that posterior musculofascial reconstruc-
tion takes tension off the anastomotic sutures
helping to achieve a watertight urethrovesical
anastomosis.

A single anastomotic suture is prepared by
extracorporeally tying the tails of two 6.5-in.
3-0 Monocryl sutures to RB-1 needles (Ethicon,
Somerville, NJ, USA) with one dyed and one
undyed for identification purposes. For this por-
tion of the procedure, we prefer to use the
0◦ endoscope and two large needle drivers.
The urethrovesical mucosa-to-mucosa anastomo-
sis is begun hemi-circumferentially starting with
an outside-to-in throw of the dyed needle at
5 o’clock on the bladder neck, then pass-
ing the needle inside to out on the urethra
(Fig. 18.11a). We follow the assistant’s retract-
ing urethral catheter to guide placement of the
urethral sutures. After several throws to create
adequate posterior reconstruction, the bladder is
cinched down against the knot of the sutures lying
on the posterior aspect of the bladder. The anas-
tomosis is continued in a clockwise fashion to the
11 o’clock position (Fig. 18.11b), at which point
the suture is temporarily tacked to the inside of
the pubic arch on slight traction. Subsequently,
the right-sided anastomosis is started using the
undyed suture, passing it outside to in on the
bladder and then inside to out on the urethra,
starting from 5 o’clock and proceeding clockwise
until the contralateral suture is reached. Of note,
both sutures end on the outer aspect of the ure-
thral side of the anastomosis. The new catheter
is advanced into the bladder and the balloon is
filled with 10–15 cm3 of sterile water and pulled
back to the bladder neck by the assistant to ver-
ify appropriate positioning. The two sutures are
tied together and the integrity of the anastomosis
is tested under direct vision by instilling 180 cm3

of water or saline as per our routine. We no longer
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Fig. 18.11 Using a 0◦ endoscope and two large nee-
dle drivers, the urethrovesical anastomosis is performed
using two 6.5-in. 3-0 Monocryl sutures on RB-1 needles
(one dyed, one undyed) tied together extracorporeally (van
Velthoven stitch). Using the dyed suture, the anastomosis
is initiated with an outside-to-in throw at 5 o’clock on the
bladder neck and then the needle is passed inside to out

on the urethra in a clockwise manner until the 11 o’clock
position is reached. The right-sided anastomosis is started
using the undyed suture, passing it outside to in on the
bladder and then inside to out on the urethra, starting from
5 o’clock and proceeding clockwise until the contralateral
suture is reached. The two sutures are tied together and the
integrity of the anastomosis is tested under direct vision

routinely leave closed suction drains in the vicin-
ity of the anastomosis unless there is obvi-
ous fluid extravasation. Outcomes between inter-
rupted and running urethrovesical anastomoses
have been retrospectively compared in patients
undergoing pure LRP [47], but it is the opin-
ion of the authors that the robotic EndoWrist
technology facilitates a watertight running anas-
tomosis with decreased operative times and a
shorter learning curve.

Lymph Node Dissection

The decision to perform a lymph node dissection
at the time of prostatectomy is controversial and
depends upon institutional protocol. We typically
perform a node dissection in men with preop-
erative intermediate- to high-risk characteristics
including palpable disease, PSA >10, and any
Gleason score component of 4. As per surgeon’s
preference, the pelvic lymph node dissection can
be performed any time after the bladder has been
released from the anterior abdominal wall. In
our practice, we most commonly perform the
nodal dissection after the prostate specimen has

been placed in an entrapment bag and prior to
the urethrovesical anastomosis. The tissue over-
lying the external iliac vein is incised and the
lymphatic nodal package is retracted medially
until the pelvic side wall is visualized. The dis-
section is begun at the lymph node of Cloquet
in the femoral canal and proceeds proximally
toward the bifurcation of the iliac vessels. The
obturator nerve represents the inferior limit of
dissection and along with the obturator vessels
must be carefully preserved. The nodal package
between the obturator nerve and the hypogastric
vein is also removed. Visible lymphatic structures
are clipped and divided; alternatively, monopolar
cautery may be used to free the nodal packets.
We typically place a large locking polymer clip
just beyond Cloquet’s node prior to transecting
the node packet. A second large clip is placed
on the right packet for pathologic identification,
and then both nodal packets are placed into one
10-mm EndoCatchTM bag for specimen retrieval.

Extraperitoneal Technique

The extraperitoneal (EP) technique for RALP has
been described [48] and is currently the preferred
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approach of some surgeons. With this approach,
the space of Retzius is developed using a round
balloon dilator (US Surgical, Norwalk, CT) and
by the placement of an infraumbilical 12-mm bal-
loon trocar. Using the camera, the peritoneum is
swept away from the anterior abdominal muscle,
allowing the placement of the additional trocars
under direct vision. Unlike the transperitoneal
(TP) approach, only a 0◦ camera is necessary for
the EP approach due to the lower camera port
placement. The other procedural steps are sim-
ilar to those of TP RALP, with the exception
that posterior prostatic dissection must be per-
formed following division of the bladder neck.
Theoretical advantages include minimal risk to
intra-abdominal organs, less peritoneal irritation
to decrease the risk of postoperative ileus, and
containment of urine or blood in the extraperi-
toneal space allowing for tamponade [49].

However, working within the confines of such
a narrow working space can limit the ability to
perform a posterior dissection resulting in more
challenging neurovascular bundle preservation
and urethrovesical anastomosis. Also, mimick-
ing the anatomic limitations of the open RRP, an
EP approach has an increased risk of lymphocele
and requires placement of a closed suction drain
if lymph node dissection is performed, which
is not our routine in TP RALP. Retrospective
series comparing TP and EP pure laparoscopic
procedures have reported shorter operative times,
decreased co-morbidity, and earlier time to con-
valescence [50], but these benefits have not been
consistently reproduced in robotic series [51,
52]. In our experience the limitations of working
within a more narrow space outweigh the poten-
tial benefits of staying out of the peritoneal cavity,
but with comparable outcomes, surgeon com-
fort and experience will be the most significant
factors in choosing a preferred approach.

Managing the Difficult Bladder Neck

As technological advances progress and more
definitive functional outcomes data are reported,
an increasing number of challenging cases will
be performed robotically. These include patients

with a large median lobe, large prostatic ade-
noma, and a history of prior prostatic surgery.
When approaching a difficult bladder neck,
general principles include placing traction on
the Foley catheter balloon or performing a
“pinch test” to identify the bladder neck margin.
Entering an avascular fat plane also indicates that
the proper prostatovesical junction has been iden-
tified; if there is doubt, some authors recommend
dissecting in the midline to avoid excessive bleed-
ing or dividing the bladder neck more proximally.
It is important to err on the bladder side when
the bladder neck anatomy is in question to ensure
negative surgical margins.

Challenging Prostate Anatomy

A large median lobe can present several opera-
tive challenges during RALP. We do not routinely
perform cystoscopy in the operating room on the
day of scheduled RALP. If a large median lobe is
seen at the time of transrectal ultrasound-guided
prostate biopsy or suspected based on severe
lower urinary tract symptoms, a cystoscopy may
be electively performed in the office as part of
preoperative planning. Intraoperatively, a large
median lobe is suspected if the Foley catheter bal-
loon deviates to one side when placed on traction.
Fear of the potential for ureteral injury during the
bladder neck resection can result in inadequate
resection and positive margins at the posterior
aspect and base of the prostate. An additional
maneuver to increase bladder neck exposure and
deliver the median lobe into the operative field
is to perform a midline anterior cystotomy. We
find that in most cases, retraction of the median
lobe anteriorly using the left robotic instrument
is adequate (Fig. 18.12a). Once the mucosa has
been incised, care must be taken to stay out of the
enucleation plane and continue through the pos-
terior bladder neck (Fig. 18.12b). Prior dissection
of the vasa and seminal vesicles may be helpful in
such cases. If there is a history of previous pro-
static surgery (TURP), anatomic landmarks are
less evident due to postoperative scarring, and it
may be necessary to take the bladder neck margin
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Fig. 18.12 In cases of a median lobe, retraction anteri-
orly using the left robotic instrument is often adequate to
avoid ureteral injury during the bladder neck resection (a).

Once the mucosa has been incised, care must be taken to
stay out of the enucleation plane and continue through the
posterior bladder neck (b)

even more proximally to ensure that a uniform
negative margin is achieved.

Bladder Neck Reconstruction

The described maneuvers to resect adequate
tissue to ensure a negative margin can result

Fig. 18.13 Following prostate surgery, such as trans-
urethral resection of the prostate, resecting adequate tissue
to ensure a negative margin can result in a large blad-
der defect with the ureteral orifices close to the bladder
neck. Consistent inspection of the bladder neck, intraop-
erative administration of indigo carmine dye, or placement
of ureteral catheters can be useful to identify the ureteral
orifices to avoid iatrogenic injury

in a large bladder defect with the ureteral ori-
fices close to the bladder neck (Fig. 18.13).
Intraoperative administration of indigo carmine
dye can be useful to identify the ureteral orifices
to avoid iatrogenic injury, including local trauma
during resection or subsequent obstruction during
the urethrovesical anastomosis. It is important to
continually inspect the bladder neck to identify
the ureteral orifices as dissection proceeds. Once
the cystotomy has been created, in rare cases,
ureteral catheters or double-J ureteral stents can
be placed intracorporeally without requiring cys-
toscopic access [53]. In complex cases it is our
practice to place 5-Fr pediatric feeding tubes into
the distal ureters and secure the ends with a sin-
gle locking polymer clip for the duration of the
repair. These are removed just prior to comple-
tion of the anterior portion of the urethrovesical
anastomosis. If a large defect has been created,
the bladder neck can be reconstructed using var-
ious techniques, including placement of inter-
rupted vicryl sutures from the 2–4 o’clock and the
8–10 o’clock positions to narrow the diameter
of the bladder neck to match the urethral diam-
eter (“fish mouth”) [54]. Our preference is to
mobilize the bladder and perform posterior mus-
culofascial reconstruction to both align and take
tension off the urethrovesical anastomosis. When
the anastomosis is complete, if further bladder
neck reconstruction is required, the cystotomy
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can be closed with running or interrupted sutures
in a reverse “tennis racquet” fashion. In all cases,
it is recommended to fully test the anastomo-
sis and to leave a closed suction drain if there
is fluid extravasation or if an extensive bladder
neck repair was undertaken. If the ureteral ori-
fices are in close proximity to the urethrovesical
anastomosis, some authors recommend leaving
a stent or a ureteral catheter in place until the
time of catheter removal to prevent postoperative
obstruction [53].

Initial case series have demonstrated that min-
imally invasive prostatectomy techniques with
complex bladder neck reconstruction can be per-
formed in patients with significant gland size
[55], median lobe [56], or previous prostate
surgery [57]. Meeks et al. [58] reviewed 29
patients with a median lobe undergoing RALP
and reported increases in operative times, esti-
mated blood loss, and hospital stay, but no dif-
ferences with regard to positive margins, postop-
erative complications, or continence at 6 months.
Groups with more extensive experience have
reported no significant differences in operative
parameters, margin rates, or postoperative con-
tinence when comparing men with and without
a large median lobe undergoing RALP [54].
Martin et al. [15] reported their experience per-
forming RALP in patients with a history of
prostate surgery (including simple prostatectomy,
transurethral resection or photovaporization of
the prostate, and open bladder neck reconstruc-
tion) and reported no significant differences with
respect to operative parameters, complication
rates, or margin status compared to normal con-
trols. Currently long-term data are limited with
regard to postoperative continence or the inci-
dence of bladder neck contracture in patients
that have undergone extensive bladder neck
reconstruction. Outcomes in this select cohort of
patients will surely be a focus of interest in future
studies.

Management of Ureteral Injury

Reports of ureteral transection during open
or minimally invasive prostatectomy are

exceedingly rare [59], but patients with anatomic
variations such as duplicated systems or ectopic
insertion are at increased risk. Increased clinical
suspicion for ureteral injury is necessary during
dissection of the seminal vesicles or prosta-
tovesical junction, particularly in patients with
challenging anatomy that can distort distinguish-
ing landmarks. If an iatrogenic injury is identified
intraoperatively, open series have shown that dis-
tal ureteral injuries are better treated with ureteral
reimplantation rather than primary ureteral repair
[60]. After resection of the distal devitalized
ureteral segment and spatulation, there have been
several case reports describing robotic-assisted
extravesical reimplantation using a running or
an interrupted suture over a double JJ stent [61,
62] (Fig. 18.14). A closed suction drain should
be left in the vicinity of the anastomosis and a
cystogram should be performed prior to catheter
removal. Postoperatively, an unrecognized
injury to an ureteral orifice can present with
decreased urine output, increased drain output,
flank pain, an elevated serum creatinine from
systemic urine reabsorption, or partial outflow
obstruction from transient edema at the bladder

Fig. 18.14 If an iatrogenic ureteral injury is identified
intraoperatively, after resection of the distal devitalized
ureteral segment and spatulation, an extravesical reim-
plant can be performed using a running or an interrupted
suture over a double JJ stent. A closed suction drain should
be left in the vicinity of the anastomosis and a cystogram
should be performed prior to catheter removal
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neck [63]. A renal ultrasound can be performed
to diagnose obstruction in the perioperative
period; if detected, placement of a percutaneous
nephrostomy drain and a subsequent staged
repair is required to avoid disrupting a fresh
anastomosis with a retrograde approach.

Oncologic Outcomes

Margin status is an important independent pre-
dictor of disease recurrence after radical prosta-
tectomy and has been used as a surrogate for
treatment efficacy [64]. While clinical and patho-
logic cancer characteristics are clearly associ-
ated with risk of a positive margin, it has
been demonstrated that as a surgeon’s experience
increases, cancer control after radical prostatec-
tomy improves. In a cohort of more than 7,700
patients undergoing RRP at four institutions over
a 16-year period, Vickers et al. [65] reported a
significant improvement in positive margin rates
when stratified by number of cases performed
(42%, <50 cases versus 11%, >1,000 cases).
Although the learning curve for RALP is acceler-
ated for surgeons already experienced with RRP
(an estimated 12–100 cases) [66], these data are
not trivial, and positive margin rates as high as
45% have been reported in early series [67].
As market forces have guided the adoption and
application of new technology, a growing num-
ber of patients have been exposed to the learning
curve with the potential for inferior oncologic
outcomes.

As in open RRP, the apex of the prostate is
at particular risk for positive margin due to poor
definition of the prostate capsule, avoidance of
the dorsal vein suture, and attempts to maximize
urethral length [68, 69]. Maneuvers described
to reduce apical margin rates include defatting
the prostate over the endopelvic fascia, divid-
ing the puboprostatic ligaments, cold incision of
the DVC, and use of intraoperative frozen sec-
tions [37, 70]. Posterior positive margins due to
errors in creating the plane of dissection between
Denonvilliers’ fascia and the rectum or tumor
extension beyond the capsule and lateral margins

due to overzealous nerve sparing can be avoided
by carefully identifying anatomic planes and
meticulous hemostasis [69]. An anterior bladder
neck margin occurs when the boundary between
the detrusor and the prostate is poorly defined and
recent data have shown that bladder neck mar-
gin rates significantly decrease with cumulative
surgical volume [71].

There is also speculation that an increased cap-
sular incision rate, particularly during posterolat-
eral neurovascular bundle mobilization early in
the learning curve, may artificially inflate posi-
tive margin and extracapsular extension rates in
RALP specimens [72]. Use of fine instruments
and lack of haptic feedback may contribute to
the iatrogenic capsular penetration in this patient
population. While isolated capsular incision into
tumor with otherwise organ-confined disease has
been associated with an increased rate of dis-
ease recurrence in RRP specimens [73, 74], it
remains unclear if an iatrogenic capsular incision
into benign prostate tissue during nerve spar-
ing has any significant impact on long-term
prognosis.

In large series of surgeons with appropri-
ate RALP experience, positive margin rates as
low as 9.4–13% [11, 75] have been reported. In
fact, a recent meta-analysis of 13 studies (3,039
patients) revealed no significant differences in
overall risk or incidence of positive surgical mar-
gin comparing LRP and RALP with open RRP
[76]. Surgeons with extensive experience with
both open RRP and RALP have commented that
the improved visualization, instrument precision,
and reduced blood loss inherent to the robotic
platform provide the opportunity to perform a
better cancer operation compared to open tech-
niques [77].

Unfortunately, prospective clinical trial data
have failed to keep pace with the rapid
dissemination of robotic technology into clinical
practice. Currently it is unclear whether RALP
is superior, equivalent, or inferior to open tech-
niques with regard to cancer control. Until such
data are available, decisions regarding surgical
technique to afford optimal oncologic outcome
will be determined by individual surgeon’s expe-
rience and patient’s preference.
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Functional Outcomes

Comparing minimally invasive and open RRP,
no significant differences have been shown with
regard to incontinence or potency at 1 year
[76]. However, the published literature must be
carefully interpreted, as the majority of avail-
able studies are retrospective single-institution
cohorts utilizing non-validated quality-of-life
(QOL) instruments. In a recent analysis, Burnett
et al. concluded that clinical studies report-
ing erectile function outcomes after localized
prostate cancer treatment demonstrate poorly
interpretable and inconsistent methods of assess-
ment as well as widely disparate rates of erectile
dysfunction [78]. Similarly, although the current
consensus is that return to continence is more
rapid following RALP [79], lack of a standard
postprostatectomy incontinence (PPI) definition
or validated measurement instrument has made
comparison between differing techniques or insti-
tutional experiences challenging.

In the largest retrospective series to date,
Baddani et al. reported an 82% potency rate
in men with normal preoperative erections
(SHIM>22) compared to 77% of men with mild
preoperative erectile dysfunction, with >40%
of men requiring phosphodiesterase-5 inhibitor
(PDE5) therapy. Overall, 93% of men achieved
urinary control at 1 year, defined as wearing ≤1
pad per day, and 82% had absence of any urinary
leakage even on stress maneuvers [11]. Although
these results are certainly encouraging, develop-
ment and uniform distribution of validated QOL
instruments is mandatory to discern differences
between open and minimally invasive techniques.

Continence

Although no standardized definition of PPI exists,
long-term continence data for men undergoing
RALP have been reported. In one series, reported
continence rates, defined as wearing ≤1 pad per
day, were as high as 95% at 3 months [66].
Similar to RRP and LRP, continence rates tend to
increase throughout the follow-up period, and at

12 months, continence rates as high as 84–98%
have been reported [80, 81]. Although compar-
ative data are limited, RALP appears to result
in earlier return to continence compared to RRP
[79] and LRP [82].

A mechanism to explain improved conti-
nence rates following RALP has not been fully
delineated, but key factors appear to be min-
imal disturbance to the urethra and surround-
ing musculature and a tension-free urethrovesical
anastomosis. Suggested technical modifications
to improve continence include preservation of
urethral length and varying degrees of anterior
and posterior reconstruction. Tewari et al. [83]
described a technique for preserving the pubopro-
static collar and reported 95% continence rates
at 4 weeks following catheter removal. Likewise,
Patel et al. [75] reported excellent continence
results utilizing a suspension suture between the
urethra and the pubic symphysis. More recently,
Rocco et al. [42] reported excellent short-term
continence rates with restoration of the posterior
aspect of the rhabdosphincter. In general, most
robotic surgeons now employ one or a combi-
nation of modifications including preservation of
the puboprostatic ligaments, suspension of the
urethra and ligaments to the posterior pubis, and
reconstruction of the posterior striated sphincter.
Prospective evaluation of continence with stan-
dardized data collection techniques is needed to
determine if there is any true benefit to these
modifications.

Potency

Despite refinement of nerve-sparing technique
to minimize local trauma and thermal injury,
sexual outcomes remain widely variable fol-
lowing radical prostatectomy, and recent data
have emerged demonstrating that clinically sig-
nificant improvement in potency can occur
beyond 2 years following RRP [84]. Factors
influencing outcomes include differences in pre-
operative characteristics, patient age, baseline
erectile function, surgeon’s experience, surgical
technique, and sparing of neurovascular struc-
tures [85]. Single-institution data using validated
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QOL instruments have recently become avail-
able and report 90% potency at 2 years post-
RALP; however, only 46% of patients returned
to baseline function. Further, there were no sig-
nificant differences between unilateral and bilat-
eral nerve-sparing procedures. These data indi-
cate that there is still considerable room for
modification and improvement in nerve-sparing
techniques [86].

The “veil of Aphrodite” (antegrade high fas-
cial release) technique developed by Menon et al.
and cautery-free dissection have been widely
accepted and incorporated into clinical practice
to minimize neurapraxia and traction injury dur-
ing dissection of the neurovascular bundles [24].
It is important to note that the initial series incor-
porating these modifications did not report a
significant increase in positive apical margin rates
despite preservation of the prostatic fascia [87,
88]. Despite advances in the understanding of
pelvic neurovascular anatomy, the contribution of
accessory pudendal arterial branches and nervous
tissue adjacent to the seminal vesicles to potency
is purely speculative at this point and clinical
outcomes data are lacking [89]. It remains to
be seen if more experimental techniques includ-
ing regional hypothermia and hydrodissection
will translate into clinically significant improve-
ment of potency outcomes. As with continence,
prospective data collection with standardized val-
idated QOL instruments is needed to determine
whether improved visualization and preservation
of neurovascular anatomy with the robotic plat-
form provides any advantage with respect to
long-term potency outcomes compared to con-
ventional RRP or LP.

Bladder Neck Contracture

While bladder neck contracture (BNC) has been
reported to occur in 6–15% of men undergo-
ing open RRP [90], a significantly decreased
incidence has been reported in men undergo-
ing minimally invasive prostatectomy [91]. While
follow-up is extremely limited, the reported inci-
dence of BNC in large series of patients under-
going RALP is currently 0–2% [91–93]. The

sequence of events contributing to stricture of
the urethrovesical anastomosis is unclear, but
potential technical and clinical factors impli-
cated include urinary leakage, previous prostate
surgery (TURP), operative technique, indwelling
catheter duration, type of anastomotic suture,
excessive luminal narrowing, failure of anasto-
motic approximation, excessive blood loss/pelvic
hematoma, and anastomotic tension or ischemia
[94].

Although controversial, it has been postulated
that bladder neck “stomatization” during RRP
(tennis racquet reconfiguration and eversion of
the bladder neck mucosa), and not urinary leak-
age, may result in increased tissue ischemia and
fibrosis resulting in increased contracture rates
[91, 92]. While the optimal urethrovesical clo-
sure involves creating a watertight, tension-free
anastomosis with mucosal apposition and correct
realignment of the urethra, mucosal eversion may
not in itself be necessary to produce a watertight
anastomosis [95]. Whether bladder neck recon-
figuration/mucosal eversion exacerbated by anas-
tomotic defects and urinary extravasation plays
a role in the development of BNC has not been
established. However, it has become increasingly
evident that these factors can be avoided using
the robotic platform, and it will be interesting to
see if these technical adjustments will translate
into a reduced rate of BNC following RALP with
long-term follow-up.

Conclusions

Compared to RRP, RALP offers the same
advantages of minimally invasive surgery as
LRP, including enhanced visualization, decreased
bleeding and transfusion rates, shorter hos-
pital stay, and faster recovery [79, 96, 97].
Early pathological outcomes are comparable to
RRP and LRP with acceptable positive mar-
gin rates; however, long-term cancer control
results are still maturing. With 1- and 2-year
follow-up data available, continence and potency
results appear equivalent to RRP and LRP, and
with further technical modifications, RALP may
ultimately prove to be superior. As market
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forces continue to drive the adoption and uti-
lization of robotic technology, cost remains
a matter of debate at the present time. For
surgeons experienced with open RRP tech-
niques, the learning curve of robotic prostate-
ctomy is overcome more quickly compared to
LRP, and with increasing experience, challeng-
ing anatomy and previous prostate surgery are
no longer contraindications for a robotic-assisted
approach.

Critical Operative Steps

1. Proper port placement is essential to maxi-
mize working space, prevent contact between
instruments, and complete the critical por-
tions of the operation, including ligation of
the dorsal venous complex and urethrovesical
anastomosis.

2. During apical dissection and ligation of the
dorsal venous complex, minimizing dissection
of periurethral attachments and puboprostatic
ligaments may improve early return of conti-
nence.

3. Maneuvers such as manipulating the Foley
catheter balloon or bimanual compression
(“bladder neck pinch”) can be utilized to iden-
tify the prostatovesical junction and facilitate
bladder neck transection with negative mar-
gins in an avascular plane.

4. With anterior retraction of the vasa deferen-
tia and seminal vesicles, posterior prostatic
dissection should be performed by incising
Denonvilliers’ fascia and developing the plane
between the prostate and the anterior rec-
tum until the apex of the prostate is reached.
This ensures sufficient tissue coverage over
both the prostate specimen and the rectum
and ensures adequate exposure for obtaining
control of the lateral vascular pedicles.

5. For neurovascular bundle mobilization, the
plane between the prostatic fascia and the cap-
sule of the prostate is entered using sharp
dissection only and the neurovascular bundles
are dissected free in either an antegrade or a
retrograde manner.

6. Posterior reconstruction of Denonvilliers’
musculofascial plate (“Rocco stitch”) and per-
ineal pressure facilitate performance of a
running watertight urethrovesical anastomo-
sis, which in contemporary practice rarely
requires placement of a closed suction drain.

7. Bladder neck reconstruction is rarely
required prior to performing the ure-
throvesical anastomosis, but if necessary,
the remaining open bladder neck can
be reconstructed with running or inter-
rupted sutures in a “reverse tennis racquet
technique.”

Critical Instruments and Supplies

1. Detailed pathologic and clinical staging infor-
mation as well as baseline sexual health char-
acteristics to guide decisions regarding nerve
sparing.

2. Reliable preoperative transrectal ultrasound
information to document prostate size and
anatomic characteristics such as the presence
of a median lobe to guide operative dissection.

3. Reliable bedside assistants and experienced
operating room staff are essential to ensure
smooth transitions between procedural steps.

4. da Vinci robotic platform (Intuitive Surgical,
Sunnyvale, CA, USA)—advantages include
high-definition stereoscopic visualization and
enhanced dexterity (EndoWristTM technol-
ogy), allowing the ability to perform precise
suturing for reconstruction.

5. Gyrus PlasmaKinetic (PK) Bipolar Grasper
(Gyrus ACMI, Southborough, MA, USA)—
Electrosurgical device utilizing high-powered
pulsed bipolar energy that is designed to oper-
ate at temperatures that allow effective tis-
sue dissection but result in minimal collateral
damage and adherence to tissue.

6. MicroFrance Johann Forceps (Surgical
Instrument Group Holdings, Ltd., Croydon,
England)—5-mm rigid grasping instrument
with a 20-mm fenestrated jaw provides
reliable atraumatic retraction by the bedside
assistant during prostatic dissection.
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7. Lapra-Ty Clip (Ethicon Inc., Somerville, NJ,
USA)—Polydioxanone suture clips that are
useful as a substitute for knot tying during
running suture for bladder neck and mus-
culofascial reconstruction. The use during the
urethrovesical anastomosis is avoided as per
surgeon’s preference due to the risks of clip
migration and stone formation.

8. Weck Hem-o-lok R© Ligation System (Teleflex
Medical, Research Triangle Park, NC,
USA)—Flexible non-absorbable polymer
locking clips that can be utilized by the
surgical assistant through a 12-mm port
during ligation of the lateral prostate vascular
pedicles.
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Introduction

Natural orifice translumenal endoscopic surgery
(NOTESTM) and laparoendoscopic single-site
surgery (LESS) are exciting new developments in
the evolution of minimally invasive surgery with
potential application to urologic reconstructive
surgery. Both represent a natural progression of
laparoscopic surgery with ever fewer and smaller
incisions and each shares common challenges.
NOTESTM as a concept offers the potential for
surgery without any transcutaneous abdominal
incisions. LESS appears to offer a natural inter-
mediate step toward a NOTESTM approach and
may prove more practical for many applications.
LESS may be described as a laparoscopic pro-
cedure with a single cutaneous incision through
which multiple trocars or ports are placed. The
advantages of either approach relative to standard
laparoscopy will need to be established. There are
rapid technological advances that are propelling
both approaches forward, making an exhaus-
tive description of the techniques and equipment
unfeasible. Each approach will ultimately need
to demonstrate advantages and will require suf-
ficient acceptance in the surgical community to
be commercially viable for industry.

L. Ponsky (�)
Division of Orologic Oncology, Department of Urology,
Center of Urologic Oncology and Minimally Invasive
Therapies, University Hospitals Case Medical Center,
Cleveland, OH, USA
e-mail: lee.ponsky@uhhospitals.org

Potential Benefits of NOTESTM

and LESS

An obvious benefit of LESS is potential for
improved cosmesis with fewer and possibly
smaller scars, even a nearly invisible scar if
performed at the umbilicus. Theoretically, there
may be reduced pain as well. Potential bene-
fits of NOTESTM (in addition to cosmesis) could
include reduced surgical site infections; reduced
incidence of hernias at incision sites; reduction of
adhesions (which could in turn reduce incidence
of small bowel obstructions); reduced pain; and
the possibility of performing procedures without
anesthesia, even outside the operating room [1,
2]. Finally, it could be beneficial in certain patient
populations, such as morbidly obese individuals,
for whom internal organs might be more easily
reached translumenally than via a transabdominal
approach [1].

Technical Challenges of NOTESTM

and LESS

A surgical principle of traditional laparoscopy
is a requirement for triangulation of instru-
ments and the scope. As typically practiced,
both LESS and NOTESTM (unless using a mul-
tiple orifice approach) face challenges of coax-
ial instrumentation. With coaxial instrumenta-
tion, the scope and instruments are in the same
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working plane, which can limit perspective.
Urologists are already familiar with this situa-
tion in the setting of transurethral surgery and
endourology procedures of the upper urinary
tract. However, these typically do not involve
more than a single working instrument, as may
be required for many NOTESTM and LESS pro-
cedures. Strategies for overcoming coaxial limi-
tations are detailed later and include articulating
instruments, novel platforms, and port devices,
magnetic instruments [3], and potentially intra-
corporeal robotic platforms or “microrobots” [4].

Because of the similarities to traditional
laparoscopy, we begin our discussion with LESS.

Laparoendoscopic Single-Site
Surgery (LESS)

Nomenclature

Nomenclature for laparoscopy involving a single
incision has been a source of both confusion and
controversy. Terms and acronyms used in the lit-
erature have included SPA (“single-port access”),
SILS (“single-incision laparoscopic surgery”),
SAS (“single-access surgery”), OPUS (“one-
port umbilical surgery”), and numerous others.
Some have contended that the umbilicus repre-
sents an “embryonic natural orifice” and have
proposed the term E-NOTESTM (with the “E”
designating “embryonic”) [5]. In an effort to
reduce the confusion, there has been a desire
to unify behind a single term that can be used
across disciplines. The term “LESS” (laparo-
scopic endoscopic single-site surgery) was pro-
posed by an interdisciplinary group of surgeons
that formed a new organization called LESSCAR
(Laparoendoscopic Single Site Consortium for
Assessment and Research), which was mod-
eled after NOSCARTM, a group that pro-
motes research into NOTESTM. The Urology
NOTESTM & LESS Working Group of the
Endourological Society in turn adopted “LESS”
as the preferred description for laparoscopic
surgery involving only a single transabdominal
incision for publications in the field of Urology.

This term can be amended with various modifiers,
e.g., “U-LESS” for LESS using an umbilical
incision. Finally, they clarified that “whether the
surgery is performed via a single incision with
multiple ports, a multi-channel port, or several
small incisions grouped in one location, these
procedures should probably be considered equiv-
alent and included in LESS” [5].

Development of LESS

The first laparoscopic cases were diagnostic pro-
cedures, beginning with the initial report for
peritoneoscopy in the canine by Georg Kelling
in 1901 [6]. As such, these required only a
single incision. However, the concept of single-
incision laparoscopy implies therapeutic inter-
ventions, rather than simply diagnostic perito-
neoscopy. Until relatively recently, most thera-
peutic procedures have required insertion of sep-
arate instruments through additional incisions in
order to obtain triangulation. A notable exception
is the description of laparoscopic female ster-
ilization by Wheeless, who reported thousands
of cases of bilateral partial salpingectomy using
a single small incision beginning in 1969 [7].
Subsequent procedures described include hys-
terectomy (1991), appendectomy (1992), chole-
cystectomy (1997), ovarian cyst removal (2001),
salpingectomy for ectopic pregnancy (2005),
peritoneal dialysis catheter placement (2005),
and Meckel’s diverticulectomy (2007) [8].

Although Sanchez de Badajoz can be cred-
ited with the initial single-access hand-assisted
laparoscopic nephrectomies in 2006 [9], the first
reported purely laparoscopic single-access ther-
apeutic procedures in urology were by Rane
et al. in 2007 with a description of pyelo-
plasty, orchiopexy, orchiectomy, ureterolitho-
tomy, and simple nephrectomy using an ASC
Tri-Port device (Applied Surgical Concepts,
Wicklow, Ireland) [10]. Subsequent LESS pro-
cedures using single-access combination ports
in humans have included radical prostatectomy
[11], simple prostatectomy with a transvesical
access [12], varicocelectomy [13], pyeloplasty
[14], adrenalectomy [15], renal cryoablation
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[16], sacrocolpopexy [17], and wedge kid-
ney biopsy [17]. A series of U-LESS donor
nephrectomies was reported by Gill et al. [18].
Desai et al. [19] reported a LESS technique
for bilateral Anderson–Hynes pyeloplasties (two
patients), ileal ureter, and ureteroneocystostomy
with psoas hitch, each using a single umbili-
cal incision (between 1.5 and 3 cm). Finally,
Raman et al. reported a series of 11 LESS
nephrectomies in a case–control study comparing
this approach to standard laparoscopic nephrec-
tomy. Of note, in this study there were no
significant differences in operative time, com-
plications, change in post-operative hemoglobin,
requirements for pain medications, or hospital
stay. However, a lower intraoperative blood loss
(20 ml vs. 100 ml) was reported in the LESS
group [20].

Equipment for LESS

Scope Innovations for LESS

Initial LESS procedures primarily used exist-
ing laparoscopic and endoscopic equipment. As
noted, Sanchez de Badajoz [9] performed single-
trocar hand-assisted nephrectomies, albeit with
blind stapling of the hilum in 2006 in 74 patients.
Raman et al. [21] described a LESS nephrectomy
using three standard traditional laparoscopic tro-
cars inserted adjacent to each other at the umbili-
cus. Ponsky et al. reported the initial use of a
standard GelPortTM (Applied Medical, Rancho
Santa Margarita, CA) with three trocars inserted
through the gel port to perform a LESS radical
nephrectomy with standard laparoscopic instru-
ments (Fig. 19.1). This approach is well suited
to patients with renal malignancy requiring intact
specimen extraction [22].

The development of improved laparoscopic
cameras, as well as articulating instruments,
helps to overcome coaxial limitations and “sword
fighting” of instruments [22]. Notable advances
in laparoscopic scopes include reduced size
and deflectable tips. The EndoEyeTM (Olympus)

Fig. 19.1 GelPortTM with standard trocars and instru-
ments, used for a LESS nephrectomy

Fig. 19.2 Deflectable tip of 5-mm laparoscopic camera.
Image courtesy of OlympusTM

(Fig. 19.2), for example, is a 5-mm scope
that has a digital chip at the deflectable tip
that allows for a wider field of view [15].
Examples of articulating instruments include
grasping devices such as AutonomyTM Laparo-
angleTM (Cambridge Endo, Framingham, MA)
and RealHandTM (Novare Surgical Systems,
Cupertino, CA) [23]. Cambridge Endo claims full
articulation, seven degrees of freedom, and both
rotatable tips and handles for their AutonomyTM

series of instruments, which also include articu-
lating scissors, hook cautery, and needle drivers.

The combination port device is a multi-
ple instrument access port that typically will
accommodate a scope and 2–3 additional instru-
ments, and was specifically designed for LESS
procedures. A growing number of reports are
describing this type of access device, pro-
duced by several manufacturers, for a variety
of procedures. Much of the initial published
work used the ASC TriportTM (also referred
to as the R-Port) (Figs. 19.3, 19.4, and 19.5)
or the Uni-XTM Single Port Access (Pnavel
Systems, Morganville, NJ). The AirSealTM sys-
tem (SurgiQuest, Orange, CT) also allows multi-
ple instruments simultaneously through a single
trocar.
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Fig. 19.3 TriportTM used in procedure at our institution

Fig. 19.4 QuadPortTM intended for LESS procedures
(2.5–6.5 cm incisions). Image courtesy of OlympusTM.
©2009 Olympus Medical Systems Corp. All rights
reserved

Fig. 19.5 TriPortTM intended for LESS procedures (as
small as 1.5 cm). Image courtesy of OlympusTM. ©2009
Olympus Medical Systems Corp. All rights reserved

The da Vinci robotic platform (Intuitive
Surgical, Sunnyvale, CA) has been adapted to
LESS as well. Desai et al. [24] first described the
use of the robot for transvesical radical prostate-
ctomy in a cadaveric model. Subsequently, this
group has performed robotic procedures using
a gel port device to perform pyeloplasty, radi-
cal nephrectomy, and partial nephrectomy [25].
Newer generations of robots with flexible intra-
corporeal components could allow for more
closely approximated instruments and smaller
incisions.

Because of the overlap of some developing
technologies for NOTESTM and LESS, discus-
sion of future technologies such as intracorporeal
devices will be deferred to later in this chapter.

Incisions for LESS

The “optimal” location of the single incision
used for procedures is a current area of dis-
cussion, especially for cases requiring removal
of a specimen. Previously described extraction
sites that can be used for LESS radical nephrec-
tomy include paramedian [22], umbilical [21] and
Pfannenstiel [26] incisions, or a colpotomy [27].

The paramedian incision has been success-
fully used for LESS radical nephrectomy [22]
and may be a reasonable transition access site
for the novice to LESS. A notable disadvantage
is a prominent scar compared to other extrac-
tion sites. Paramedian extraction sites may also
have a higher risk of incisional hernias relative to
umbilical and Pfannenstiel incisions [28].

As noted above, umbilical incisions for LESS
have potential to be nearly scarless and may be
particularly well suited to procedures such as
pyeloplasties. The umbilical access is currently
the best described access point for various pro-
cedures, including nephrectomies [18]. However,
for extirpative procedures such as nephrectomies,
a limitation is possible need to enlarge the inci-
sion to the detriment of the cosmetic result.
In the case of donor nephrectomy, attempts to
remove the kidney through too small of an inci-
sion at the umbilicus could potentially injure the
kidney.
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Our group has recently described a
Pfannenstiel approach for both LESS radi-
cal nephrectomy and LESS nephroureterectomy
which could be a reasonable alternative to the
trans-umbilical technique. This approach offers
excellent cosmesis even should the incision have
to be extended for specimen removal, as it lies
below the waistline typically covered by pubic
hair. Other potential advantages may include
reduced pain and possibly lower risk of incisional
hernia [26].

Finally, Gill et al. [27] described the initial use
of a colpotomy for removal of the kidney speci-
men during standard laparoscopic nephrectomies
in 2002, a method that can easily be applied to
LESS procedures. Transvaginal incisions will be
discussed further in the section on NOTESTM, but
clearly use of this natural orifice would have the
advantage of no cutaneous scars secondary to the
extraction.

As a final comment, there is definitely a steep
learning curve for LESS procedures. Experienced
laparoscopists who would like to attempt LESS
would be advised to plan from the onset of the
case to convert to standard laparoscopy until
comfortable with the new approach.

Natural Orifice Translumenal
Endoscopic Surgery (NOTESTM)

Natural orifices include the vagina, oral cavity,
nares, urethra, and rectum. There is a long history
of use of natural orifices for surgery. It should
not be forgotten that the ancient Egyptians can
be credited with the earliest use of a natural ori-
fice access for cosmetic extraction of organs from
cadavers, in this case transnasal removal of brain
tissue. In the fifth century BC, the Ancient Greek
scholar Herodotus described the Egyptian prac-
tice: “[T]he workmen, left alone in their place,
embalm the body. If they do this in the most
perfect way, they first draw out part of the
brain through the nostrils with an iron hook,
and inject certain drugs into the rest.” [29].
Transsphenoidal surgery using access through

the nares was then adapted early in the twenti-
eth century for therapeutic procedures, although
the approach gained popularity with the devel-
opment of the endoscope [30]. Urologists have
used the urethra for access to the bladder, ureters,
or renal pelvis for well over a century. General
surgeons and gastroenterologists have used both
the oral cavity and the rectum for treatment of
disorders of the alimentary tract. Gynecologists
have likewise used the vagina for access to the
uterus and for culdoscopy, as well as for vaginal
hysterectomy.

Definition and Nomenclature

NOTESTM is defined by the Urology NOTESTM

& LESS Working Group as a “surgical procedure
that utilizes one or more patent natural orifices of
the body with the intention to puncture a hollow
viscera in order to enter an otherwise inaccessible
body cavity.” The term implies the use of endo-
scopic/laparoscopic equipment with insufflation
of a cavity. By the new convention adopted by
the urology working group, “NOTESTM” with-
out any prefix or modifier indicates no cutaneous
incisions. This was to eliminate the term “pure
NOTESTM.” According to this group, “the use
of a transabdominal port should not be consid-
ered incompatible with NOTESTM but instead
should be considered as part of the progression
in the development of this technique.” Therefore,
the term “Hybrid NOTESTM” is recommended
for any procedure where more than 75% of the
procedure is performed with instruments inserted
through the natural orifice [31].

Development of NOTESTM

The access of NOTESTM to the abdomen and
the retroperitoneum has been described using
incisions in the vagina, bladder, colon, and stom-
ach. Gettman et al. [32] described perhaps the
initial experience for translumenal surgery with
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a pure transvaginal nephrectomy using endo-
scopic equipment in a porcine model in 2002. The
actual term NOTESTM, and subsequent growth
of interest for these procedures, followed the
work of Kalloo et al. [33] with transgastric pro-
cedures beginning with peritoneoscopy and liver
biopsy. The organization NOSCARTM (“Natural
Orifice Surgery Consortium for Assessment
and Research”) was established to promote
research into this field and trademarked the term
NOTESTM. One of the significant contributions
of this group was to attempt to anticipate the
barriers to natural orifice surgery in a systematic
manner in a 2006 White Paper. These challenges
included access to the peritoneal cavity, closure
of the access, maintenance of spatial position and
orientation, anastomotic and suturing devices,
and control of hemorrhage [34]. There has sub-
sequently been an explosion of interest in this
approach within various surgical specialties.

NOTESTM in Urology

Most of the work to date for NOTESTM proce-
dures has been in the laboratory, although there
is now an increasing experience with Hybrid
NOTESTM procedures in humans. There is a
growing experience of NOTESTM procedures
in Urology using animal and cadaver models.
NOTESTM nephrectomies have been reported in
the porcine model using transvaginal access [32],
combined transvaginal and transgastric access
with transvaginal extraction [1], and combined
transvesical and transgastric approaches (the lat-
ter without extraction) [35]. Both transurethral
and transgastric partial cystectomies have been
described by our group in a porcine model
[36–38]. Transgastric partial nephrectomy was
reported in abstract form in the porcine model
using a thulium laser inserted through a gastro-
scope [39]. Transurethral radical prostatectomy
including vesicourethral anastomosis was also
described in a cadaver model [40].

In humans, urologic experience with
NOTESTM has been limited to hybrid pro-
cedures and transitional procedures that do not

fully qualify as NOTESTM. Branco et al. [41]
described a transvaginal nephrectomy for benign
renal disease using two 5-mm transabdominal
trocars in 2007. Allaf et al. recently reported
a hybrid transvaginal donor nephrectomy with
three transabdominal incisions (one at the umbili-
cus) in January 2009 [42]. Ribal Caparros et al.
[43] published a report of a hybrid transvaginal
nephrectomy for renal cell carcinoma in March
2009. This procedure involved two transabdom-
inal ports (a 12- and a 5-mm port). These three
reports could actually be considered precursors
to hybrid NOTESTM, as the instruments were
primarily used through the transabdominal tro-
cars and not through the orifice. Sotelo et al. [44]
subsequently described a nephrectomy (also for
renal malignancy) using multiport accesses both
transvaginally and umbilically, which also repre-
sents a significant step toward hybrid NOTESTM.
Probably the closest to an actual transvaginal
NOTESTM urologic procedure to date was the
description by Kaouk et al. of a transvaginal
hybrid NOTESTM radical nephrectomy, assisted
by only a single transabdominal 5-mm trocar
(for visualization and retraction). This group
used a GelPort in the vagina for manipulation
and visualization and most of the procedure was
performed transvaginally [45]. This represents an
important milestone toward the ultimate goal of
an entirely transvaginal NOTESTM nephrectomy.

Transvesical peritoneoscopy using a
transurethrally inserted ureteroscope has also
been reported in a patient in conjunction with
a radical prostatectomy procedure [46]. This
represents the initial evaluation of transves
ical scopes in humans as a precursor to transvesi-
cal NOTESTM. We are not aware of any urologic
applications of transgastric or transcolonic
NOTESTM procedures in human patients to date.

Managing Coaxial Limitations

The lack of triangulation with single-access
points has required strategies for compensat-
ing. For LESS, this has largely involved use of
articulating instruments and cameras. NOTESTM
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procedures generally have even more limitations,
given that the instruments must be small and
sufficiently flexible to allow insertion through
a scope. One method is a combined orifice
approach. Described examples include com-
bined transgastric and transvaginal nephrectomy
[1] and combined transgastric and transvesi-
cal nephrectomy without extraction [35]. A
combined approach carries a potential cost of
increased morbidity, a larger team, and increased
complexity of cases. An alternative is develop-
ment of new platforms that will be more adapt-
able than conventional scopes.

Scopes and Equipment

Conventional Scopes

Early work in NOTESTM has principally relied
on existing conventional endoscopic equipment,
especially standard gastric endoscopes, although
prototype scopes have been developed. Flexible
scopes are required for access to the stomach and
have significant advantages within the abdomi-
nal cavity, including ability to maneuver and even
retroflex for procedures. However, this flexibil-
ity comes at significant cost including difficulties
maintaining a given spatial position, easy disori-
entation (especially in retroflexion), poor force
transmission (e.g., driving needles into tissue),
and coaxial limitations. Additional factors to con-
sider include scope sizes. For example, the size
limit for transurethral access is probably less than
30 Fr. Size of the scope impacts the size of
potential instruments, the number of simultane-
ous instruments, and the strength of illumination
of the abdominal cavity. These limitations have
already spurred industry to produce prototype
scopes that address some of these issues.

New Scope and Platform Innovations
for NOTESTM

NeoGuide Systems (San Jose, CA) produces the
NeoGuide Endoscopy SystemTM colonoscope

which has 16 separate articulating segments each
controlled by a computer. While intended for
colonoscopy to allow smooth maneuverability
around the flexures of the colon, this concept
has promise for application to scopes used in
NOTESTM procedures [47].

A proposed solution is to have a flexible
scope that can lock into a fixed configura-
tion. USGI Medical has produced the CobraTM

and ShapeLockTM prototypes and Olympus has
described an “M” Scope that has ability to lock
configurations [48, 49].

A more radical development has been novel
platforms. A frequently described prototype plat-
form is the Olympus R-ScopeTM (Fig. 19.6),
which has elevators at the tips which move
in both vertical and horizontal planes and has
two articulating sections. The USGI TransportTM

(Fig. 19.7) is an FDA-approved platform with
two 6-mm and two 4-mm channels that can
lock even in a retroflexed position with inde-
pendent maneuverability of the scope’s tip. It
also has ability to meter insufflation pressure
(Fig. 19.8). Other concepts include multiple
armed devices such as USGI’s CobraTM (with
three arms that can move independently) [48];
Olympus’ EndoSamurai (see Fig. 19.9); and
Hansen Medical’s ViaCathTM (Mountain View,
CA) prototype which has attached robotic arms
that can articulate [49]. The platforms created to
date are primarily applicable to transgastric and
transvaginal procedures, given their overall size.

Fig. 19.6 Transvesical peritoneoscopy with rigid cysto-
scope in porcine model (illumination from cystoscope)
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Fig. 19.7 TransportTM system. Images courtesy of USGI
MedicalTM

Fig. 19.8 The EndoSamuraiTM prototype. Images cour-
tesy of Olympus. ©2009 Olympus Medical Systems Corp.
All rights reserved

Accesses

Transvaginal

The field of gynecology has been using a
transvaginal approach for open surgery for many
years. This orifice is very promising as a conduit
for insertion of endoscopic instruments and cam-
eras, given the relative ease of access. The origi-
nal laboratory report of transvaginal nephrectomy
by Gettman described the use of either a flexible
cystoscope or a 5-mm laparoscope for visualiza-
tion. An advantage of the vagina for extirpative
procedures is potential for using the colpotomy
for specimen extraction, e.g., the kidney [27].
The colpotomy is typically closed easily under
direct vision with little morbidity or discom-
fort [50]. Indeed, the vast majority of initial
clinical reports have used a hybrid transvaginal
NOTESTM approach (including hybrid transvagi-
nal NOTESTM cholecystectomy) [50]. An obvi-
ous disadvantage is its limited applicability to
50% of the population [51]. There also remain
concerns about dyspareunia and leakage and
patient positioning would need to be optimized.

Transgastric

Kalloo et al. [33] used a transgastric approach
in their initial porcine studies that popularized
the technique. Reddy and Rao described the

Fig. 19.9 Olympus R-ScopeTM prototype. Images courtesy of Olympus. ©2009 Olympus Medical Systems Corp. All
rights reserved
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use of a transgastric approach for appendec-
tomy in patients, although their work remains
unpublished [34]. While there is significant inter-
est in this approach, there remain significant
questions of safe access and closure, especially
given difficulties in sterilizing the stomach. This
remains one of the most significant challenges for
adapting transgastric surgery to humans. There
have been various experimental closure devices
used, including endoscopic clips and novel tissue
approximation devices.

Transvesical

A significant advantage of a transvesical access
is the relative sterility of urine, but the relatively
small size of the orifice has limited investiga-
tions to date [46]. Early descriptions of transvesi-
cal access have included use of a ureteroscope
through a 5.5-mm transvesical port in a porcine
model by Lima et al. Use of such a small
scope does not necessarily require closure in
their experience [52]. Gettman and Blute [46]
described transvesical peritoneoscopy in a patient
using a ureteroscope. Our group has used both
pediatric gastroscopes and rigid cystoscopes in
the laboratory for transvesical peritoneoscopy in
the porcine model, using the insufflation chan-
nel to maintain pneumoperitoneum [53]. An
advantage is ability to use standard endoscopic
equipment in the two working channels. A sig-
nificant constraint for transvesical use is the
relatively short length of current rigid scopes.
On the other hand, other scopes either are too
large to accommodate the urethra (e.g., standard
gastric endoscopes); may have inadequate chan-
nel size for effective instrumentation; or have
insufficient number of channels (e.g., pediatric
gastroscopes and ureteroscopes) [54, 55]. Finally,
safe and reliable closure of a vesicotomy will
need to be established for larger bladder defects.
Historically, this has required an open surgical
treatment intervention in the setting of bladder
perforations. A reliable endoscopic alternative
method for repairing the vesicotomy would be
necessary. Several such suggestions have been

advocated. Lima’s group described intravesical
endoscopically applied sutures in the porcine
model [56]. Our group has described use of stan-
dard endoscopic clips for closure also in a chronic
porcine model [38, 55]. To urologists, this access
site holds particular interest raising questions
of the role urologists should have in transvesi-
cal approaches for non-urologic procedures and
subsequent management of any complications.

Transcolonic/Transenteric

A transcolonic access has a potential advantage
of size for scopes with the rectum tolerating rea-
sonably large instruments. However, this access
could be one of the most potentially controver-
sial, given the high bacterial load of the colon and
potential for infection with introduction of fecal
matter into the peritoneum. A reliable method for
thorough cleansing of the bowel contents would
seem obligatory. Animal studies to date have
included transcolonic cholecystectomy, ventral
hernia repair, and distal pancreatectomy [57].

Pneumoperitoneum

Pneumoperitoneum can be established relatively
easily with gastric endoscopes or even uretero-
scopes [52]. However, conventional scopes have
limited ability to regulate pressures, and the
working channel of smaller scopes can limit
gas flow and insufflation. Reasonable approaches
to address this include using a transabdomi-
nal insufflation needle or a novel platform that
includes a pressure regulation device.

Endoscopic Instruments

NOTESTM procedures will require optimization
of equipment to allow retraction, cutting, retrieval
of specimens, tissue approximation, and closure
of access defects. Endoscopic devices necessar-
ily must be smaller than standard laparoscopic
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instruments and typically must also have flexibil-
ity to fit within a scope. Articulating endoscopic
instruments could also be advantageous.

Our group has used primarily needle knife
electrocautery and wire snare electrocautery for
intracorporeal incisions of tissue, with relatively
little success with existing flexible endoscopic
scissors. Manipulation of tissues can be effected
with various grasping devices such as endoscopic
forceps. Additionally, endoscopic loop devices
can be used to hold tissues for excision, such as
bladder specimens, and even to seal defects, such
as the bladder (Fig. 19.10) [38].

Retrieval devices that can safely hold a speci-
men are also necessary instruments for many pro-
cedures. Various devices that are currently used
for endoscopic procedures (e.g., to entrap polyps
and foreign bodies of the GI tract) have been

Fig. 19.10 Transgastric partial cystectomy: endoscopic
loops seal both bladder specimen and remaining bladder
in porcine model

adapted to NOTESTM. These include the Roth
NetTM (US Endoscopy, Mentor, OH) and the
Nakao SpiderNetTM retrieval device (ConMed
Endoscopic Technologies, Utica, NY) [49, 58].

Approximation of tissue is an extremely
important concern for reconstructive procedures.
This issue is of paramount importance for
NOTESTM to be viable, given the need to
close the visceral access in most cases. An
early prototype described frequently in the lit-
erature is the Eagle ClawTM (Olympus, Tokyo,
Japan). An experimental flexible-shafted sta-
pling device for NOTESTM procedures is the
iNOLCTM (intelligent Natural Orifice Linear
Cutter, Power Medical Interventions, Langhorne,
PA). Endoscopic clips have been described for
both closure of gastrotomies and full-thickness
bladder defects [53, 59]. Some more sophisti-
cated clips have the ability to rotate and to open
and close multiple times, e.g., the ResolutionTM

clip (Boston Scientific, Natick, MA). Other endo-
scopic suture devices include the T-tagTM system
(Ethicon), g-ProxTM device (USGI Medical, San
Clemente, CA) (Fig. 19.11), the T-tagTM system,
and Tissue Approximation System, or TASTM,
(Ethicon), the NDO Surgical PlicatorTM (NDO,
Mansfield, MA), and Endo StitchTM (Covidien,
Mansfield, MA) [49, 59, 60].

Internalized Instrumentation
(NOTESTM and LESS)

Until recently, laparoscopic and endoscopic
instruments have required continuity with an
external part. A new paradigm is the use of inde-
pendent internalized instruments. Two concepts

Fig. 19.11 The g-ProxTM tissue applicator. Images courtesy of USGI MedicalTM
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deserve particular mention, namely magnetic
instruments and miniature internalized robots or
“microrobots.”

Magnetic Instrumentation

Cadeddu et al. have described a novel and excit-
ing use of magnetic instrumentation. Their “mag-
netic anchoring and guidance system” (MAGS)
allows internalized instruments to be introduced
through a single incision and then controlled
extracorporeally with use of an external electro-
magnetic coupling device. Devices that have been
used include graspers, cautery instruments, and a
camera. This system was first successfully imple-
mented for laboratory transvaginal NOTESTM

nephrectomy and cholecystectomy and for LESS
nephrectomy. Subsequently, there has been a
successful clinical report of a LESS nephrec-
tomy using a magnetically anchored camera. A
challenge with these devices is the distance of
the internal device from the external coupler,
which would be potentially problematic for obese
patients [3, 51, 61–63]. Nevertheless, this is a
promising technology and has already been used
clinically for a LESS nephrectomy [63].

Miniature Intracorporeal Robotics

Two prototype miniature robotic cameras were
used to aid laparoscopic prostatectomy in a
canine model. These are both remotely controlled
and able to be inserted through a 15-mm incision.
One prototype has a crawler function that gives
the camera intracorporeal mobility. The other is
stationary but has pan and tilt functionality that
permits a 360◦ view of the abdomen but is rela-
tively bulky (approximately 8 cm × 3 cm). The
camera provides additional reference points to
the surgeon. These prototypes do have significant
limitations including size, inability to self-clean
the lens, tethering of the device to external power,
and need for a separate assistant to drive the cam-
era [4]. Rentschler et al. used miniature robots

for transgastric NOTESTM peritoneoscopy proce-
dures. This group has suggested potential for use
of “a family of robots working together inside
the gastric and abdominal cavities after their
insertion through the esophagus” [64]. In addi-
tion to camera functions, robots have also been
developed that include illumination and retrac-
tion abilities. However, currently wireless robots
have a battery life less than 1 h [65]. Further
work will likely address some of the current
limitations of these devices and potentially
expand the repertoire of robotic tasks.

Conclusions

LESS and NOTESTM are intriguing approaches
to surgery that may each represent a paradigm
shift in operative management. Given the rapid
pace of innovation to date, we anticipate fur-
ther developments of instruments and devices. Of
paramount importance in evaluating the role of
these approaches is the need to critically assess
these new technologies and ensure at least equiv-
alency of these techniques for patient safety,
including respect for established oncologic prin-
ciples (when relevant), patient comfort, and effi-
cacy.
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Introduction

The prevalence of pelvic floor disorders such
as urinary incontinence and pelvic organ pro-
lapse (POP) has seemingly increased over the
last several decades. This increase could be
attributed to longer life expectancy as well as the
increased awareness of such disorders amongst
health-care professional and patients. A recent
epidemiological study found that the prevalence
of at least one pelvic floor disorders among
US women was 23.7% with the majority of
them being affected by urinary incontinence
[1]. Approximately 10% of women undergo
surgery for treatment of urinary incontinence or
POP. Thirty percent of these women will sub-
sequently undergo one or more procedures after
the first repair [2]. Proportionate to this increase
in surgical management of pelvic floor disor-
ders has been growth in the utilization of mini-
mally invasive surgical treatments. Laparoscopic
and robotic techniques allow surgeons to apply
their open surgical skills in a minimally inva-
sive fashion. Advantages of the laparoscopic and
robotic approaches include improved visualiza-
tion of the pelvis due to laparoscopic magni-
fication and insufflation effects, shorter hospi-
tal stays, and decreased post-operative pain and
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recovery time. The purpose of this chapter is
to review the surgical techniques and outcomes
of laparoscopic and robotic surgeries for stress
urinary incontinence, pelvic organ prolapse, and
other pelvic reconstructive procedures such as
vesicovaginal fistula repair and augmentation
cystoplasty.

Stress Urinary Incontinence

The International Continence Society defines uri-
nary incontinence as “the complaint of any invol-
untary loss of urine that is objectively demon-
strable and a social or hygienic problem.” Stress
urinary incontinence (SUI) is described as “the
involuntary loss of urine during coughing, sneez-
ing, or physical exertion” [3] and is the most com-
mon type of urinary incontinence [3]. Despite the
high prevalence of SUI, we do not have a com-
plete understanding of the mechanisms that lead
to urinary incontinence. Continence is believed to
be maintained through a combination of factors
including coaptation of the urethra, mechani-
cal support of the bladder neck by the pelvic
floor, a healthy submucosal vascular plexus, local
hormonal balance, and an adequate neurologic
reflex [4]. Various theories have been proposed
to explain the development of SUI and attempts
to mimic these theoretical mechanisms have been
the basis of anti-incontinence procedures over
the years. Creation of a suburethral hammock to
reproduce the anatomic structural support of the
urethra and procedures designed to restore the
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retropubic position of the bladder neck to equal-
ize pressure transmission between the bladder
and the outlet have been successful techniques
used to restore continence [5, 6, 7].

The Burch colposuspension which has fallen
out of favor over the years has regained popular-
ity with the increasing use of minimally invasive
approaches, and review of the procedure and its
outcomes is warranted.

Laparoscopic Burch Colposuspension

The open Burch colposuspension was introduced
by Burch in 1961 [8]. By approximating the
paravaginal fascia to Cooper’s ligament, the pro-
cedure restores the bladder neck to its normal
retropubic position. The laparoscopic Burch col-
posuspension utilizes the same surgical principles
as the open approach.

Patient Evaluation

Patients should undergo a history and physi-
cal exam, including a thorough pelvic examina-
tion. Cystoscopy should be performed if there
is any concern about any bladder or urethral
pathology. In patients with a history of previous
pelvic reconstructive surgery, the authors strongly
recommend cystoscopic evaluation. Urodynamic
evaluation should be performed to rule out
any storage or voiding pathology particularly
in patients with mixed urinary incontinence or
patients who have undergone previous pelvic
surgery.

Surgical Technique

Prior to surgery, some surgeons advocate the
use of bowel preparation for ease in intraop-
erative bowel manipulation. After general anes-
thesia is induced, the patient is placed in a
low lithotomy position with Trendelenburg as
necessary. A Foley catheter is placed to drain
the bladder. The procedure can be performed

either extraperitoneally or intraperitoneally. The
extraperitoneal approach has been associated
with shorter operative times, fewer bladder
injuries, and the ability to minimize the risk
of post-operative pelvic adhesions [9, 10]. The
extraperitoneal approach provides a shorter learn-
ing curve but does have a higher risk of CO2

absorption leading to pneumomediastinum and
pneumothorax [11, 12]; conversely the intraperi-
toneal approach provides a larger operating space
and the ability to perform concomitant intraperi-
toneal surgery.

Three ports are placed: one periumbilical, one
in the right, and one in the left lower quad-
rant just lateral to their respective epigastric
vessels, approximately 3 cm medial and supe-
rior to the anterior–superior iliac spine. In the
extraperitoneal approach, the space of Retzius is
dissected using a balloon or a finger to aid with
pneumodissection. The paravaginal fascia and
Cooper’s ligaments are then identified. Sutures
are then used to approximate these two structures.
Tensioning of the sutures is more difficult in the
laparoscopic approach, given lack of tactile sen-
sation. The number and type of sutures needed is
debatable. The use of both absorbable and nonab-
sorbable sutures has been described. Persson and
Wolner-Hanssen [13] advocated the use of two
sutures on each side citing a higher success rate
compared to using only one suture. Studies com-
paring suture placement versus mesh placement
demonstrated higher success rates with suture
[14]. Most authors advocate the use of cystoscopy
after suture placement to rule out bladder injury.

Outcomes

Success rates for the laparoscopic approach range
from 80 to 92%. A recent Cochrane review con-
cluded that at 2 years postsurgery, there is no sig-
nificant difference in outcomes between laparo-
scopic and open colposuspension [15]. However,
most of the studies comparing both approaches
are short term and thus durable long-term results
comparing open versus laparoscopic approach
are needed. The authors also commented that the
newer vaginal sling procedures appear to offer
greater benefits and objective outcomes in the
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Table 20.1 Summary of recent studies evaluating efficacy of laparoscopic colposuspension

Author Year
N(open/
laparoscopic)

Follow-up
(months)

Subjective
cure (%)

Objective
cure (%)

Cheon et al. [53] 2003 43
47

12 86
81

86
85

Ankardal et al. [54] 2004 98
109

12 89
62

92
74

Kitchener et al. [55] 2006 147
144

24 55
55

70
80

Carey et al. [56] 2006 104
96

44 70
58

NA

short term and thus the future utility of colpo-
suspension is unclear. Table 20.1 summarizes the
outcomes of the most recent studies comparing
open versus laparoscopic Burch colposuspension.

Regarding complications, the overall rate is
higher for laparoscopic Burch colposuspension
compared to the open approach, with com-
plication rates of 8–22% and 5–8%, respec-
tively. The most common intraoperative com-
plications include bladder, bowel, or vaginal
injury, and ureteral kinking or injury. Reported
peri-operative morbidities include urinary tract
infection, pneumonia, transient urinary retention,
and wound infection. Long-term complications
include voiding dysfunction (urgency and urinary
retention) and development of POP. Table 20.2
summarizes the complication rates of laparo-
scopic Burch colposuspension.

Robotic-Assisted Laparoscopic
Colposuspension

With the success of the laparoscopic colposus-
pension, surgeons have started to use the robotic
system to perform colposuspension. The shorter

learning curve while using the robotic system has
allowed surgeons to overcome the suturing dif-
ficulties in the laparoscopic procedure. A recent
case report by Khan et al. [16] demonstrated the
successful use of the robotic system to perform
colposuspension in two patients. At 12-month
follow-up, both patients were continent. Further
evaluation in a larger cohort of patients is needed
to evaluate the long-term efficacy of the robotic
system for this operation.

Other Laparoscopic Procedures
for SUI

Laparoscopy has also been used in the placement
of vaginal slings. In this procedure, the space
of Retzius is dissected laparoscopically and a
midurethral dissection performed transvaginally.
The sling material is passed from the vaginal
incision to the retropubic space and secured
laparoscopically to the Cooper’s ligament. Phelps
et al. [17] reported on their experience with
this technique. They successfully performed a
laparoscopic-assisted suburethral sling placement
in 63 patients with overall satisfaction of 89%.

Table 20.2 Summary of complications of laparoscopic colposuspension

Author N
Follow-up
(months)

Bladder injury
(%)

Bleeding
(%)

UTI
(%)

Urinary
retention (%)

Urinary
urgency (%)

Liu et al. 433 NA 1.8 NA NA 3.5 3.2
Kitchener et al. [55] 144 24 2.8 0.7 5.7 NA NA
Carey et al. [56] 96 44.4 5.2 1 NA NA 63
Cooper et al. [11] 113 8.4 9.7 0.9 NA NA 8.0
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Pelvic Organ Prolapse

With a reported 37% prevalence of POP in the
general population, treatment has increased sig-
nificantly over the past several decades [18].
With aging, the prevalence of POP has been
shown to increase to up to 65%. Traditional
surgeries for POP repair with anterior and/or
posterior wall plication, though initially success-
ful, demonstrated suboptimal long-term results.
In an effort to improve upon these suboptimal
success rates, new techniques using a variety
of synthetic and biological grafts have emerged,
and there has been a dramatic increase in the
number of surgical procedures performed by
urologists and gynecologists for POP repair.
With the advance of laparoscopic and robotic
surgeries, many surgeons have utilized min-
imally invasive approaches to correct POP.
Although laparoscopic and robotic-assisted pro-
cedures have been used for repair of anterior and
posterior vaginal wall prolapse, these approaches
have primarily been utilized for repair of apical
defects.

The etiology of POP is complex and has been
attributed to weakening of or damage to the
connective tissues and innervation of the pelvis.
A number of risk factors have been associated
with the development of POP including obe-
sity, parity, vaginal delivery, menopause, aging,
genetic factors, trauma, musculoskeletal diseases,
smoking, and prior surgery [19]. Parity and vagi-
nal delivery are likely the most important risk
factors. Tissue injury during vaginal delivery
appears to be strongly related to ischemia; how-
ever mechanical forces may also contribute to the
weakening of the connective tissue. Most of the
damage during vaginal delivery likely occurs dur-
ing the first delivery and subsequent deliveries
may not necessarily worsen the damage already
done [20]. Further, tissue remodeling is criti-
cal for tissue recovery following ischemic and
mechanical injury. Patients with connective tissue
disorders may be at a higher risk of developing
prolapse because of ineffective or lack of tissue
remodeling [21].

Patient Evaluation Prior to POP Repair

Similarly to patients undergoing surgery for SUI,
POP patients should undergo a history and phys-
ical exam, including a thorough pelvic exami-
nation. Cystoscopy should be performed if con-
cerned about any bladder or urethral pathology.
Urodynamic evaluation should be performed to
rule out any storage or voiding pathology particu-
larly in patients with mixed urinary incontinence
or patients who have undergone previous pelvic
surgery. Urodynamic evaluation is also important
to evaluate for occult SUI and determine the need
for concomitant anti-incontinence procedure.

Brubaker et al. [22] reported on their out-
comes in women undergoing sacrocolpopexy
with or without Burch colposuspension and
found that post-operatively, 23.8% of women
in the Burch group compared to 44% in the
non-Burch group had SUI (p<0.001). Based on
this study, patients undergoing POP repair who
have symptoms or urodynamic findings of SUI
should be recommended to undergo a concomi-
tant anti-incontinence procedure. However, the
use of an anti-incontinence procedure in POP
patients without evidence of SUI remains con-
troversial. Anger et al. [23] recommends the use
of a concomitant sling at the time of cystocele
repair in women with grade III and IV cystoceles
unless they have undergone a previous procedure
for SUI. Ballert et al. [24] recently described that
in women with high-grade POP without clinical
or urodynamic SUI, the risk of intervention for
de novo SUI after surgery was similar to the risk
of intervention due to obstruction when a sling
is placed. Thus, in patients without clinical his-
tory or urodynamic evidence of SUI, a thorough
discussion of the risks of an anti-incontinence
procedure versus the risk of developing SUI if
an anti-incontinence procedure is not performed
should be undertaken with the patient.

Radiologic evaluation with magnetic reso-
nance imaging (MRI) in patient with POP has
increased in recent years, particularly since
the introduction of dynamic MRI technology.
MRI may supplement information provided by
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physical examination and fluoroscopy by provid-
ing comprehensive and high-quality imaging of
the entire pelvis, including pelvic support struc-
tures and organs. MRI has proven to be helpful in
the evaluation of multi-compartment POP, partic-
ularly when one wants to determine the presence
of an apical defect in patients with anterior and/or
posterior compartment prolapse.

Laparoscopic and Robotics
for Anterior and Posterior Vaginal
Wall Prolapse

Laparoscopic Cystocele Repair

Transvaginal colporrhaphy, with or without syn-
thetic or biograft, is the most common proce-
dure used for cystocele repair. Unfortunately,
failure rates of 10–70% have been reported
[25–27]. Following the successful use of laparo-
scopic Burch colposuspension for SUI, pelvic
surgeons began to apply laparoscopic skills
and the surgical principles of the transvaginal
approach to the repair of cystoceles.

Surgical Technique

Patient is placed in lithotomy position.
Laparoscopic port placement is similar to
that used during laparoscopic colposuspension.
The bladder is mobilized, the space of Retzius
developed, and the bladder neck, Cooper’s
ligament, and the lateral detachment of the
endopelvic fascia from the arcus tendinious
fasciae pelvis (ATFP) are identified. With
insertion of a vaginal manipulator, the edges
of the pubocervical fascia are identified and
approximated to the ATFP with nonabsorbable
sutures. These sutures should also incorporate
vaginal tissue and the obturator internus and
iliopectineal ligaments.

Outcomes

Behnia-Willison and colleagues [28] reported
on their experience with laparoscopic cystocele
repair in 212 patients (42 underwent concomitant
hysteropexy or colpopexy and 47 underwent con-
comitant posterior repair). With a mean follow-up
of 14.2 months, the objective cure rate, defined
as POP-Q stage 0 or 1, was 76%. Eighteen
of the 23 women with residual central defects
subsequently underwent graft-reinforced anterior
colporrhaphy.

Laparoscopic Rectocele Repair

The transvaginal approach remains the most com-
mon approach for repair of posterior compart-
ment defects [29]. However, there are a few
limited reports on the laparoscopic transabdom-
inal approach for rectocele repair. Because of the
approximate 10–41% risk of dyspareunia after
rectocele repair, the authors recommend repairing
rectoceles only in patients who are symptomatic
(vaginal splinting and stool trapping).

Surgical Technique

Patient position and port placement is similar to
that of laparoscopic Burch colposuspension. The
rectovaginal space is then identified and carefully
dissected to expose the rectovaginal septum. An
EEA sizer may be used to identify and manipulate
the vagina. The perineal body is then secured to
the rectovaginal septum. The rectovaginal defect
is closed with absorbable sutures, and, if needed,
a levator ani plication is performed.

Outcomes

One study evaluating the efficacy of laparoscopic
rectocele repair with polyglactin mesh in 20
patients reported that with 12-month follow-up,
16 of the patients had resolution of the symptoms
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[30]. Another report by Thornton et al. compared
the laparoscopic versus the transanal approach for
rectocele repair. After 44-month follow-up, they
noted a higher success rate with the transanal
repair. Only 28% of the patients who under-
went laparoscopic repair reported more than 50%
symptom improvement.

Laparoscopic and Robotics for
Repair of Apical Prolapse

Various procedures for apical prolapse repair
have been described, including laparoscopic
vaginal vault or uterine uterosacral ligament
fixation, sacrocolpopexy, culdoplasty using the
Moschcowitz and Halban procedures, and entero-
cele excision and closure. These techniques have
been proven to be effective when performed in
an open transabdominal fashion. Surgeons are
now utilizing laparoscopy and robotics to per-
form these procedures in a minimally invasive
fashion. The laparoscopic uterosacral fixation and
sacrocolpopexy are the most commonly reported
and thus will comprise the focus of the apical
discussion.

Laparoscopic Uterosacral Ligament
Fixation

Surgical Technique

During laparoscopic uterosacral ligament fixation
the vaginal apex is approximated to the distal
aspect of the uterosacral ligaments using nonab-
sorbable sutures. The rectovaginal fascia is then
approximated to a more proximal aspect of the
uterosacral ligaments. For the uterine suspen-
sion, a nonabsorbable suture is placed through
the full thickness of the uterosacral ligament at
the level of the ischial spine and then again at
its insertion point into the lower uterine segment.
Care must be taken to identify the ureter, usually

located 1–1.5 cm lateral to the uterosacral liga-
ment. Cystoscopy is performed at the end of the
procedure to evaluate for bladder injury and for
adequate urine efflux from both ureteral orifices.

Outcomes

Medina and Tacaks reported on their outcomes
after laparoscopic uterosacral ligament fixation.
They showed a significant improvement in the
prolapse stage from an average POP-Q stage 2
to stage 0 at a follow-up of almost 16 months.
No patients had symptomatic prolapse and
no intraoperative complications were reported.
Unfortunately, studies reporting outcomes using
uterosacral ligament fixation have short follow-
up and thus results must be interpreted with
caution.

Laparoscopic and Robotic
Sacrocolpopexy

Surgical Technique

After general anesthesia is obtained the patient is
placed in dorsal lithotomy position. The patient’s
arms are tucked on both sides and adequately
padded. The patient is then secured to the table
and a metal cage is used to protect the patient’s
face. A Foley catheter is placed in the blad-
der. Pneumoperitoneum is obtained via open
approach or Veress needle. For the laparoscopic
approach an infraumbilical or a periumbilical
port and two lower quadrant 10–12-mm ports are
utilized (Fig. 20.1). One or two ancillary ports
may be placed at the level of the umbilicus, lat-
eral to the rectus muscle. If the robotic-assisted
technique is used, then a 12-mm camera port is
placed just above the umbilicus, and two 8-mm
robotic arm ports are placed, 8 cm on either side
of the midline and 17 cm from the symphysis
pubis. Two assistant ports are placed: a 10-mm
port 3 cm above the right anterior superior iliac
spine and a right-sided, 5-mm port 8 cm lateral to
the camera port (Fig. 20.2).
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Fig. 20.1 Port placement for robotic-assisted laparoscopic sacrocolpopexy

Fig. 20.2 Creation of Y-shaped mesh

After port placement, the patient is placed in
steep Trendelenburg position to aid in visual-
ization and bowel mobilization away from the
surgical field. The sigmoid is retracted to the
left with the use of an anchoring suture to the
abdominal wall to provide excellent exposure of

the posterior peritoneum and the vaginal apex.
Using an EEA sizer or other vaginal obturator
to facilitate the dissection, a peritoneal flap is
dissected off the vaginal cuff (Fig. 20.3). Care
is taken to avoid injury to the bladder. Saline
can be instilled through the catheter to better
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Fig. 20.3 Dissection of peritoneal flap at the vaginal cuff
during robotic-assisted sacrocolpopexy

Fig. 20.4 Exposure of sacral periosteum ad pre-sacral
ligaments during robotic-assisted sacrocolpopexy

identify the bladder borders. The sacral promon-
tory is then identified. The pre-sacral space and
sacral periosteum are exposed with care taken to
avoid injury to any pre-sacral veins (Fig. 20.4).
The posterior peritoneum is then opened,
connecting the vaginal peritoneal flap to the pre-
sacral space. A Y-shaped synthetic mesh or a bio-
logic graft is secured to the anterior and posterior
aspects of the vaginal apex with full-thickness
passes of nonabsorbable sutures (Figs. 20.2, 20.5,
and 20.6). The base of the mesh or the graft is
then secured to the pre-sacral ligaments and the

Fig. 20.5 Placement of anterior vaginal cuff sutures dur-
ing robotic-assisted sacrocolpopexy

Fig. 20.6 Placement of posterior vaginal cuff sutures
during robotic-assisted sacrocolpopexy

periosteum with either two nonabsorbable sutures
or with two bone anchors (Fig. 20.7). If bone
anchors are used, an extra suprapubic port is
placed just to the right of the midline for passage
of the drill. The graft is secured with no tension.
The mesh is retroperitonealized to minimize the
risk of adhesions and bowel obstruction, although
some studies have suggested that retroperitoneal-
ization of the mesh is unnecessary (Fig. 20.8)
[31].

Hysterectomy can be performed concomi-
tantly with the sacrocolpopexy. Earlier reports on
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Fig. 20.7 Securing mesh to sacral promontory during
robotic-assisted sacrocolpopexy

Fig. 20.8 Closure of posterior peritoneum over mesh
material during robotic-assisted sacrocolpopexy

performing a hysterectomy at the time of sacro-
colpopexy reported a high incidence of mesh
extrusion. This higher extrusion rate has been
attributed to surgical field contamination during
vaginal opening at the time of complete hysterec-
tomy. Given the higher incidence of mesh extru-
sion in this patient population, surgeons have
reported on the use of a supracervical hysterec-
tomy in select patients resulting in an extrusion
rate of 0.8% [31]. Some authors stipulate that the
cervix acts as a shock absorber that prevents mesh
friction at the vaginal cuff and that preserving the

cervix also helps maintain adequate blood supply
to the vaginal apex [32].

Various mesh materials have been used for
both open and laparoscopic sacrocolpopexy.
The most commonly reported mesh materi-
als include Mersilene (polyethylene terephtha-
late; Ethicon, Somerville, NJ), silicone-coated
polyester (Cousin Biotech), and polypropylene
(prolene; Ethicon, Somerville, NJ; Marlex, CR
Bard, Cranston, RI). The ideal sling material
should be one that is inert, pliable, nonanti-
genic, and nonallergenic, and that allows for
tissue ingrowth avoiding infection. Biografts
such as cadaveric fascia (Tutoplast; Coloplast,
Minneapolis, MN) have also been used in sacro-
colpopexy. Loffeld et al. [33] recently com-
pared prolene mesh versus cadaveric fascia and
reported a higher risk of intervention because of
recurrent prolapse in the cadaveric fascia group
(relative risk of 2.9). A prospective, randomized
study evaluating the safety and efficacy of various
mesh materials and biografts is needed.

Outcome

Ganatra et al. recently presented the results of
a comprehensive review of laparoscopic sacro-
colpopexy (Tables 20.3 and 20.4). This meta-
analysis of greater than 1,000 patients revealed
an overall satisfaction rate of 94.4% with a mean
follow-up of 25 months [34]. The mean oper-
ative time was 158 min with a 2.7% conver-
sion to open rate and a 1.6% early reoperation
rate. The rate of recurrent prolapse after laparo-
scopic sacrocolpopexy was 6.2%, with 2.7% of
patients presenting with mesh extrusion or ero-
sion. The authors conclude that the laparoscopic
sacrocolpopexy outcomes uphold the outcomes
of the gold standard abdominal sacrocolpopexy
but that longer prospective and randomized tri-
als are needed to further evaluate the laparoscopic
approach.

Since this meta-analysis, North et al. pre-
sented a prospective study evaluating laparo-
scopic sacrocolpopexy for management POP.
At a minimum follow-up of 2 years, all 22
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Table 20.3 Summary of recent studies evaluating the efficacy of laparoscopic sacrocolpopexy

Author Year N
Follow-up
(months)

Subjective
cure (%)

Objective cure
(%)

Higgs et al. [57] 2005 140 66 79 92
Rozet et al. [58] 2005 363 15 96 96
Ross et al. [59] 2005 51 60 NA 93
Agarwala et al. [60] 2007 74 24 97 100
Rivoire et al. [61] 2007 131 34 98 89
Sarlos et al. [62] 2008 101 12 98 93

Table 20.4 Summary of complications of laparoscopic sacrocolpopexy

Author N Follow-up
Bladder injury
(%)

Bowel
injury
(%)

Bleeding
(%)

Mesh
erosion (%)

Urinary
dysfunction
(%)

Fecal
dysfunction
(%)

Paraiso et al. [63] 56 14 11 2 0 4 NA 2
Higgs et al. [57] 140 66 1 1 3.6 8.7 17 17
Rozet et al. [58] 363 15 0 0 0 0.8 6 6
Ross et al. [59] 51 60 4 0 0 9 2 6
Agarwal et al. [60] 74 24 0 0 1 2.8 21 3
Rivoire et al. [61] 131 34 2 0 0 5.3 44 NA
Sarlos et al. [62] 101 12 4 1 1 34 19

women had stage 0 vault support (i.e., no vis-
ible prolapse) with one patient complaining of
prolapse symptoms despite normal pelvic exam
[35]. No patient complained of dyspareunia.
In another recent study, Claerhout et al. [36]
addressed the concern for the surgeon’s learn-
ing curve when implementing the laparoscopic
approach for sacrocolpopexy. Since 1996 they
had performed 206 laparoscopic sacrocolpopex-
ies. Seventeen percent of the cases were con-
verted to an open procedure. Their major and
minor complication rates were 4.4 and 12.6%,
respectively. Their operation time declined sig-
nificantly during the first 30 cases and remained
steady at an average of 175 min after 90 cases.
They concluded that adequate learning of the
procedure occurred after 60 cases.

So far most preliminary reports of the robotic-
assisted laparoscopic sacrocolpopexy have shown
this procedure to be equally as successful
as the laparoscopic approach [37–39]. Elliot
et al. reported on the long-term results of
robotic-assisted laparoscopic sacrocolpopexy in
30 patients with a mean follow-up of 24 months.
Their mean operative time was 3.1 h. One patient
was found to have dense adhesions between the
bladder and the vagina necessitating conversion

to an open procedure. All but one patient were
discharged home on post-operative day one. At
1 year, 95% of patients had a successful repair
without recurrent prolapse on pelvic exam. All
patients reported satisfaction with the procedure.
Two patients developed vaginal mesh extrusion.
Another study by Kramer et al. [40] reported on
21 patients undergoing robotic-assisted laparo-
scopic sacrocolpopexy with a success rate of
95%. Their average operative time was 3 h 14 min
with no intraoperative complications or open con-
versions. All but two patients were discharged on
post-operative day 1. Thus far, robotic-assisted
laparoscopic sacrocolpopexy has been proven to
be a feasible and safe approach for surgical repair
of POP. However, further study is needed to
evaluate the long-term efficacy of the procedure.

Vesicovaginal Fistula

The most common cause of vesicovaginal fis-
tula (VVF) in the developed world is iatrogenic
during abdominal hysterectomy. They occur in
approximately 1/1,800 hysterectomies and can
present 1–6 weeks post-operatively [41]. Patients
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usually present complaining of continuous uri-
nary incontinence; however, some patients may
complain of SUI, urge incontinence, or vagi-
nal drainage. VVF that results from operative
injury can be successfully repaired in 75–97%
of the cases. Most surgeons agree that the first
attempt at VVF repair offers the patient the best
opportunity for successful repair. VVF can be
treated via a transabdominal or a transvaginal
approach depending on location, size, and sur-
geon’s preference. The transabdominal approach
has been recommended in patients with upper
tract involvement, proximity to ureteral orifice,
multiple fistulas, or recurrent fistula [42]. With
the advent of laparoscopy and robotic pelvic
surgery, many surgeons are now using these min-
imally invasive techniques for VVF repair. The
laparoscopic approach significantly reduces the
access trauma of open surgery and provides mag-
nified vision and less traumatic tissue handling
[43].

Laparoscopic and Robotic VVF Repair

Patient Evaluation

After obtaining a history and performing a phys-
ical examination, including a thorough pelvic
exam to attempt to identify the fistula tract,
patients should undergo cystoscopy and upper
tract evaluation. The latter could be obtained
via computed tomography urogram or retro-
grade pyelogram. Often, patients may require
an exam under anesthesia to perform a thor-
ough pelvic exam, cystoscopy, and retrograde
pyelogram. Upper tract evaluation is critical
given that 10–15% of patients with VVF may
have ureteral obstruction or ureterovaginal fis-
tula [41]. The need for pre-operative urody-
namic evaluation remains controversial. Most
surgeons recommend urodynamic evaluation in
patients with overactive bladder symptoms or
when suspicious of intrinsic sphincter deficiency.
The timing of VVF repair is also controver-
sial. Traditionally surgeons recommended wait-
ing 3–6 months after the initial injury; however
most surgeons now state that VVF repair can

be performed anytime after tissue edema and
inflammation have resolved (4–6 weeks)[41].

Surgical Technique

The surgical technique has been previously
described by Sotelo et al. [42]. After general
anesthesia is obtained the patient is placed in
the low lithotomy position. Cystoscopy is first
performed to identify and catheterize the vesi-
covaginal fistula. If necessary both ureters can
also be catheterized to facilitate ureteral identi-
fication intraabdominally. Pneumoperitoneum is
the obtained and the laparoscopic ports are placed
in a similar fashion to that of laparoscopic sacro-
colpopexy.

The overall approach is similar to the open
technique. The vagina is retracted posteriorly
with use of an EEA sizer or a sponge retrac-
tor. The light from the cystoscope is identified in
the proximity of the fistula tract. The posterior
bladder wall is incised to the VVF tract using a
harmonic scalpel. The incision is extended pos-
teriorly and distally until the catheter marking
the VVF tract and the vaginal retractor are fully
exposed. The vaginal retractor is removed and
a vaginal tampon is placed to prevent loss of
pneumoperitoneum. The remaining borders of
the fistulous tract are excised. The bladder is sep-
arated from the vagina. All necrotic or nonviable
tissues are excised. The bladder is then closed in
two layers in a running fashion using absorbable
suture. The vaginal opening is then closed in
one layer using absorbable suture. An anchor-
ing suture is then placed distal to the fistulous
tract. This will serve to anchor the omental inter-
positional flap. If omentum is not available, an
epiploic appendix can be mobilized from the sig-
moid colon. Watertight closure is then confirmed
by filling the bladder with saline. A suprapubic
catheter can then be placed if desired. A close
drain system is also placed in the vicinity of the
vaginal incision.

Bladder drainage is usually continued for
10–14 days or longer depending on the
complexity of the repair. Most authors
recommend the use of a cystogram to ensure
fistula closure.



288 A. Lucioni and K.C. Kobashi

Robotic-assisted laparoscopic VVF repair is
performed in a similar fashion. Port place-
ment is the same as in robotic sacrocolpopexy.
Instruments used include the da Vinci R© long-
tip grasper, hook, scissor, needle holder, and,
if desired, the Maryland bipolar coagulating
forceps.

Outcomes

The laparoscopic VVF repair was first described
by Nezhat in 1994 [44]. One of the largest laparo-
scopic VVF repair experiences was reported by
Sotelo et al. [42], with 15 patients and mean
follow-up of 26.2 months. Their mean operative
time was 170 min and an average post-operative
hospital stay was 3 days. Only one patient had
VVF recurrence. There were two operative com-
plications: unrecognized epigastric artery injury
necessitating exploration and enterotomy which
was repaired laparoscopically.

Robotic-assisted laparoscopic VVF repaired
was first described by Melamud et al. and then
Sundaram et al. reported the first five-patient case
series [43, 45]. In this series, all five patients
underwent a successful repair. The mean oper-
ative time was 233 min and the mean hospital
stay was 5 days. Hemal et al. recently reported
on the use of robotics for recurrent supratrigo-
nal VVF repair in seven patients. The average
fistula size was 3 cm. Their mean operative time
was 141 min. Mean hospital stay was 3 days. All
seven patients had a successful repair with up to
12 month follow-up. With the increase in the use
of laparoscopic and robotic techniques for pelvic
surgery, surgeons are now tackling more complex
cases such as recurrent VVF repairs. However,
more long-term study is needed to prove the
efficacy of these minimally invasive techniques.

Augmentation Cystoplasty

Augmentation cystoplasty has been successfully
used to treat patients with low-volume, low-
compliance bladders as well as patients with
refractory overactive bladder [46, 47]. Given
the complexity of the bowel handling (isolation

and reconfiguration of the bowel segment and
bowel anastomosis), most of the earlier reports of
laparoscopic augmentation cystoplasty describe
this portion of the procedure performed extra-
corporeally. With improvement in laparoscopic
surgical technique, some surgeons are now per-
forming the augmentation cystoplasty completely
laparoscopically [48].

Patient Evaluation

History, physical exam, laboratory examination,
cystoscopy, and urodynamic evaluation are used
to identify adequate candidates for augmenta-
tion cystoplasty (AC). Indications for AC include
poor bladder compliance, small bladder capac-
ity, increased risk of upper tract injury (i.e.,
detrusor leak point pressure > 40 cmH2O), and
refractory overactive bladder. Contraindications
include renal insufficiency, inflammatory bowel
disease, short gut syndrome, and inability to per-
form clean intermittent catheterization. Patients
should undergo mechanical bowel preparation
prior to surgery.

Surgical Procedure

After general anesthesia is obtained, patients
are positioned in low lithotomy and secured to
the bed to allow for maximal Trendelenburg.
Nasogastric tube and an 18-Fr Foley catheter
are placed. Pneumoperitoneum is established via
a Hasson technique or a Veress needle and a
12-mm port is placed at the midline or just to
the left of the midline 18 cm cranially from the
pubic bone [49]. Two 5-mm trocars are placed
15 cm from the pubic symphysis, approximately
1 handbreadth lateral on each side of the ini-
tial camera port. A left-sided 5-mm assistant
port is placed approximately 8 cm lateral to
our initial 5-mm left-sided trocar. The patient
is then placed in steep Trendelenburg. The ter-
minal ileum is identified by the presence of
the ileocecal valve and appendix. The ileum is
then tagged approximately 20–25 cm from the
terminal ileum. A second silk suture is placed
20 cm proximal to the first suture. The space of
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Retzius is then developed by dividing the obliter-
ated umbilical ligaments and incising the anterior
peritoneum lateral and superior to the urinary
bladder. The peritoneum is then dissected away
from the posterior aspect of the bladder. Next, the
bowel segment is prepared in an extracorporeal
fashion. The initial camera port incision is elon-
gated 2 cm and the holding sutures are brought
out of the incision, facilitating the desufflation
and delivery of the previously selected bowel seg-
ment into the field. A 20-cm segment of the ileum
is excluded from the bowel continuity using
a gastrointestinal stapling device (US Surgical,
Division of Tyco Healthcare, Princeton, NJ). The
ileum is then brought back into continuity using
either a standard hand-sewn two-layer side-to-
side technique or stapled side-to-side technique.
The small bowl mesentery defect is then closed.
The isolated ileal segment is detubularized by
opening it along the antimesenteric border. The
patch is then reconfigured by folding it into a U-
shaped fashion with the apex facing cranially, and
the medial cut edges are brought into continuity
with a running 2-0 Vicryl (Ethicon, Somerville,
NJ) in a single full-thickness running suture line.
It is critical to properly orient the ileal patch
in order to avoid torsion of its mesentery. The
anastomosis and detubularized patch are placed
back into the abdomen. This incision is closed
with interrupted suture leaving approximately a
1 cm opening at the cranial apex of the incision
to reinsert our 12-mm port. Pneumoperitoneum
is reestablished and the bowel segments are
inspected for vascularization and proper orienta-
tion. The bladder is then bivalved and the 3 and
6 o’clock positions marked. The enterocystotomy
is then performed maintaining correct orientation
with the apex of the U aligning with the ante-
rior portion of the cystotomy. Prior to completing
the enterocystotomy, left-sided 5-mm assistant
port is enlarged to allow placement of a 24-Fr
malecot through a cystotomy in the anterior quad-
rant of the bladder. The malecot is secured to
the bladder with purse-string 2-0 chromic suture.
After the enterocystotomy is completed, a
watertight closure is confirmed. A closed drain is
placed over the space of Retzius.

If performing the procedure with robotic
assistance, 7-mm da Vinci R© trocars (Intuitive

Surgical, Sunnyvale, CA) are placed at the
same position as the 5-mm ports. A 12-mm
assistant port is placed 1 handbreadth
superior and 8 cm lateral to the initial
5-mm right-sided trocar. Instruments used
include the da Vinci R© long-tip grasper, hook,
scissor, needle holder, and, if desired, the
Maryland bipolar coagulating forceps.

Outcomes

The use of laparoscopic and robotic techniques
for augmentation cystoplasty in adults is limited
to case series. In 2000, Gill et al. reported on suc-
cessful laparoscopic enterocystoplasty in three
patients with a neurogenic bladder. One patient
underwent an ileocystoplasty, another a sigmoid
cystoplasty, and the third patient underwent a
cystoplasty with cecum and proximal ascending
colon and a continent, catheterizable ileal conduit
with an umbilical stoma. Bowel exclusion and
reanastomosis were performed extracorporeally,
and the enterovesical anastomosis was performed
laparoscopically in all three patients [50]. More
recently, Noguera et al. reported on the successful
use of a single-port augmentation cystoplasty in a
20-year-old female with neurogenic bladder [51].
One of the largest series of laparoscopic augmen-
tation cystoplasty was reported by El-Feel et al.
[52]. With a mean follow-up of 39 months, 23
patients underwent successful enterocystoplasty.
Their estimated bladder volume increased from
111 to 788 ml, while the maximum detrusor pres-
sure decreased from 92 to 15 cmH2O. Though
laparoscopic augmentation cystoplasty has been
shown to be feasible and safe, study evaluating
long-term outcomes is necessary.

Conclusions

With the increased use of laparoscopic and
robotic techniques in pelvic floor surgery, more
complex pelvic reconstructive procedures are
being performed. Recent studies have demon-
strated that laparoscopy and robotic-assisted
surgery are safe and feasible for treatment of SUI,
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POP, VVF, and AC. However, long-term studies
are needed to properly assess and compare the
efficacy of these minimally invasive techniques to
the traditional open approach.

Acknowledgments Paul Kozlowski, MD, and David E.
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