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Preface

Laparoscopy has made a significant impact on the surgical
management of disease. Advances in technology such as the
CCD camera, improved optics, computerized systems, and
smaller instrumentation have expanded applications from
diagnostic procedures to advanced ablative and reconstruc-
tive surgery. Urologists were well positioned for this revolu-
tion because of the endoscopic skills already acquired with
transurethral surgery. Surgeons now have an increasing
awareness of the impact an operation has on a patient and
that minimizing morbidity and decreasing convalescence are
essential to patient care. All the surgical principles such as
cancer control, hemostasis, and asepsis are maintained with
the patient returning to normal life significantly faster and
with less suffering.

Minimally invasive surgery, however, has some draw-
backs, which may be responsible for its slow acceptance in
all disciplines. Training in these techniques is difficult and
only recently have training programs incorporated laparo-
scopic surgery as a key training component. Surgeons who
completed training before the laparoscopic era may find it
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difficult to spend the time and effort required for safe laparo-
scopic surgery. Also, longer operating times associated with
laparoscopic surgery can be a disincentive to this approach.
Despite this, the surgical community continues to pursue
advanced laparoscopic skills for the benefit of their patients.

An integral component of laparoscopic training is a keen
understanding of the potential pitfalls that may arise.
Although the magnification provided with laparoscopy pro-
vides better visualization, complications are still difficult to
recognize owing to the sometimes unfamiliar anatomy,
decreased tactile feedback, 3-D vision and ability to only
visualize small portions of the surgical field at a given time.
Furthermore, the distance between operator and surgical
field prevents a surgeon from ‘‘placing one’s hands in the
wound and saving the day.’’

The laparoscopist must develop a ‘‘sixth sense’’ and
anticipate problems. This concept is not different from open
surgery, but the clinical clues during the operation are differ-
ent and need to be understood. When a complication does
occur, open conversion is not always necessary and laparo-
scopic techniques to correct a problem exist. Laparoscopic pro-
cedures have also seen a unique set of complications, perhaps
a reflection of the learning curve or a different approach to the
operative site. Understanding these principles is the key to
successful prevention strategies and good outcomes.

Rather than subdividing this text by procedure, we chose
to focus on broad categories of complications seen with laparo-
scopic urologic surgery, their recognition, management, and
prevention. Finally, this manual can provide the reader an
easy reference than can be incorporated into any laparoscopic
training program as well as a step-by-step guide to recogniz-
ing and managing difficult situations for surgeons already
performing minimally invasive surgery.

Sanjay Ramakumar
Thomas Jarrett
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1

Anesthetic Considerations/
Complications

DAVID C. CUELLAR and TIMOTHY D. AVERCH

The University of Pittsburgh Medical Center,
Kaufmann Medical Building, Pittsburgh,

Pennsylvania, U.S.A.

Inherent in surgical procedures is the consideration of risks of
anesthesia. Concerns specific to laparoscopic surgery includ-
ing patient positioning need to be understood and addressed
prior to undertaking these procedures. Specifically, the effects
of pneumoperitoneum and carbon dioxide, alterations in renal
physiology, and changes to the circulatory system will be
addressed herein.

Consideration must always be given for carbon dioxide
absorption during laparoscopy. Hypercarbia can result from
increased CO2 load caused by transperitoneal or subcutaneous
absorption of insufflated CO2 (1–3) with significant effects on
acid–base balance and hemodynamic stability (4–7). Most of
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the increase in PaCO2 occurs in the first 15min and remains
stable (8), but can be more pronounced with prolonged insuf-
flation time (9–13), especially during the first 2 hr of insuffla-
tion (14), with increased insufflation pressures (15–17), and
with subcutaneous emphysema (14,18–20). Carbon dioxide
diffusion into body tissues is greater during extraperitoneal
than intraperitoneal CO2 insufflation (14,21,22). Although
some studies have demonstrated a greater increase in partial
pressure of arterial carbon dioxide with obese patients under-
going laparoscopic surgery (17), others have shown the con-
trary (14). The effect of the location of the operative site on
carbon dioxide absorption has also been shown to be signifi-
cant with pelvic laparoscopy demonstrating less absorption
than renal laparoscopy (14).

The clinical significance of increased CO2 absorption is
unclear as there are rarely cardiopulmonary complications
related to hypercapnea. Tominimize complications, one should
avoid insufflation pressures above 15mmHg if possible and
be more alert with retroperitoneal CO2 insufflation, with sub-
cutaneous emphysema, with long insufflation times, during
renal laparoscopy, and in the obese patient. It has been
demonstrated that an insufflation pressure of 20mmHg can
be maintained in most patients with adjustments in minute
ventilation (23). Arterial CO2 should be monitored closely
intra- and postoperatively in these situations until it returns
to baseline.

In patients with severe pulmonary compromise who are
at risk for severe acidosis, gasless laparoscopy and insuffla-
tion with helium as an alternative have been described.
Studies have shown a decrease in the acidosis compared to
carbon dioxide (12). This may allow laparoscopic procedures
in patients felt to be at too high risk due to underlying pul-
monary compromise.

Gas embolism is a rare but severe complication of laparo-
scopic surgery. It may be due to direct puncture of a major
vessel or pressure-forced entry of carbon dioxide into a venous
plexus (24). The mixture of gas and blood affects the pulmon-
ary vasculature leading to pulmonary hypertension and fatal
right ventricular failure. Decrease in venous return leads to
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compromise of cardiac output and collapse. A sudden drop in
PCO2 is a strong indicator of air embolism. When CO2 is used
for insufflation, however, the PCO2 may not change or it may
increase. Other warning signs are a significant decrease in
SpO2, heart rate, and blood pressure, along with a cardiac
arrhythmia and total collapse. Transesophageal ECHO has
been utilized to monitor for gas embolism during laparoscopic
surgery both in the porcine model (25) and in humans (26).
Although sensitive, it detects many clinically insignificant
emboli.

If gas embolism is suspected, the procedure should be
terminated with immediate release of CO2, high-fraction-
inspired O2 ventilation, left lateral decubitus positioning
(Durant’s position), and pericardial thumps or cardiac mas-
sage. Aspiration of the gas via a central venous catheter
(24) and cardiopulmonary bypass has also been reported as
treatments (27). Due to its high solubility, CO2 embolism is
fortunately rare (28). The risk appears to be higher with ret-
roperitoneal rather than peritoneal laparoscopy because of
the limited and nonexpansible retroperitoneal space. Preven-
tion measures include limiting the insufflation pressure, espe-
cially with retroperitoneoscopy.

Subcutaneous emphysema from CO2 insufflation is a
known complication of laparoscopic surgery. It can usually
be detected on physical exam or chest x-ray. It was documen-
ted by CT scan after uncomplicated laparoscopic cholecystect-
omy in 56% of patients studied, all of who were asymptomatic
(29). Clinically significant cases occur in 2–12 per 1000 cases
and usually resolve spontaneously within 24hr (30). Unlike
intraperitoneal placement of CO2, significant subcutaneous
emphysema may lead to significant changes in pH and PaCO2

as demonstrated in the porcine model (31). This difference
between subcutaneous and intraperitoneal CO2 is thought to
be due to the relative ease of removal of intraperitoneal CO2

via the trocar ports, whereas subcutaneous CO2 is absorbed
and must be removed via the lungs. Patients who develop
significant subcutaneous emphysema following laparoscopic
surgery should be closely monitored until pH and PaCO2

return to baseline.
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Another important consideration with laparoscopic sur-
gery is alterations in renal physiology. Changes have been
shown to occur with prolonged intraabdominal CO2 insuf-
flation, especially in high-risk patients with cardiovascular,
hemodynamic, and renal dysfunction. This cause is likely
multifactorial and includes decrease in cardiac output, reno-
vascular compression, and central venous compression.

Renal compression to 15mmHg results in a significant
decrease in urine output, glomerular filtration rate (GFR),
and effective renal blood flow (RBF) (32), which in turn can
lead to an increase in renin release. Several studies have
demonstrated an increase in renin secretion with intra-
abdominal insufflation (33–36) that returns to baseline levels
with decompression of the abdomen (37). This increase in
renin secretion is not seen with lower intraabdominal pres-
sures (IAP) (34) and is thought to be due to redistribution of
RBF from the outer cortex to the juxtamedullary zone
(38–40). The failure of an angiotensin-converting enzyme
inhibitor to prevent oliguria during laparoscopy does not
support this theory (37).

Changes in renal arterial blood flow (RABF) and renal
vein blood flow (RVBF) are also seen with changes in intra-
abdominal pressure. During pneumoperitoneum, the intra-
abdominal pressure is twice the vena caval pressure (41). It
is not surprising that one study showed decreased urinary
output at IAP greater than 15mmHg that paralleled a
decrease in RVBF (42). Although RABF is not affected at
IAP below 10mmHg, at levels above 20mmHg, there is a
15% decrease in RABF, a 60% decrease in cortical perfusion,
a 64% decrease in GFR, and a 50% decrease in urine output
(43,44). Similar changes with central venous compression
are also observed. With insufflation pressures at 10mmHg,
IVC flow decreases by 93% and aortic flow by 45% (45), both
of which might have significant effects on renal plasma flow,
GFR, and urine output.

Changes in urinary electrolytes (increased urinary
potassium excretion and decreased urinary sodium excretion)
during laparoscopy may be due to an elevation in serum aldos-
terone (46). In an experimental model, intravascular volume
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expansion during periods of increased intraabdominal pres-
sure increased urine output and decreased renin and aldoster-
one levels (36).

Endothelin has also demonstrated its possible role with
a 55% increase in the renal vein during pneumoperitoneum
in the canine model (47). Furthermore, the use of endothelin
receptor antagonists in the rat model during pneumoperito-
neum resulted in less of a decrease in GFR (48).

CO2 insufflation also increases antidiuretic hormone
(ADH) concentrations (49,50). While ADH levels increased in
50% of women undergoing diagnostic laparoscopy (51), others
have demonstrated no significant increase in ADH levels
following insufflation of 15mmHg (37). Some believe that the
delay in desufflation diuresis may be linked to changes in
ADH levels (52).

As mentioned previously, when encountering patients
with underlying cardiac disease, renal disease, pulmonary
disease, and diabetes mellitus and other comorbidities that
may increase the magnitude of oliguria, careful intraopera-
tive fluid management is important. Although attempting to
maintain good urine output during the case is desirable, care
should be taken with patients with compromised renal or
cardiac function and consideration to invasive Swan–Ganz
monitoring should be given. While it is a common belief that
pneumoperitoneum of 25mmHg is unsafe (53), the ‘‘gray zone’’
is in the 12–16mmHg range. It is therefore recommended that
insufflation pressures of 10–12mmHg be employed, if possible,
to prevent oliguria during gaseous laparoscopy (42,54), or
less than 15mmHg to minimize pulmonary complications.
This usually allows good visualization with minimal and
reversible hemodynamic stability and a decreased likelihood
of other complications such as gas embolism and acid–base
imbalances.

In conclusion, anesthetic considerations during laparo-
scopic surgery are very important and one should understand
the predictable changes that may occur with insufflation.
Knowledge of the effects of pneumoperitoneum and carbon
dioxide, alterations in renal physiology, changes to the circula-
tory system, and the ability to quickly recognize and address
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complications encountered with laparoscopy are paramount to
the proper care of these patients.

KEY POINTS

� Elevated CO2 levels rarely cause cardiopulmonary
complications.

� CO2 diffusion is greater during extraperitoneal than
intraperitoneal insufflation.

� Risks associated with hypercapnea are reduced by
keeping pressures below 15mmHg, avoiding subcuta-
neous emphysema and reducing procedure times.

� If gas embolism is suspected, terminate the proce-
dure, release the pneumoperitoneum, increase the
ventilated oxygen and place the patient in the left
lateral decubitus position. Aspiration using a central
venous catheter may be required.

� Renal function is altered during laparoscopy due to
decreased cardiac output, renovascular compression,
and central venous compression. The oliguria is
usually transient and without long-term sequela.
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INTRODUCTION

Abdominal access is fundamental for all laparoscopic proce-
dures; however, a variety of complications are associated with
placement of trocars, the Veress needle, or the Hasson can-
nula. In recent investigations, the incidence of access compli-
cations for laparoscopic procedures in gynecology and general
surgery is 0.18–1.4% (1–6). Despite the rarity of injuries,
access complications occur in greater frequency than other
complications associated with laparoscopic cholecystectomy
and common gynecologic procedures (4,5,7). In reports pub-
lished between 1993 and 1996, the incidence of access com-
plications associated with urologic procedures was 1.8–5.4%
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(8–12). For reports published between 1999 and 2001, the
incidence of access complications was 0.4–2.0% (13–16).
Despite the decreasing incidence of access complications, all
urologists should be aware of the possible injuries and their
management.

While many access complications are associated with
minimal morbidity, others are life-threatening, mandate an
immediate open conversion, or require subsequent operative
interventions (17–19). Using insurance claims information
and data from United States Food and Drug Administration
(FDA), Chandler and colleagues (19) reviewed 594 access
complications occurring in 509 patients between 1980 and
1999. Injury severity included temporary major impairment,
long-term major impairment, and death in 55%, 22%, and
13% of patients, respectively (19). Access complications occur
intraoperatively when access equipment is malpositioned. As
a consequence, all intraabdominal organs are at risk when
entering the abdomen. The postoperative development of site
complications also represents an adverse consequence of
laparoscopic access. In addition, some postoperative complica-
tions are a delayed manifestation of occult intraoperative
injuries. Regardless the cause, prompt identification and
management decreases the morbidity and significance of
entry complications (6,19).

Despite the introduction of access equipment with pro-
posed safety features and the touted benefits of one access
technique over another, advantages of a specific access techni-
que have not been proven in appropriately constructed scien-
tific trials (1,5,19,20). In reality, access complications are
likely influenced by many factors including surgical experi-
ence and technique, familiarity with the access equipment,
and unique patient-related issues (13). Optimizing as many
of these factors as possible may provide the best prevention
of access injuries (1,21). This chapter summarizes the recogni-
tion, evaluation, management, and prevention of intraopera-
tive and postoperative complications related to abdominal
access. Issues regarding injury to organs or vascular struc-
tures, hernia, and tumor seeding of port sites are covered in
other chapters of this book.
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PREVENTION STRATEGIES

Preoperative Evaluation

Patients at high risk for access complications are identified
during the preoperative evaluation (8,21). For all patients,
the past surgical history is reviewed and the location of
abdominal scars is noted on physical examination. Postopera-
tive adhesions increase the risk of access-related bowel injury.
Brill and associates reported that the incidence of intestinal
adhesions associated with a previous midline or Pfannenstiel
incision was 57% and 27%, respectively. Of the 360 patients
included in the report, access-related bowel or omental inju-
ries were observed in 6% (21 patients) (22). Lecuru and collea-
gues (23) similarly noted that access complications were
significantly higher for patients after laparotomy than those
without prior abdominal surgery. Secondary to abdominal
wall laxity and the possibility of bowel adhesions, women are
at risk for access injuries following pregnancy. Obesity is
another risk factor for entry complications (24,25). Mendoza
and coworkers (25) noted a 22% complication rate among
125 markedly obese patients undergoing urologic laparoscopy.
Technical difficulties including poor transillumination of the
abdominal wall and difficult trocar insertion were observed
in 61% and 14% of patients, respectively (25). On the other
hand, children and extremely thin adults are also at risk for
access complications because of decreased muscle mass and
proximity of the great vessels to the abdominal wall (24). In
addition, the presence of physical deformity (spine abnormal-
ities, body contractures) predisposes these patients to access
complications (26,27). Finally, an awareness of adverse medi-
cal factors, such as hepatomegaly, can reduce the risk of access
injury.

Patient Preparation

All adults should have a urinary catheter and oral-gastric
tube placed preoperatively to minimize the risk of bladder
or bowel injuries (8,21). At a minimum, one large-bore intra-
venous line is placed preoperatively (21). A type and screen is
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performed for two units of packed red blood cells and prophy-
lactic antibiotics are administered (13,21). Because of the risk
of bowel distention, nitrous oxide is avoided during laparo-
scopic procedures (28). Some investigators have additionally
recommended a preoperative bowel prep to decompress the
bowel, increase the working area of the peritoneum, and mini-
mize the morbidity of access-related bowel injuries (13,29).

Equipment

Disposable equipment and nondisposable equipment are
available for laparoscopic access (30,31). The proper function
of all equipment (disposable and nondisposable) is verified
before attempting to enter the abdomen (16,30). To minimize
the risk of access injuries with nondisposable equipment, the
cutting mechanism should be resharpened about every 20
cases. A sharp tip facilitates instrument insertion with less
force and more control (32). Disposable trocars often incorpo-
rate a safety shield feature designed to prevent access compli-
cations. Safety shields are spring-loaded plastic coverings
that advance in front of the trocar blade when resistance to
cutting is not detected (18,30). To date, safety shields have
not eliminated access complications (24,33). In an assessment
of Medical Device Reports from the FDA between 1993 and
1996, Bhoyrul et al. (18) found 28 fatal injuries associated
with safety-shielded trocars as well as 355 nonfatal vascular
injuries and 116 bowel injuries. In addition, the FDA has
not recognized safety shields as a bona fide way to minimize
access complications (18,19).

New trocar designs have been introduced with a goal of
increasing access safety. Expandable access systems permit
stabilization of the abdominal wall during placement of
sheaths that convert the forces of entry from axial to radial
(19,34). Expandable devices have been used in the adult and
pediatric population as well as in patients with prior abdom-
inal surgery (19). The expanding devices obviate the need for
fascial closure in many cases and may decrease the risk of
abdominal wall blood vessel injury. Unfortunately, injuries
related to blind Veress needle placement are reported with

16 Gettman



this access system. In the report by Shekarriz and colleagues
(35), Veress needle liver punctures occurred in 9% of patients.
Routine subcostal placement of the Veress needle, however,
may have contributed to the reported incidence of solid organ
injuries. A trocar-less rotational access cannula (TRAC) was
also recently developed for abdominal entry (36). The reusable
threaded cannula is rotated into position under endoscopic
vision thereby limiting axial forces of entry. Similar to the
expandable trocar devices, fascial closure is often not required.
In a prospective clinical trial by Termanian (37), 203 unse-
lected females underwent gynecologic laparoscopy without
access complications.

Surgical Approach

The position of planned trocar incisions and the method of
abdominal entry are frequently influenced by physical find-
ings. Initial access is commonly performed at the umbilicus
using either an open or closed technique. Open access involves
trocar placement under direct vision, whereas the closed
access refers to blind trocar placement. For patients with
a history of abdominal surgery, primary access is usually
obtained as far as possible from surgical scars (31,38). Second-
ary trocars are then placed under direct vision. For pat-
ients with prior abdominal surgery, the left upper quadrant
has alternatively been used as a site for initial access (39).
When extensive surgical scars are present across the entire
abdomen, retroperitoneoscopy is another treatment option
(16,38,40). In fact, Fahlenkamp and associates (16) reported
that the risk of visceral injuries was three-fold higher for a
transperitoneal vs. a retroperitoneal laparoscopic approach.
After placing all trocars, the intraabdominal contents and tro-
car sites (primary and secondary) are inspected for access
injury. In some cases, access injuries can involve multiple
organ systems (19). Visual inspection is especially important
whenever access inadvertently occurs in an uncontrolled man-
ner. The laparoscope, a laparoscopic suction/irrigator, and a
laparotomy set (including vascular clamps) should be readily
available during access (21).
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Closed access remains widely practiced because it is
less expensive, easier to perform, and require less operative
time than traditional open access (6,9,16). During closed
access, pneumoperitoneum is most commonly established
with the Veress needle (Table 1) followed by blind place-
ment of the primary trocar (Table 2) (16,31). Pneumoperito-
neum, however, does not prevent injuries associated with
blind trocar placement. Furthermore, blind Veress needle
placement is also associated with significant complicat
ions (2,17). Some investigators therefore advocate direct
trocar insertion without pneumoperitoneum. Unfortunately,
results of this closed access method are also conflicting
(1,6,17,20,41).

Open access is traditionally performed by inserting
a Hasson cannula through a mini-laparotomy incision
(Table 3). Open trocar placement was developed, in part, to
decrease the risk of bowel and vascular injuries during access
(42). Among 5284 laparoscopic procedures, Hasson reported a
0.5% overall complications rate (27 patients). The most com-
mon complication was a wound infection (21 patients), while
only one patient had a bowel injury and none had vascular
injuries (43). Because of technical limitations (longer time
requirement to perform, more difficult to perform in some
patients, problems maintaining pneumoperitoneum), open
access was not immediately embraced. Nonetheless, open
access has routinely been recommended for children,
pregnant females, obese patients, extremely thin patients,
and select patients with prior abdominal surgery (11,12,17).
Furthermore, based on complications noted with closed
access, open access is increasingly performed as the first-line
method for abdominal entry (1,2,6,44).

With increased utilization of the open access, major com-
plications (including bowel and vascular injuries) have also
been reported with these techniques (19,44–47). Hanney and
colleagues (47) reported two aortic injuries associated with
open access. The first injury (related to surgical technique)
occurred with a thin female, whereas the second injury was
attributed to a faulty reusable Hasson cannula. Furthermore,
Chandler and colleagues (19) reported 18 access complications
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Table 1 Veress Needle Placement

A. Patient is rotated on the operating room table into a
relatively horizontal position

B. Intended position of Veress needle is as far as poss-
ible from surgical scars

C. Abdominal wall is stabilized with towel clips
D. Veress needle is placed slowly through small stab incision
E. Veress needle is inserted at slight angle towards pelvis.

Excessive force should never be required
F. Resistance is met as needle traverses the abdominal

fascia and the peritoneum
G. Confirmatory tests are performed to assess position of

the Veress needle

1. Aspiration test: If needle correctly positioned,
attempts to aspirate needle are unsuccessful.
Character and color of aspirated fluid provide clues
to access injury

2. Drop test: Drop of saline placed at hub of needle. If the
needle is correctly positioned, saline drops quickly
into the peritoneal cavity and not aspirated

3. Saline injection test: Saline (5–10 cm3) injected thro-
ugh the needle. If the needle is correctly positioned,
attempts to aspirate saline are unsuccessful

4. Insufflation test: Attach needle to insufflator at low
CO2 flow settings. If intraabdominal pressures
4–8 mmHg, correct position of needle is suggested.
Pressures >8 mmHg suggest incorrect position or
needle contact with intraabdominal structure

H. Insufflate at high CO2 flow settings only when satisfied
with intraabdominal needle position (Air embolus or
preperitoneal insufflation can occur if CO2 instilled
before confirming intraabdominal position of needle.)

I. Place primary trocar only after sufficient pneumoperit-
oneum is attained
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(causing three deaths) related to Hasson cannula. In the
report, major vascular and bowel injuries accounted for 67%
of the complications. In a survey of 18 gynecologists that
switched from the closed to the open access technique, Penfield
(48) reported that bowel injuries and wound infections were
the most common complications. In a comparison of open

Table 2 Trocar Placement

A. Operating room table is positioned at comfortable height
that allows surgeon’s shoulders to be slightly abducted

B. Insertion away from previous surgical scars (primary
trocar) or visualized adhesions (secondary trocar).
Abdominal wall is transilluminated before secondary
trocar placement to avoid injury to abdominal wall blood
vessels

C. Adequate skin incision to allow the trocar and obturator
to pass freely through the abdominal wall

D. Subcutaneous tissues divided to the level of fascia
E. Abdominal wall stabilized with towel clips
F. Trocar placed with two hands using minimal force and

slow twisting motion of the entire upper extremity.
Excessive force should never be required

Table 3 Hasson Cannula Placement

A. Patient is rotated on the operating room table into a
relatively horizontal position

B. Incision is performed (10–12 mm in length) and sub-
cutaneous tissues divided to identify fascia

C. Fascia is secured on either side of planned incision and
fascia is sharply incised

D. Peritoneum is identified, grasp, and sharply divided
E. Intraabdominal position confirmed with finger palpation
F. Cannula inserted under direct visualization
G. Cannula secured to prevent loss of CO2 pneumoperit-

oneum
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and closed access during laparoscopic cholecystectomy,
Wherry and colleagues (44) noted that more injuries were
related to the use of the Hasson cannula (n¼ 11) than the Ver-
ess needle (n¼ 4). On the other hand, open access is associated
with a lower complication rate than closed access in other
investigations (1,17,33).

Open access can also be performed with a visual obtura-
tor. Visual obturators are handled insertion devices that per-
mit conventional trocar placement under direct laparoscopic
vision (17,49). The Visiport (US Surgical, Norwalk, CT) allows
for stepwise trocar placement with a triggered cutting
mechanism, while the Optiview (Ethicon Surgical, Cincinnati,
OH) is placed with a twisting motion under direct vision
(17,50). Similar to open access performed with the Hasson
cannula, visual obturators permit primary trocar placement
under direct vision (17,49). In contrast to the Hasson techni-
que, optical trocars requires less insertion time and mini-
mizes CO2 leakage. Marcovich and associates (50) evaluated
efficacy of the Optiview device as the initial method of
access (n¼ 4) or when initial access could not be obtained
with the Veress needle (n¼ 22). Overall, Optiview access
was obtained in 96% of cases and no complications were
recorded. Similarly, String and coworkers (49) successfully
used the Optiview for open access in 650 patients with a com-
plication rate of 0.3%. However, the risks of access with opti-
cal trocars are evolving. In a recent Medical Device Report by
the FDA, both major vascular and visceral injuries were asso-
ciated with optical trocar devices (17,18).

At the end of the laparoscopic procedure, trocar sites and
the abdomen are again inspected for occult injury (24).
Careful closure of the surgical incisions is imperative since
most postoperative access complications are in some way or
other related to the trocar site (33). For example, Mayol and
colleagues (33) reported that 95% of access complications were
related to wound infections, trocar hernias, or abdominal wall
hematomas. To minimize the risk of postoperative complica-
tions, all fascial defects in children and fascial defects >5 mm
mm in adults are closed (13). Fascial closure can be cumber-
some with standard surgical instruments. Alternatively, a
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fascial closure device can be used for trocar site closure under
laparoscopic monitoring (Fig. 1) (51).

Surgical experience and careful surgical technique are
very important factors in the prevention of access injuries
(11,16,20,24,27,48,52,53). Dixon and Carillo (53) evaluated
seven major vascular injuries that occurred in five patients
during elective laparoscopic procedures. The operating sur-

Figure 1 (A) Fascial closure device (Storz endoscopy) permits
closure of trocar sites under direct laparoscopic visualization. (B)
After the suture is introduced lateral to fascial defect, the empty
device is reintroduced on the opposite side to grasp the suture
and finish the closure.
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geon for these five patients had previously performed <10,
15, 20, <5, and 15 laparoscopic cases, respectively. Likewise,
Hashizume and colleagues (2) noted that the incidence of
access complications decreased yearly as increased surgical
experience was gained in laparoscopy. In stepwise logistic
analysis performed by Jansen and coworkers (3), the devel-
opment of laparoscopic complications (access and nonaccess)
requiring laparotomy was predicted by surgical experience
and a history of prior laparotomy. Furthermore, Cadeddu
and colleagues (14) recently reported that advanced training
favorably impacts the incidence of complications (access and
nonaccess) in urologic laparoscopy. For surgeons completing
at least 12 months of concentrated laparoscopic training, the
incidence of complications in the initial 20, 30, and 40 cases
was identical.

INTRAOPERATIVE COMPLICATIONS

Air Embolus

An air embolus is a rare, life-threatening complication that
can occur during laparoscopic access (21,28,54). Prompt
recognition and management are required for a favorable out-
come. An air embolus develops when CO2 is inadvertently
introduced into the blood stream (21,54). This complication
most commonly occurs during access when the Veress needle
is accidentally placed into the vena cava or iliac vein and
instilled CO2 is embolized to the right heart (28,54,55). Less
commonly, an air embolus can develop in conjunction with
a trocar injury. In either case, an air embolus is usually
manifested during the first few minutes of the laparoscopic
procedure (28).

Embolized CO2 creates an ‘‘air lock’’ in the right heart
that impedes blood flow into the pulmonary circulation (21).
The ‘‘air lock’’ decreases the blood flow through the pulmonary
vein with subsequent left ventricular failure and immediate
vascular collapse. An air embolus is accompanied by a pro-
nounced decrease in end-tidal CO2, a dramatic decrease in
oxygen saturation, and profound hypotension (54,55). A
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widening of the QRS complex, tachydysrhythmias, or develop-
ment of a right heart strain pattern can also occur on the elec-
trocardiogram (28,55). Classically, a mill-wheel murmur is
heard during chest auscultation. If an air embolus is sus-
pected, the insufflator is immediately turned off and all
laparoscopic ports opened for escape of CO2. Furthermore,
the patient is immediately placed in a steep Trendelenburg,
left lateral decubitus position (left side down, right side up)
to minimize the effect of the right ventricular ‘‘air lock’’ (21).
General resuscitative maneuvers are then started as well as
attempts to aspirate CO2 from the right heart via a central
venous catheter (21). As soon as possible, a laparotomy is per-
formed to repair the underlying vascular injury.

Preperitoneal Insufflation

Preperitoneal is a relatively minor complication that occurs
when CO2 is instilled proximal to the peritoneal cavity
(21,25). Preperitoneal insufflation makes peritoneal access
more difficult because the CO2decreases abdominal compli-
ance, increases the distance from the skin to the peritoneum,
and reduces the working volume of the peritoneal cavity
(12,21). Abdominal asymmetry during CO2 instillation sug-
gests preperitoneal insufflation. High insufflation pressures
(>10 mmHg) and a low instilled CO2 volume (<1 L) often
accompany the physical findings (31). In some instances, pre-
peritoneal insufflation is not recognized until the primary tro-
car is positioned. If preperitoneal insufflation occurs, CO2 is
evacuated as possible from the preperitoneal space and access
is performed at a new site. If a large volume of CO2 was
instilled into the preperitoneal space, open access may be
preferable (21).

POSTOPERATIVE COMPLICATIONS

Wound Infection

Wound infections are a relatively common minor complications
of laparoscopy (43,48). Local tissue trauma and inflammation
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of the trocar site contribute to the development of a wound
infection. Typical signs and symptoms of cellulitis accompany
trocar site infections. Most infections respond rapidly with
antibiotics. In the case of purulent drainage, wound debride-
ment is performed. In most cases, wound infections have mini-
mal impact, but necrotizing fascitis has developed at a trocar
site after laparoscopy (56). In addition, Hurd and colleagues
(57) have reported abscess development at a trocar site that
was effectively managed with surgical drainage, irrigation,
and antibiotics. In addition, wound infections have also been
reported as a risk factor for trocar site hernias (33).

Abdominal Wall Hematoma

Unrecognized or incompletely controlled injuries of abdominal
wall vessels can contribute to the formation of abdominal wall
hematomas (57). In fact, Mayol and colleagues (33) reported
that abdominal wall hematomas were the most access compli-
cation among 403 patients undergoing laparoscopy. Bulging,
erythema, bruising, or abdominal wall asymmetry near the
trocar site are clues to the presence of an abdominal wall
hematoma (8). The size of the hematoma often determines
the degree of discomfort, as small hematomas typically
have little associated pain. Other patients have lateralizing
abdominal wall pain with signs and symptoms of significant
hemorrhage (5). Many abdominal wall hematomas resolve
spontaneously without additional intervention (33). For
patients with ongoing hemorrhage or hematoma expansion,
surgical exploration is required to evacuate the hematoma
and control the bleeding (33,57,58).

CONCLUSION

A variety of intraoperative and postoperative complications can
occur during laparoscopic access; however, the incidence of
access complications in urology is very low and appears to be
decreasing. Access complications are influenced by many fac-
tors including surgical experience and technique, familiarity
of laparoscopic equipment, and patient-related factors. Despite
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the introduction of technologic modifications to increase the
safety of abdominal entry, all access equipment is associated
with complications and no method of access is superior. While
some access complications are life-threatening or require
immediate open conversion, many injuries have limited impact
on the patient or the ability to perform the planned surgical
intervention using minimally invasive techniques.

Access complications are minimized by a careful preopera-
tive evaluation, thorough patient preparation, and excellent
surgical technique. A low index of suspicion for entry-related
injuries can decrease the impact and significance of these com-
plications both intraoperatively and postoperatively. When
faced with an access complication, a stepwise approach should
be taken to fully evaluate the problem, exclude the possibility
of concurrent access injuries, and devise a treatment plan that
minimizes morbidity associated with the injury and maximizes
safety for the patient.
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INTRODUCTION

Arterial vascular injuries associated with urologic laparoscopy
are usually uncommon. However, they can be some of the most
devastating problems encountered by the surgeon, resulting
in unnecessary blood loss, poor visualization, conversion to an
open surgical procedure, specific ormultiple organ compromise/
failure, shock, or ultimately death. These injuries may occur at
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any time during the operation, such as with trocar placement,
tissue dissection, or isolation and ligation of vascular structures.
They may be diagnosed intraoperatively or postoperatively.
The key to these injuries is prevention with meticulous sur-
gical skill and surgeon patience. However, when major arterial
injuries occur, early recognition with a prompt and appropriate
response is paramount to a successful outcome.The principles of
managing significant venous injuries are similar to arterial inju-
ries, with some minor differences outlined in this chapter.

REVIEW OF THE LITERATURE

Vascular injuries occur in approximately 1–3% of all urologic
laparoscopic procedures and 0.5–3% are associated with uncon-
trollable hemorrhage (1–5). Hematoma formation requiring a
transfusion and conversion to an open procedure secondary to
bleeding are two of the most common complications (4,5).
Injuries that have been reported or potentiallymay occur include
laceration or transection of the aorta and vena cava (manuscript
submitted) and any of its branches, inadvertent ligation of aortic
branches, embolism or thrombosis of major aortic branches, and
arteriovenous fistulas (1,2,4,6–8).

When immediately recognized, some major vascular
complicationsmay be treated laparoscopically depending upon
the comfort level and experience of the surgeon (3,4,6). How-
ever, vascular injuries in general account for a large number
of conversions from the laparoscopic to the open surgical
approach (1–6). When a major arterial injury is not imme-
diately recognized, certain postoperative findings may be
indicative of the underlying problem. These include abdominal
pain, nausea, vomiting, hypotension, absent pulses, detection
of a new bruit, decreasing hematocrit, renal insufficiency,
altered blood flow on Doppler ultrasonography, hematoma for-
mation on computed tomography scanning, and either absent
flow or extravasation of contrast on angiography (8,9).

However, it is apparent that the overall risk of all laparo-
scopic surgical complications decreases with increased surgi-
cal experience (2,5).
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KEYS TO DIAGNOSIS

As previously mentioned, major arterial injuries may occur at
any time during a laparoscopic procedure. Therefore, a high
level of vigilance must be maintained throughout the entire
operation in order to recognize these complications.

At the beginning of a laparoscopic procedure, access to
the operative sight is obtained. This may involve Veress nee-
dle placement with eventual trocar placement. It is possible
that either the Veress needle or a trocar may lacerate or
transect the aorta or one of its branches. A Veress needle
injury may be identified if the surgeon aspirates bright red
blood or witnesses pulsatile blood flow through the needle.
With either a Veress needle or trocar injury, hemorrhage or
rapid abdominal distention may occur.

The majority of large arterial injuries occur during surgi-
cal dissection. These include the laceration, transection, and
ligation of arteries. The injury may be immediately apparent
with brisk bleeding noted or it may be delayed. Injuries that
are not initially identified may be diagnosed later during the
operation as time progresses. For example, a hematoma such
as a mesenteric hematoma may be identified when a mesen-
teric vessel is injured. When there is inadvertent ligation of
large arteries without adequate collateral circulation, organ
compromise can occur. For example, with ligation of the super-
ior mesenteric artery or splenic artery, bowel necrosis or a
splenic infarct may occur.

Consideration must also be given to the specific nature of
laparoscopic surgery. Special ligating clips, staple devices,
and suture devices have been developed for laparoscopy. Like
any mechanical device, these instruments may fail during
key portions of the operation and lead to devastating conse-
quences. Additionally, the pressure created from insufflation
of the operative field may disguise bleeding vessels. There-
fore, it is essential that near the completion of the procedure
the insufflation pressure be decreased to less than 10mmHg
and inspection for persistent bleeding be performed.

Even with meticulous inspection at the completion of a
procedure, an arterial injury may go unrecognized and not
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become manifest until the postoperative period. Therefore, as
with all postoperative care, the surgeon must always be vigi-
lant for these injuries. A patient may complain of generali-
zed malaise, weakness, or nausea. Physical examination
may demonstrate fever, tachycardia, hypotension, oliguria or
anuria, ecchymosis, abdominal or pelvic distention or pain, a
new bruit, or loss of previously palpable pulses. Laboratory
studies may demonstrate an elevated white blood cell count,
anemia, acidosis, electrolyte disturbances, elevated sedimen-
tation rate, elevated lactate dehydrogenase, or renal insuffi-
ciency or failure. Radiographic tests may reveal hematoma
formation, ongoing hemorrhage, loss of arterial blood flow, or
an arteriovenous fistula.

If a major arterial injury is suspected in the postopera-
tive period but is uncertain, diagnostic laparoscopy or open
surgical exploration may be warranted for confirmation.

MANAGEMENT STRATEGIES

When a Veress needle punctures a large artery and signifi-
cant bleeding is identified, the stopcock should be closed
and the needle left in place. It should not be twisted or further
manipulated as this may turn a puncture into a laceration.
With the needle in place, an immediate laparotomy is neces-
sary in order to identify and repair the injury.

A trocar injury to a large artery is treated in a similar
fashion as a Veress needle injury. The injury may be recog-
nized initially with brisk bleeding or may not be identified
until later if bleeding is confined to the retroperitoneum. Once
the injury is recognized, a laparotomy is performed in order to
repair the injury (6).

As previously mentioned, most arterial injuries will
occur during surgical dissection. The key to these injuries is
early recognition. Once the injury is recognized, a decision
is made whether to repair the injury or ligate the vessel. In
order to make the appropriate decision, one must consider
anatomy, collateral circulation, and overall vascular status
of the patient. Aortic, common iliac, or external iliac arterial
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injuries need to be repaired. Internal iliac artery injuries
should be repaired if they are proximal to the superior gluteal
artery. When the injury is distal to the superior gluteal
artery, consideration can be given to ligation of the internal
iliac artery if good collateral flow exists from the contralateral
artery (10).

Visceral arterial injuries can be devastating and are
associated with a high level of mortality. Injury to the celiac
axis, superior mesenteric artery, or inferior mesenteric artery
can present with bleeding or a mesenteric hematoma. It is
recommended that superior mesenteric artery injuries be pri-
marily repaired. Consideration can be given to ligation of the
celiac axis or inferior mesenteric artery if adequate collateral
circulation exists. Otherwise, repair of these injuries must be
performed (11).

Renal artery injuries are approached individually. If a
kidney is to be removed, then a renal artery injury may
result in earlier vessel ligation than anticipated. However,
if kidney preservation is desired (i.e., solitary kidney or par-
tial nephrectomy) then the artery must be repaired.

Splenic artery injuries are also approached individually
with usually ligation or splenectomy. Rarely are these inju-
ries repaired.

Before repairing a major arterial injury, the basic princi-
ples of vascular surgery must be understood. Once an injury
occurs and is identified, hemostasis is obtained by thorough
proximal and distal control of the vessel. Both the anterior
and posterior aspects of the vessel are inspected to survey
for injury extent. A decision is then made with regard to liga-
tion or repair as outlined above. A low threshold for obtaining
intraoperative vascular surgery consultation is paramount as
patient safety is the first priority.

When repairing lacerations or transactions, the normal
caliber of the artery must be maintained. A narrowed vessel
has reduced flow and is at increased risk for thrombosis.
Lacerations can be closed using monofilament polypropylene
suture in either a continuous (i.e., large vessel) or interrupted
(i.e., medium or small vessels) fashion. Vein or Gore-Tex patch
grafts are used as needed. Sutures should always be passed in
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the direction of blood flow when possible to limit the likelihood
of intimal elevation.

For a complete transection, an end-to-end anastomosis is
most desirable, with an end-to-side anastomosis the next best
alternative. The advenitia of the vessel is removed from the
site where the repair is to take place. Care is taken not to
injure the intima. Double-armed corner sutures are placed
180� apart and tied. Sutures are then placed, beginning at
the corners and working toward the middle. The vessel can
be flushed with a dilute heparin solution at the beginning
and just before placing the final suture in order to decrease
the likelihood of air emboli. Systemic heparinization is consid-
ered if there is total arterial flow occlusion to the lower extre-
mity for a prolonged period of time during injury repair (7).

With laparoscopy, the surgeon has additional tools
within his or her armamentarium to combat vascular inju-
ries. In some instances, electrocautery or clips may be all
that is needed to obtain hemostasis. However, care must be
taken not to narrow or occlude vital vessels. A Foley catheter
loaded with a catheter guide may be passed through a trocar,
positioned into a laceration, and then the balloon inflated
in order to tamponade bleeding. Furthermore, the extre-
mely experienced minimally invasive surgeon may be able
to laparoscopically repair large artery lacerations with skill-
ful suturing (6).

When a major arterial injury is not diagnosed until the
postoperative period, the management approach may be dif-
ferent. Certain injuries can be observed with serial hematocrit
assessments and transfusions as necessary. A decision for
radiologic or surgical intervention can be made based upon
the patient’s clinical course. When there is arterial occlusion
secondary to thrombus formation or embolization, the need
for anticoagulation, thromboembolic therapy, or revasculari-
zation is determined based upon the individual case.

In addition to the strategies described above, major
venous injuries can be managed by simple tamponade before
identification and repair or ligation. Through a 12 mm port,
a small laparotomy pad can be introduced and then applied
to the bleeding site. The insufflation pressure can be rai-

38 Yurkanin et al.



sed and the area is compressed for a few minutes. Slow with-
drawal of the pad with suction instruments nearby will
usually reveal the source of bleeding. Alternatively, during
hand-assisted laparoscopy, a large laparotomy pad is kept
within the abdomen throughout the case or is placed through
the handport when needed.

A unique complication that may not arise until later in
the postoperative period is an arteriovenous fistula, which
can result from en mass staple ligation of major arteries and
veins together. This complication can be relatively asympto-
matic or may cause significant cardiovascular compromise.
Depending upon the size of the fistula and its impact on overall
patient health, the fistula may be observed or treated. Treat-
ment options include angiographic embolization or surgical
exploration with repair or ligation.

PREVENTION TECHNIQUES

Major arterial injuries can be some of the most devastating
injuries encountered in laparoscopic surgery. The key to these
injuries is to prevent them from occurring. This is best done
with a firm knowledge and understanding of vascular ana-
tomy, precision and delicacy with Veress needle and trocar
placement, meticulous surgical dissection, and conversion to
an open procedure when necessary before encountering an
injury. Patient safety is of utmost importance and should
always be the first consideration in the surgeon’s mind during
any procedure.

KEY POINTS

� Major arterial injuries are rare, but significantly
impact procedure success and patient outcome.

� Prevention is paramount.
� Intraoperative diagnosis by identifying hemorrhage

or a hematoma; look for hemorrhage under low pres-
sure conditions at the end of the procedure.

Vascular Injuries of Urologic Laparoscopy 39



� Tamponade may help identify the location of vascular
injury.

� Postoperative diagnosis through patient complaint,
physical exam, laboratory tests, or diagnostic study.

� Determine if reasonable to ligate the vessel or if
repair is necessary.

� Laparoscopic repair may be feasible, but open conver-
sion is likely.

� Vascular surgeon or interventional radiology consul-
tation when necessary.

� Patient safety is the main priority.
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INTRODUCTION

Laparoscopic nephrectomy has evolved since the first repor-
ted case by Clayman et al. (1) and is an acceptable alternative
for live renal donation (2,3) and the treatment of benign (4,5)
and malignant disease (6,7). Early challenges the procedure
involved the controlled ligation and division of the renal artery
and renal vein. The GIA was developed and allowed for safe
controlled ligation and division of the intended vessel. Failure
of the device, however, can be associated with severe conse-
quences including emergent conversion to an open procedure
and the possible loss of renal allograft in cases of live kidney

43



donation. The majority of problems, however, can be avoided
with careful application and recognition. Many failures, espe-
cially if recognized prior to release of the device, can be mana-
ged without conversion to an open procedure.

SCOPE OF THE PROBLEM

Two recent reviews have examined prevalence of stapler mal-
functions (8,9). Primary device failure is an uncommon event.
Both Deng et al. and Chan et al. reported a primary device
failure of 0.3% and 0.2%, respectively. In most cases, the
device failures are preventable and usually associated with
surgeon or surgical team error (Table 1).

Deng et al. also searched the U. S. Food and Drug Admin-
istration Manufacturer and User Facility Device Experience
Database (MAUDE) and found 60 reported laparoscopic endo-
vascular stapler problems in 55 patients. The prevalence was
not calculated as the database is voluntary and does not report
or estimate the number of staplers and reloads used. The mal-
functions noted include (1) defect in the unused product, (2)
abnormal jaw closure, (3) problem with deployment, (4) pro-
blem with stapler removal, (5) staple line bleeding, and (6)
incomplete transection of tissue.

Table 1 Etiology of Failures

Etiology Number

Preventable causes 7
Device deployed over previous surgical clip 5
Caval injury from entrapment in sliding mechanism
of device

1

Incomplete transection of vessel 1
Primary instrument failure 3
Missing row of staples 1
Failure of ligation 2
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PREVENTION

The most important first step in management of stapler mal-
function is prevention and early recognition. Prior to applica-
tion, the stapler device should be carefully inspected to ensure
proper loading, alignment, and the presence of staples. This will
prevent problems with the product and avoid misalignment and
firing. In one case reported, there was absence of proximal row
of staples. This resulted in immediate laparotomy.

Similarly, the surgeon should use surgical clips judi-
ciously and keep an accurate count of surgical clips near the
hilum. This will prevent and reduce the risk of entrapping
clips within the jaws of stapler. Staple clip entrapment can
lead to misalignment and incomplete stapling and premature
transection. The Ligasure device (Valley Labs, Boulder, CO)
has been used for control of small vessels around the hilum.
This device has been approved for ligation of vessels less than
7mm and obviates the use of metallic elements that could
interfere with the stapler device closure and application.

Proper GIA placement is also important to prevent
incomplete vessel transection or injury to adjacent tissue from
the sliding mechanism of the proximal portion of the GIA
device. If the jaws of the stapler do not close completely, the
device should not be deployed. The stapler should be release
and reexamined. If the stapler will not fire easy, do not force
the stapler. This may be a sign of an empty stapler cartilage.
One should not use excessive force to override the lockout
mechanism. This will result in tissue transection without
ligation.

If the activation of the device is not smooth, GIA misfire
should be suspected. If malfunction is recognized early, prior
to release of the stapler device, placement of surgical clip or
secondary GIA device proximally may be possible for vascular
control. It is often prudent to pause after firing the stapler
device and inspect for bleeding prior to release of the stapler.

If bleeding is noted, the GIA device should be kept in
place until definitive management has been established. Sur-
geon experience ultimately mandates the final decision to
either convert to an open procedure or to try to control the
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problem laparoscopically. There should be, however, a low
threshold for laparotomy with living donor nephrectomy
where both donor and renal allograft are at risk.

The early recognition of malfunction prior to release of
the device is quintessential in the ability to manage these com-
plications laparoscopically. If bleeding does ensue, the surgeon
may try to control bleeding with direct pressure and improved
exposure. An additional 10–12mm trocar may be placed to help
with laparoscopic management. Most failures can be managed
without conversion to an open procedure by prompt recogni-
tion, and immediate control of bleeding with direct pressure.
Subsequent vessel ligation can often be achieved by either
intracorporeal suturing techniques or with the aid of such
devices as EndoStitch (US Surgical, Norwalk, CT) and fabri-
cated ‘‘knots’’ (LapraTy, Ethicon Endosurgery, Cincinnati,
OH), or placement of vascular clips. An additional application
of another GIA or TA stapler proximal to the malfunction is
often feasible. Prompt recognition allows for correction of the
situation without significant bleeding.

If bleeding is excessive or laparoscopic management is
not possible, there should be early consideration of open lapa-
rotomy for definitive repair. Again, surgeon experience and
comfort level will dictate the most efficient and effective man-
agement options (Table 2).

CONCLUSIONS

Use of the GIA is standard for control of renal hilar vessels
during laparoscopic nephrectomy. Failure of the device is
uncommon and is usually related to preventable causes. Most

Table 2 Management

Management Number

Laparoscopic 8
Proximal placement of GIA 3
Intracorporeal repair of vessel, proximal clip or suturing 5

Laparotomy 2
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malfunctions can be handled without conversion to an open
procedure and the incidence of primary device failure is very
low (<0.3%). The use of the GIA device for vascular control is
safe and effective.

KEY POINTS

� Judicious use and accurate count of surgical clips
near the hilum;

� ensure absence of clips within the jaws of the GIA;
� proper GIA placement to prevent incomplete vessel

transection or injury to adjacent tissue from sliding
mechanism of the proximal portion of the GIA device;

� suspect GIA misfire if activation of device is not
smooth;

� if malfunction is recognized early, i.e., prior to release
of device, placement of surgical clips or secondary GIA
device proximally may be possible for vascular control;

� if bleeding ensues during nephrectomy for benign and
malignant disease, try to control bleeding with direct
pressure and improved exposure;

� low threshold for laparotomy with live donor nephrect-
omy where both donor and renal allograft are at risk;

� surgeon experience mandates the final decision to
either convert to an open procedure or to try to control
the problem laparoscopically.
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Bowel Injury

TIMOTHY M. PHILIPS and JAY T. BISHOFF
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Base, Texas, U.S.A.

INTRODUCTION

Laparoscopy was initially performed by Kelling in 1901 (1),
and now almost a century later this technique has gained
global popularity and widespread use for many procedures
in multiple specialties. Because laparoscopic surgery offers
benefits over open surgery including less postoperative pain,
shorter convalescence, and improved cosmesis, it has replaced
laparotomy in many instances as the preferred route of treat-
ing surgical pathology. Surveys of complications from laparo-
scopy have been published for abdominal and pelvic proce-
dures. Intestinal injury represents a rare but potentially fatal
complication of any abdominal procedure. In laparoscopic
patients, the signs and symptoms of bowel injury may be
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different from that seen after traditional laparotomy. The fol-
lowing presents a review of the literature with respect to
laparoscopic bowel injury. Keys to the diagnosis of bowel
injury will be emphasized as well as the subsequent manage-
ment strategies. Prevention techniques and key points will be
highlighted at the end.

REVIEW OF THE LITERATURE

In a recent review, the combined incidence of reported laparo-
scopic bowel injury was 0.13% (266/205,969) (2). Small bowel
injuries accounted for 58% of intestinal injuries, followed by
colon 32% and stomach 7%. When considering only inju-
ries related to establishing primary entry access, injuries to
the small bowel reportedly account for 25% of all laparos-
copic complications with the colon and stomach accounting
for 12% and 1.6% of entry access injuries, respectively (3).
In smaller series, the incidence of bowel abrasion without per-
foration is reported to occur in 0.6% of patients (2).

The majority of reported injuries (69%) were not recog-
nized at the time of surgery (2). In fact, punctures to the small
and large bowel are significantly more likely than other inju-
ries to go unrecognized for 24hr to several days and account
for 76% of injuries with a 24-hr or greater delay in diagnosis
(3). The reported time to presentation of unrecognized bowel
injury after surgery depends upon the segment involved and
the etiology of the injury. Small bowel injuries are recognized
on an average of 4.5 days after surgery (range 2–14 days) and
large bowel injuries recognized on an average of 5.4 days
following surgery (range 1–29 days) (2). This is especially
important given the reported 20% mortality of laparoscopic
small bowel injury (3). When considering all complications
with a delay in diagnosis of greater than 24-hr of which bowel
injuries account for 76%, the mortality increases to 26%.
Duodenal injury, in particular, carries an exceedingly high
mortality, reported as high as 75% in some studies (4).

Fifty percent of bowel injuries are reportedly caused by
electrocautery and 32% occurred during Veress needle or
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trocar insertion (2). Thermal bowel injuries typically present
later than nonthermal injuries due to delayed breakdown
of the intestinal wall at the injury site. Blunt and sharp dissec-
tions, as well as injuries from grasping forceps, are certainly
known causes of bowel injury. Isolated cases of intestinal
injury attributable to ultrasonic shears and suction irrigators
have also been reported (5,6). In one study, 34% of all laparo-
scopic complications occurred during the set-up phase (crea-
tion of pneumoperitoneum and installation of trocars),
emphasizing the importance of this portion of a laparoscopic
procedure (6).

Commonly reported technical errors during trocar inser-
tion include inadequate stabilization of the abdominal wall,
inadequate size of trocar site incision, excessive resistance
to trocar insertion, misdirected or poorly controlled force direc-
ted by the surgeon along the axis of the trocar (8). El-Banna
et al. (4) found that 50% of the bowel injuries occurred at the
hands of experienced surgeons who had performed >100
laparoscopic cases. This was attributed to the experienced sur-
geon’s likelihood of performing more advanced cases, espe-
cially in patients with previous abdominal surgeries, as well
as a higher threshold for converting to laparotomy.

KEYS TO DIAGNOSIS

In laparoscopic surgery, if a bowel injury is not identified
intraoperatively, it can be subsequently difficult to identify
this iatrogenic injury in the postoperative period. Since the
majority of injuries are not recognized during surgery, they
present at variable times during the postoperative period.
The diagnosis of a complication in the postsurgical abdomen
is often challenging. Subtle and possibly serious changes can
be masked by postoperative pain, narcotic medications, and
antibiotics, creating a diagnostic dilemma for even the most
experienced surgeon. Typically, postoperative peritonitis from
an anastomotic leak or perforated viscus would be expected
to present with ileus, worsening abdominal pain, abdominal
rigidity, leukocytosis with a left shift, fever, large volume
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fluid requirements, followed by tachycardia and hypotension
(9,10). However, the signs and symptoms of bowel injury in
postoperative laparoscopy patients often present in a different
fashion compared to those typically associated with intra-
abdominal processes and sepsis. Patients should always be
informed of the small risk of visceral injury in laparoscopic
surgery and should be instructed on how they recognize these
early symptoms of injury so that definitive diagnosis and
prompt intervention can be employed.

The most opportune time to diagnose a bowel injury is at
the time of occurrence. Overt signs of bowel injury include
the detection of foul smelling gas or greenish fluid at the time
of surgery or from the open end of a Veress needle or trocar
upon the initial establishment of pneumoperitoneum (11). If
this occurs, but there is still some doubt of a bowel injury,
syringe aspiration can be used. If an injury is still not detected,
insertion of the laparoscope at this time may allow the visua-
lization of bowel mucosa. Insufflation pressures that become
elevated very quickly after establishing pneumoperitoneum
are also concerning for a possible cannulation of the small
bowel with a trocar or Veress needle (12). If there is slight leak-
age without obvious extravasation, the laceration is unfortu-
nately likely to remain unrecognized intraoperatively.
Moving small bowel loops and the greater momentum tend
to hide the defect and even close the leakage temporarily
(13). Despite the initial clues, bowel injury can still go unno-
ticed during the initial operation.

In a review of the literature by Bishoff et al., of 10 pat-
ients with bowel perforation four were unrecognized at the
time of surgery (Table 1). The initial presenting complaint
in all patients with unrecognized injury was persistent and
relatively increased trocar site pain at a single trocar site,
without significant erythema or purulent drainage (2). At
the time of subsequent exploration, the painful trocar site
was found to be closest to the injured bowel segment. In this
group, symptoms were initially nonspecific including abdom-
inal distension and diarrhea. However, ileus, diffuse abdom-
inal pain, nausea, and vomiting were uncommon findings
(Table 2). Surprisingly, only one patient displayed a fever
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greater than 38�C, and none of the patients developed a leuko-
cytosis or peritoneal signs. In fact, all but one patient dis-
played leukopenia. Two patients with colon injuries after
staging pelvic lymph node dissection had rapid onset of sepsis
and died within 4 days of surgery. Both patients had a clinical
presentation that was atypical for an intraabdominal abscess
including fever <38�C, no peritoneal signs, persistent bowel
sounds, diarrhea and leukopenia in the postoperative period.

These findings are particularly interesting, in that the
majority of patients did not present in the typical fashion.
Instead, these patients had low-grade temperatures and
all but one patient displayed leukopenia (1000–4000/uL).
Furthermore, ileus, abdominal pain, nausea, and vomiting
were uncommon complaints. While patients reported gene-
ralized discomfort consistent with surgery, the initial present-
ing complaint in all patients with unrecognized bowel injury
was persistent and relatively extreme trocar site pain at
the site closest to the bowel injury. No purulence or erythema
was noted at any of the trocar sites. The exact nature of
the trocar site pain is unknown, but likely represents local

Table 2 Unrecognized Laparoscopic Bowel Injury Patients Pre-
senting Signs and Symptoms

Patient number

Signs and symptoms #1 #7 #8 #9 #10

Trocar pain Y Y Y Y Y
Abdominal distension Y Y Y Y Y
Leukopenia Y N Y Y Y
Diarrhea Y N Y Y Y
Cardiovascular
collapse

N N Y Y Y

Ileus N N N N Y
Abdominal pain N N N N N
Leukocytosis N N N N N
Fever> 101 N N N Y N
Nausea Y N N Y Y
Vomiting N N N Y Y

N¼patient did not present with this sign or symptom; Y¼patient did present with
this sign or symptom.
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irritation from bowel contents. In each case, symptoms inclu-
ded abdominal distension and diarrhea in the face of persis-
tent bowel sounds and absence of severe abdominal pain or
peritoneal signs.

Others have described a similar presentation of bowel
injury in the laparoscopic patient. Thompson and Wheeless
reported on five patients with unrecognized bowel injuries
after laparoscopic sterilization. These patients presented
within 3 days after the procedure with nausea, diarrhea, anor-
exia, low-grade fever, persistent bowel sounds, and a low or
normal white blood cell count (4000–10,000). In this series,
only two of the patients presented with ileus and peritoneal
signs. All of the patients underwent laparotomy for drainage
of an abscess and with resection and repair of the damaged
bowel segment (14).

Small bowel perforation presenting in the postoperative
period with only persistent excessive external fluid leak from
the periumbilical area after laparoscopic surgery, with no drai-
nage from other incisional sites, has also been reported (15).

The exact etiology for the unusual presentation of laparo-
scopic bowel injury compared to open surgery is not currently
known. Iatrogenic internal to external canalization between
the small intestine and the skin has been proposed as a possible
mechanism for the masked clinical signs and symptoms of small
intestinal injury in laparoscopic surgery (15). Other series sug-
gest that the postoperative response to bowel injury in laparo-
scopic surgery may be different from that of the open patient
(2). The lower immune and metabolic stimulus that is caused
by laparoscopic surgery may allow a more rapid progression
toward sepsis before the natural homeostatic responses have
occurred. The possibility that laparoscopic surgery produces less
of a metabolic or immune response compared to open surgery
has been explored. The severity of surgical injury is a major
determinant of the degree of the immunologicaland metabolic
reactions, which follow in the postoperative period (16).

Laparoscopic surgery is accomplished in the absence of
a large skin incision, which in many cases is the site of max-
imum trauma. Less tissue destruction may result in less
stimulation of acute-phase reactions and consequently may
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reduce the postsurgical metabolic and cytokine response. This
difference may account for the unusual signs and symptoms
seen in patients with laparoscopic bowel injury. Interleukin-6
(IL-6) is known to be a marker of tissue damage and is
involved in the modulation of local inflammation and sys-
temic acute-phase response resulting in synthesis of acute-
phase proteins such as C-reactive protein (17,18). Whether
or not laparoscopic surgery changes this response when com-
pared to open surgery is controversial. There have beenmultiple
reports comparing postoperative IL-6 levels after laparoscopic
vs. open cholecystectomy. Most of the studies indicate that
laparoscopic surgery was associated with significantly lower
postoperative IL-6 responses compared with open surgery
(19–21). Mealy et al. (22) found reduced levels of C-reactive pro-
teins in laparoscopy vs. open cholecystectomy. In contrast,
McMahon et al. (23) found no reduction in interleukin-6 or
C-reactive proteins in a similar trial comparing open and laparo-
scopic cholecystectomy patients. Harmon et al. (24) compared
serum IL-6 levels in patients who underwent laparoscopic
colectomy to open colectomy levels and found that IL-6 levels
were significantly lower in the laparoscopy group during the
first 24hr after surgery (24).

Failure to recognize and promptly treat a bowel injury
results in a high rate of morbidity and mortality. Computer-
ized tomography is indicated in laparoscopic patients with
clinical findings suspicious for bowel injury in the early post-
operative period and can reliably identify bowel perforation,
postoperative bleeding, urinoma, and urinary obstruction
(25). Plain upright or decubitus abdominal films have also
proven reliable for the diagnosis of free intraabdominal air
as a marker for bowel injury in the postoperative laparoscopic
patient, such that the presence of free air 48–72hr after
laparoscopy may indicate the presence of a bowel injury (4).
The laparoscopic surgeon must use clinical judgment, but if
a patient is not progressing as would be expected at the 48hr
mark, then it is prudent to obtain a CT with oral and intra-
venous contrast to rule out bowel injury. The morbidity
will increase dramatically after this point if diagnosis is
delayed.
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MANAGEMENT STRATEGIES

When a bowel perforation is recognized, immediate repair is
indicated during that initial laparoscopic procedure. Several
reports have shown the safety of laparoscopic repair and
avoidance of colostomy even in the presence of rectal injury
(26). Nezhat et al. reported on enterotomies repaired laparo-
scopically in 26 patients (small bowel—nine, colon—four, rec-
tal—13) who preoperatively had mechanical and antibiotic
bowel preparation. They reported no complications following
laparoscopic enterotomy repair and all patients were dis-
charged within 3 days (27). Injuries that present in the post-
operative period will require open laparotomy in almost every
case. In the review of the literature, 80% of late laparoscopic
bowel injuries presenting in the postoperative period were
managed with laparotomy (2). Other patients with diagnosed
bowel injures were managed with total parenteral nutrition
and percutaneous drainage or expectantly in the face of sepsis
and cardiovascular collapse. In that review, 3% of patients
(8/266) were reported to have died as a direct result of their
unrecognized bowel injury. In a review by El-Banna et al.
(4), immediately identified injuries to the small bowel and
large bowel segments were repaired with good results. How-
ever, injuries with a delay in diagnosis usually required exter-
iorization of the injured segment and subsequent repair while
one patient with an injury to the ascending colon required
colostomy and drainage with interval colostomy takedown.

PREVENTION TECHNIQUES

Given that a significant percentage of bowel injuries occur
while establishing primary entry access, this a crucial time
during any laparoscopic procedure to institute safe stra-
tegies for injury prevention. Even after the exclusion of well-
known causal factors such as inadequate instrumentation,
poor technique, or insufficient training, there is still a substan-
tial risk of bowel perforation mainly attributable to abdominal
adhesions.
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Many advocate that the best way to avoid visceral injury
during trocar insertion is to use the open Hasson technique,
whereby the trocar is inserted into the peritoneal cavity under
direct-vision prior to the establishment of pneumoperitoneum.
This has been especially advocated in very thin or obese indi-
viduals, in pediatric patients, and in patients who have had
previous abdominal surgery (3). However, despite placement
of trocars under direct vision with the Hasson technique,
a continued bowel injury incidence of 0.06% has been repor-
ted (8) and multiple studies have documented no statis-
tical difference in bowel injury rates when compared to closed
techniques.

If a closed technique is used, the first trocar should be
placed at a site remote from previous abdominal incisions
with a high likelihood of underlying adhesions (8). In these
cases, a previously established pneumoperitoneum through
the use of a Veress needle or mechanical splinting should be
used, and the axial force on the trocar should be controlled
to avoid contact of the trocar tip with viscera or the retroperi-
toneum (8). The trocar incision site should be large enough to
allow the trocar to enter without the edge being trapped by
the skin, which can suddenly give way during insertion and
injure underlying structures.

Alternative sites for the insertion of the Veress needle have
been proposed to include a point located 3 cm inferior to the
costal arch in the left mid-clavicular line (Palmer’s point) (28).
This site is usually free of adhesions, even in previously oper-
ated patients. To compliment this technique, more recently
microlaparoscopes have been introduced that can be advanced
through the outer sheath of a matching Veress needle. These
laparoscopes have optics sufficient for diagnostic purposes and
can be used to inspect the peritoneal cavity to include the under-
side of the anterior abdominal wall. As a viable means for the
assessment of adhesions, the microlaparoscope can be used to
directly visualize the insertion of the primary trocar through
an appropriate site in the anterior abdominal wall (29). How-
ever, it must be noted that to date there has not been a documen-
ted decrease in the incidence of bowel injury using this
technique.
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One novel design intended to avoid visceral injury is the
direct-view trocar. The laparoscope and cannula are inserted
as a unit, and the surgeon can see the tissues as the trocar
passes through them. Presumably, the surgeon would be able
to see a viscus early enough to stop short of perforating it.
Although there are claims that this device is safer than con-
ventional cutting trocars, they have not become popular (8).

A through and through perforation of small bowel adher-
ent to the anterior abdominal wall can occur without the
surgeon’s knowledge. If a trocar is placed completely through
a viscus, the operator will not see the damage, as it will be
behind the camera. If a Veress needle is put through a loop
of bowel and enters the peritoneal cavity, it will test as being
properly placed. The surgeon should be able to see this com-
plication by placing the camera through another port and
inspecting the Veress needle insertion site. As a result, this
maneuver has been recommended at the beginning of every
procedure.

Any patient undergoing laparoscopy should have an
orogastric tube inserted to decrease gastric distention and
avoid gastric injury during Veress needle and trocar place-
ment. A bowel preparation in some patients may also be use-
ful in decreasing soilage of the peritoneal cavity in the event
of bowel injury, by facilitating operative maneuvers, and by
increasing the size of the intraperitoneal free space (11).
Trocar placement should be avoided near scars from previous
abdominal surgery.

An additional source of intestinal injury during laparo-
scopy and thus an area for secondary prevention is intra-
operative intestinal abrasions. While most series report only
bowel perforations, the recent series by Bishoff et al. (2) inclu-
ded serosal abrasions as bowel injuries because one patient
who had a seemingly insignificant and thus unrepaired sero-
sal abrasion during intestinal mobilization later developed an
abscess and enterocutaneous fistula. This abscess was deter-
mined to be in the area of the known abrasion. Subsequent
to this event, all serosal abrasions regardless of severity were
repaired by over sewing the area to protect from fistulization
and abscess formation.
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Over half of laparoscopic bowel injuries reported in the
literature is reported to be caused by electrocautery insult.
Thermal injury can be prevented with vigilant surveillance
of cautery contact points during dissection. Energy should
be applied to the tip only when in contact with target tissues.
Furthermore, the laparoscopic surgeon should avoid applica-
tion of monopolar electricity to ductlike strands of tissue that
may be attached to bowel. Waye et al. demonstrated the ease
of raising the temperature of tissue many centimeters from
the operative site by using monopolar electrocautery. They
were able to show that if a temperature differential of 30�C
was reached for only 2 sec, tissue death occurred (2). Addition-
ally, cautery effect has been demonstrated after an electrical
burn in bowel as far as 5 cm away from the site of injury (30).

Since only 10–15% of the entire laparoscopic instrument is
visualized during surgery, breaks in the integrity of the insu-
lated coating and capacitive coupling can occur along the shaft
of the instrument or through ametal trocar resulting in thermal
injury to bowel out of the surgeons view. Capacitive coupling has
been shown to occur along the shaft of some instruments where
the insulation coat is relatively thin. This stray energy may be
responsible for otherwise unrecognized, unintentional injury
during monopolar laparoscopic electrosurgery (31,32). The
laparoscopic surgeon should be aware of the warning signs of
metal to metal arching during surgery, such as involuntary con-
traction of abdominal muscles, hissing sounds within the trocar
or ‘‘lightening’’ artifacts on monitors and electrical equipment
(33). Also a reduction in the expected electrosurgical effect at a
given power setting and energy mode may indicate that some
of the electroenergy had dissipated away from the tip of the elec-
trode. An increase in the power output should be avoided and a
check of system integrity should bemade. The occurrence of cau-
tery injury outside the surgeon’s field of view can be minimized
through the use of active electrode monitoring (AEM) devices or
insulation scanners for monopolar instruments and bipolar elec-
trocautery. The ElectroscopeTM AEM system (Electroscope, Inc.,
Boulder, CO) includes a unique set of laparoscopic instruments
that are simultaneously connected to a standard electrocautery
machine and to a separate device that continuously searches
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for stray energy escaping along the shaft of the instrument and
deactivates the electrosurgical generator before injury can
occur. The integrity of the insulated coating on the shaft of
laparoscopic instruments can also be determined on the back
table, prior to placing the instrument into the patient, using
the InsulScan (Medline Industries, Inc., Mundelein, IL).

As a result of the known complications of electrocautery in
laparoscopic surgery, the use of the ultrasonic coagulating
shears has been advocated as producing less thermal injury
in animal models than electrocautery during laparoscopic dis-
section (11). Ultrasonic dissection separates tissues with a cavi-
tational effect and achieves hemostasis by disrupting protein
structure and forming a coagulum, producing minimal local
heat. Though this intuitively results in a safer means of tissue
dissection as opposed to electrocautery, the exact incidence of
bowel or other visceral injury attributable to the use of ultraso-
nic dissection techniques in not known. While electricity is not
produced at the tip of the harmonic shears, the tips of the shears
do become hot during coagulation and can injure bowel seg-
ments if used for dissection following activation. There are
reported cases of bowel injury using ultrasonic techniques
(5,34).

Laparoscopic bowel injury is a rare complication with
potentially devastating consequences if not promptly recog-
nized and treated. In the laparoscopic patient, the presenting
signs and symptoms may differ from classical teachings about
the acute abdomen. Immediate repair of injuries in the operat-
ing room is recommended. The diagnosis of an unrecognized
bowel injury may be difficult in the postoperative period.
Prompt imaging with a CT scan of the abdomen and pelvis is
a valuable diagnostic tool and immediate surgical exploration
is required when a bowel injury has been identified.

KEY POINTS

� Bowel injury occurs in less than1%of laparoscopic cases.
� Small bowel is the most commonly injured bowel seg-

ment and electrocautery is the most common cause of
injury.
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� The clinical presentation following bowel injury can
be confusing.

� Patients with unrecognized bowel injury typically
have severe pain at one trocar site, abdominal disten-
sion, diarrhea, and leukopenia. They rarely present
with ileus, peritoneal signs, and leukocytosis.

� Failure to recognize the presence of bowel injury in
the postoperative laparoscopic patient can rapidly
lead to septic shock and death.

� Minor appearing serosal abrasions can develop into
full thickness bowel injuries and should be over sewn
when recognized.

� When bowel injury is suspected, CT scan can assist
with the diagnosis. Prompt surgical exploration may
be required.

� Unrecognized bowel injuries can be avoided by careful
Veress needle and trocar placement and vigilance
during dissection with electrocautery and ultrasonic
shears.
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GALLBLADDER INJURIES

Gallbladder removal is one of the most commonly performed
laparoscopic procedures and can occasionally be done in the
same setting with a right laparoscopic nephrectomy or adre-
nalectomy. Accidental injury of this organ during right-
sided urologic surgery may occur, as with any other organ.
Gallbladder injuries, while very rare during urologic surgery,
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may occur during retraction of the liver and abdominal entry
of laparoscopic instruments. If there is a laceration or punc-
ture injury to the body of the gallbladder with leakage of
bile, general surgery should be consulted for laparoscopic
cholecystectomy. Superficial cautery burns to the wall of the
gallbladder can be managed conservatively with placement of
a closed suction drain in the gallbladder fossa and observation.

At the Johns Hopkins Hospital from a total of 717 laparo-
scopic procedures for upper urinary tract pathology, two gall-
bladder injuries occurred during 236 right-sided procedures
(0.8%). One thermal injury and one tear after a difficult upper
renal pole dissection lead to two unplanned cholecystectomies.
On the other hand, elective removal of this organ at the time of
urologic surgery was performed in seven (2.9%) patients.
Operative times were 287.5 vs. 214.2min for the inadvertent
and the elective removal group, respectively. Operative times
depended on the primary urologic procedure performed and
not whether the cholecystectomy was planned or not. Time
required for gallbladder removal was similar in both groups.
No postoperative complications occurred in the accidental injury
group. On the contrary, a postoperative bilious leak occurred in
the elective removal group, which required TPN, drainage
under CT guidance, and common bile duct stenting during
ERCP, prolonging the patient’s hospitalization significantly.
Length of hospitalization was 5 vs. 6.4 days for the two groups,
respectively. Once an injury is detected, removal of the gallblad-
der can be easily performed, but proper technique is required
since a complication can occur even in selected planned cases.

PANCREATIC INJURIES

Intentional laparoscopic pancreatic resection for pancreatic
diseases has been reported in the general surgery literature
(1,2), but transection of this organ during urologic surgery
is rare. If pancreatic injury is unrecognized, postoperative
complications such as acute pancreatitis, pancreatic leakage,
and pancreatic fistula can occur. Because of the severity of
these complications, pancreatic injuries are usually presented
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separately in large series of laparoscopic urologic surgery and
occur in about 0.2% of cases (3,4).

At the Johns Hopkins Hospital from a total of 717 lapa-
roscopic procedures for upper urinary tract pathology, four
pancreatic injuries occurred during 481 left-sided procedures
(0.8%). Injuries occurred during difficult dissections for renal
cell carcinoma (2), pheochromocytoma (1), and a mature cystic
teratoma of the adrenal (1). Mean estimated blood loss was
237.5mL and mean operating time was 215min. In only one
case, the pancreatic injury was recognized intraoperatively,
but was considered small with no duct involvement and no
further management other than drain placement was neces-
sary. All other injuries were not recognized intraoperatively.
In two patients, acute pancreatitis developed postoperatively
resulting in a pancreaticocutaneous fistula in one. Conserva-
tive management with TPN was necessary in these patients,
while multiple CT-guided drainage of the recurring pancreatic
collection was necessary in one patient. In one case, pancreatic
tissue had been resected with the endovascular stapler and
the only evidence of injury was the existence of pancreatic
tissue in the pathologic specimen.

No patient died although the hospital stay in one was
significantly prolonged (mean hospital stay was 18 days,
range 4–57 days). Only three patients had two Ranson cri-
teria present, fact confirming the low severity of injuries in
our small series of patients.

Injuries of thepancreatic tail are rare, butmayoccurduring
difficult dissection on left-sided procedures. Usually, these inju-
ries can be missed intraoperatively. The clinical presentation of
these injuries span between the two extremes; from an inciden-
tal finding of pancreatic tissue in the pathological specimen to a
prolonged postoperative course requiring multiple procedures.
Conservative measures and drainage are usually enough in
the majority of cases since these are of low to medium severity.

Splenic Injuries

Splenectomy complicating left open nephrectomy has an inci-
dence as high as 10%. The mechanisms of splenic injury can
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occur similarly in laparoscopic surgery, especially with large
tumors of the upper pole of the left kidney. Published laparo-
scopic series report a splenectomy rate of 0.5% (3). Several
methods may lessen the risk of splenic injury (5). When
practical, a retroperitoneal approach significantly reduces
splenic injury. Multiple studies have recognized that traction
on the splenic ligaments is the leading cause of injury. Ade-
quate incision of the lieno-colic, lieno-renal, and lieno-omental
bands will allow for passive reflection of the pancreas and
spleen. Splenorrhaphy is possible with minor injury with
fibrin sealant reported to be successful (6). In cases of severe
blood loss, coagulopathy, or patient instability, splenectomy is
preferred with general surgery consultation as required.

KEY POINTS

� Laceration or puncture injury to the gallbladder
should be treated with cholecystectomy.

� Minor superficial gallbladder burns should be moni-
tored with closed suction drainage.

� Conservative measures will treat the majority of pan-
creatic injuries.

� Adequate incision of splenic ligaments can reduce the
risk of injury during left nephrectomy.
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INTRODUCTION

The liver is one of the largest solid organs in the body, making
up approximately one-fiftieth of the total body weight. The
intraperitoneal lower border of the liver extends well below
the costal margin on the right side. It is made up of two lobes
separated by a line drawn from the IVC to the gallbladder
fossa, and has a dual blood supply from the hepatic artery
and portal vein. Due to its large size and intraabdominal loca-
tion it is at risk for injury during transperitoneal laparos-
copic operations. The majority of injuries occur either during
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needle/trocar insertion or from retraction of the liver during
right kidney or adrenal surgery. Fortunately, the majority
of injuries to the liver encountered during urologic laparo-
scopy is minor and can be managed laparoscopically. How-
ever, urologists should have a low threshold for conversion
to an open procedure if an extensive injury occurs.

ABDOMINAL ACCESS AND LIVER RETRACTION
INJURIES

A small percentage of laparoscopic vascular and organ injuries
occur during initial abdominal access with the Veress needle or
from initial trocar entry. Fortunately, the liver is rarely
involved. A review from four German centers that performed
2407 urologic laparoscopic cases reported an overall complica-
tion rate of 4.4% (1). Themost common injurieswere to vascular
structures (1.7%) and to the viscera (1.1%). Of these, 0.2%
occurred during initial abdominal cavity access, with liver
injury not specifically mentioned. In a prospective review by
Schafer et al. (2) of laparoscopic procedures performed by the
Swiss Association for Laparoscopic and Thoracoscopic Surgery
between 1995 and 1997, there were 22 trocar and four needle
injuries (incidence¼ 0.18%). The small bowel was the single
most affected organ (six cases), followed by the large bowel
and the liver (three cases each). Of the 23 injuries noted intrao-
peratively, only five (21.7%) could bemanaged laparoscopically,
with the balance requiring open conversion and repair. In an
effort to minimize the incidence of access-related injuries, open
trocar placement (Hasson technique) has been advocated.How-
ever, even with this technique, iatrogenic injury may occur (3).
Also, the recent description of a radially expanding trocar sys-
tem (VersStep Access System, US Surgical Corporation, Nor-
walk, CT) has also been reported to decrease access-related
complications. Shekarriz et al. (4) recently used these trocars
in 62 upper tract urologic laparoscopic cases (24 with prior
abdominal surgery) without any access-related complications.

Liver retraction is commonly required when performing
procedures on the right kidney and adrenal gland. Unfortu-
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nately, improper retraction or inadvertent retractor move-
ments can result in liver laceration, though its frequency is
unreported. Prior to liver manipulation, all adhesions to the
peritoneum or surrounding structures must be taken down
to prevent tearing of the liver capsule with retraction. We
tend to favor a 3mm locking grasper that is placed across
and under the edge of the liver from medial to lateral. This
is held in place by locking onto the peritoneum of the right
abdominal wall (Fig. 1). Since it is placed across the liver,
there is minimal opportunity for liver injury even when the
liver is outside the laparoscope’s field of view. A fan retractor
or S-shaped retractor can also be placed under the liver for
retraction but their larger profile may interfere with the
intended dissection. Pautler et al. (5) have developed an
articulating retractor holder that is secured to the operating
table for retraction of the liver or spleen during kidney and
adrenal procedures. As without technique, not only does a
mechanical holder free the assistant surgeon from holding a
retractor, it will not move or fatigue. Therefore, a blunt liver
retractor that does not impair dissection, and will not change

Figure 1 Three millimeter locking grasper retracting the liver to
expose the upper pole of the right kidney.
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position inadvertently during the procedure should help pre-
vent liver injuries secondary to retraction.

KEYS TO DIAGNOSIS

If there is a substantial injury to the liver during laparoscopic
surgery it will become evident quickly. After insertion of the
Veress needle into the right upper quadrant of the abdomen,
aspiration of blood or bile is indicative of a hepatic or gall
bladder injury. Should this occur, the abdomen is entered at
another location while leaving the Veress needle in place.
Once in the abdomen, laparoscopic inspection of the liver
injury can easily be done by following the path of the Veress
needle.

Injuries to the liver during trocar placement, liver retrac-
tion, or high retroperitoneal dissection are usually obvious as
soon as they occur, and are manifested by continuous hemor-
rhage. Small superficial lacerations may not be as obvious
and, therefore, the liver should always be systematically eval-
uated under a low intraabdominal pressure (5mmHg) at the
termination of the case. The low pressure may unmask par-
enchymal bleeding that can then be managed appropriately.
Inadvertent lacerations of the gallbladder can usually be seen
by the accumulation of bile in the gallbladder fossa.

MANAGEMENT STRATEGIES

The majority of injuries to the liver are minor, consisting of a
small laceration or puncture injury. If the bleeding is minimal
and not disrupting the surgical dissection, it should be left
alone as it may stop spontaneously. Persistent bleeding
requires cauterization with either electrocautery (at high
power settings) or the argon beam coagulator. Following this
maneuver, oxidized cellulose may be placed over the site and
welded to the surface of the liver with either the electrocau-
tery or argon beam electrocoagulator. In an effort to prevent
delayed hemorrhage or assist with persistent bleeding, fibrin
glue can be applied over the entire repair. Ishitani et al. (6)
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found that fibrin glue could be accurately applied to the base
of liver injuries using laparoscopic guidance with rapid con-
trol of hepatic bleeding. For bleeding after laparoscopic liver
biopsy, Dagnini et al. (7) advocate the use of a fibrin sponge
to plug the biopsy defect. This should also be considered for
significant lacerations.

Moderate hemorrhage associated with parenchymal
lacerations usually will not respond to electrocautery or the
aforementioned hemostatic agents. In these cases, repair is
usually accomplished with the use of parenchymal compres-
sion sutures. If indicated, consultation with a laparoscopic
general surgeon is recommended as this is not easily per-
formed laparoscopically and may prompt open conversion.
In an effort to increase visualization and decrease blood loss,
the general surgeon can perform the Pringle maneuver
(clamping the porta hepatis). This maneuver has been shown
to facilitate laparoscopic wedge resections and partial hepatic
lobectomies (8). Concerns of hemodynamic instability second-
ary to portal triad occlusion and pneumoperitoneum have
been disproved (9).

For those patients who suffer severe bleeding from the
liver because of laceration of a major hepatic vessel, a deep
or large parenchymal laceration, or the presence of a coagu-
lapathy, the only means of controlling the hemorrhage may
be temporary pack tamponade. This technique has only
been described in open surgery, and in the face of such
major bleeding, general surgery assistance and conversion
to an open procedure is mandatory. This would involve
packing the perihepatic region with multiple lap sponges
until the bleeding stops and then returning for pack
removal 24–96hr later when the patient is stable. A treat-
ment algorithm for laparoscopic liver injury is illustrated
in Figure 2.

Delayed hepatic bleeding is an extremely rare event,
which has been reported following percutaneous liver biop-
sies, though not after urologic laparoscopic procedures.
Nevertheless, awareness that this could occur is mandatory.
In a review of the world literature, Reichert et al. (10) in
1983 reported only 15 cases of delayed hemorrhage following
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liver biopsy that occurred between 36hr and 18days post
biopsy. The etiology was usually secondary to pseudoaneur-
ysm formation and patient presentation varied from no symp-
toms to hemobilia and massive fatal hemorrhage. Doppler
ultrasound and contrast CT imaging was used for diagnosis,
with selective visceral arteriography reserved for patients
with negative initial studies and a high index of suspicion.
First-line treatment for delayed hepatic bleeding should
entail selective embolization of the responsible hepatic artery
branch or pseudoaneurysm. This has a success rate of 97% as
reported by Tsai et al. (11) for pseudoaneurysms postcholecys-
tectomy. If embolization fails, hepatic lobectomy and open
exploration are required.

Figure 2 Treatment algorithm for laparoscopic liver injury.
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PREVENTION TECHNIQUES

Laparoscopic liver injuries may be difficult to manage; thus,
meticulous care to avoid them is necessary. Most injuries
usually occur during laparoscopic access, liver retraction or
when dissecting the upper pole of the right kidney and adre-
nal gland. Not placing the Veress needle in the right upper
quadrant will avoid many liver injuries. However, in patients
with hepatomegaly, the liver edge may extend across the mid-
line and below the umbilicus. Therefore, it is always prudent
to assess the position of the liver on the preoperative radio-
graphic images prior to Veress needle placement. Once within
the abdomen, injury from trocar placement is less likely as
these should always be placed under direct laparoscopic
visualization.

There are a number of different retractors and techni-
ques available for liver retraction during laparoscopic dissec-
tion of the right kidney and adrenal. We tend to favor a 3mm
locking grasper, which is placed through a 3mm port just
below the costal margin 1–2 cm to the left of the midline.
The instrument is then swept underneath the falciform liga-
ment and edge of the liver. The liver is elevated appropriately
and the peritoneum of the right abdominal wall is grasped to
lock the instrument in place (self-retaining). The key to avoid-
ing liver injury during this maneuver is to extend the grasper
under the entire right lobe of the liver so that the tip of the
grasper does not puncture the liver parenchyma. The alterna-
tive is the commercial fan-shaped retractors placed through a
separate lateral port (5 or 10mm). Again, the key to avoid
puncture injuries of the liver is to use a broad contact surface.

KEY POINTS

� Liver injury is rare during urologic laparoscopy.
� Injury can occur during access, liver retraction, and

kidney/adrenal dissection.
� Minor injuries are easily controlled with electrocau-

tery, argon beam coagulation, and oxidized cellulose.
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� Moderate injuries require intracorporeal suturing
and should be done in conjunction with a laparoscopic
general surgeon.

� Severe injuries mandate immediate open conversion.
� Liver injuries can be prevented by controlled abdom-

inal access away from the liver and broad-based
laparoscopic liver retractors.
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INTRODUCTION

With its clearly defined advantages over traditional open sur-
gery, laparoscopy has gained global popularity and widespread
use in the treatment of surgical pathological conditions in a
wide variety of specialties. Surveys of complications from
laparoscopy have been reported for abdominal and pelvic pro-
cedures (1). Injury to the diaphragm is an uncommon yet
acknowledged complication of laparoscopic surgery, and one
with potentially disastrous sequelae, especially if not recognized
intraoperatively.
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In the field of urology, laparoscopic renal surgery is
becoming part of the clinical armamentarium of more and
more surgeons. As surgeons learn this operation, they must
become familiar with the variety of potential complications
that exist. This includes the potential for injury to the pleura,
a complication commonly seen with open surgical approaches
but rarely during laparoscopic renal surgery. In addition, the
laparoscopist must learn surgical techniques for avoidance,
recognition, and management of a pleural injury and its
sequelae, including pneumothorax.

INTRAOPERATIVE RECOGNITION

Inadvertent entry into the pleural space during open flank
surgery is typically recognized intraoperatively and repaired
without sequela. Recognition of a pleural injury during lapa-
roscopic renal surgery may be more subtle and difficult to
identify, especially to the relatively inexperienced laparosco-
pist. Unlike its open counterpart, laparoscopic renal surgery
entails the use of carbon dioxide insufflation of the perito-
neal or retroperitoneal space under pressure. This insufflated
gas can enter the thoracic cavity through small, difficult to
recognize diaphragmatic tears, leading to sudden collapse of
the ipsilateral lung. The resulting pneumothorax may lead
to sudden changes in the intraoperative cardiopulmonary sta-
tus of the patient. An undiagnosed injury has the potential for
being a disastrous complication. Therefore, intraoperative
recognition and management of a pleural injury is a crucial
step in the learning curve for laparoscopic renal surgery.

Iatrogenic injury to the pleura during laparoscopic sur-
gery has been attributed to iatrogenic injury to the diaphragm,
biopsy of a metastatic implant on the diaphragm, congeni-
tal defects of the diaphragm, pneumomediastinum, and post-
operative vomiting (1,2). Most reports detailing pleural injury
during laparoscopic renal surgery have been limited to case
reports and technical considerations (3–7). Recently, our insti-
tution reported on a retrospective review of a large, multiinsti-
tutional series of laparoscopic renal cases, looking at the
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incidence of pleural injury, as well as the mechanism of injury,
intraoperative recognition, and management (8).

In this series, all cases where an intraoperative injury to
the pleura occurred during dissection of the kidney were per-
formed via an intraperitoneal approach. In six of these eight
cases, a recognized pleurotomy wasmade. This included injury
during splenic mobilization to expose the upper pole of the kid-
ney on the left side (two cases), liver mobilization to expose the
upper pole on the right side (two cases), mobilization of a large
tumor on the upper pole of the right kidney (one case), and dur-
ing mobilization of the ascending colon to expose the right kid-
ney (one case). Of these cases, three were associated with
injury from monopolar electrocautery, and three with injury
from the harmonic scalpel.

In the other two cases, no frank injury in the diaph-
ragm or pleura was recognized, but the surgeon noted the
diaphragm billowing down into the surgical field. One case
involved dissection of a large right mid pole renal tumor off
of the diaphragm, the other involved dissection of a large left
upper pole renal cyst off of the diaphragm. In both instances,
close inspection of the area where the lesion was adjacent to
the diaphragm revealed a small monopolar cautery burn.
Despite the absence of a clearly defined pleurotomy and any
respiratory findings, a diaphragmatic injury was strongly sus-
pected. Anesthesia reported no decrease in breath sounds,
acute hypercarbia, or change in inspiratory pressures in these
cases.

In two cases, injury to the diaphragm was due to inadver-
tent placement of a trocar through the pleural cavity. Both
cases involved laparoscopic extirpative renal surgery through
a posterior retroperitoneal approach. In each case, a trocar
was placed under direct vision along the costal margin too
close to the ribs and subsequently through the pleura. Soon
after trocar placement, the anesthesiologist noted carbon diox-
ide retention, hemodynamic instability, and no breath sounds
on the left side of the chest. Release of pneumoretroperito-
neum resulted in prompt resolution of all of these signs consis-
tent with a tension pneumothorax.

Pleural Injury During Laparoscopic Renal Surgery 85



MANAGEMENT

The review of our series showed that in the six cases, where a
definitive pleurotomy was recognized by the surgeon, the defect
was repaired laparoscopically. Anesthesia was consulted at the
time of injury to monitor respiratory sounds on both sides and
airway pressures. Although breath sounds became diminished
on the side of injury, and airway pressures became moderately
elevated, each patient remained hemodynamically stable with
no acute hypercarbia. In this instance, the pneumoperitoneum
is lowered from 15–20mmHg to 10mmHg, and the nephrectomy
completed with close monitoring of the patient’s hemodynamic
and respiratory status. After the specimen was removed, the
abdomen was reinsufflated and the pleurotomy addressed with
the kidney specimen no longer in the surgeon’s way.

The pleural cavity can be inspected with the laparoscope,
ensuring no direct pulmonary injury. Using the laparoscopic
automated suturing device (Endostitch, US Surgical, Norwalk,
CT) or laparoscopic needle drivers with a free needle and suture,
the diaphragmatic injury and pleurotomy is reapproximated
using four interrupted figures of eight, 2-0 vicryl sutures. Prior
to the final closure, air is evacuated from the pleural cavity by
placing the laparoscopic suction device through the defect
(Fig. 1A), and the stitches are secured (Fig. 1B). Alternatively,
the patient can be given a large inspiratory breath prior to secur-
ing the stitches. This was performed in two cases. The surgeon
then used a 6 French central line, modified by cutting extra side
holes and placed it into the sixth intercostals space anteriorly
using a Seldinger technique. Residual air was then aspirated
from the pleural space. Postoperative chest x-rays showed full
expansion of the lung in all but one case, where a residual pneu-
mothorax was seen. This was managed with postoperative tube
thoracostomy. The tube was removed on postoperative day 2,
and the patientwas discharged home the next day.No long-term
sequelae were noted in any patient.

Two cases involved diaphragmatic injuries suspected
when the surgeon noted billowing of the diaphragm into the
surgical field as a large lesion was being dissected off of
the diaphragm. This is classically referred to as the ‘‘floppy
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diaphragm’’ sign, and reflects the loss of negative pressure
within the diaphragm. In each case, despite the absence of
respiratory findings, there was strong clinical suspicion of a
diaphragmatic injury. A small cautery burn was discovered

Figure 1 (A) Pleurotomy sustained during laparoscopic donor
nephrectomy is closed with interrupted vicryl sutures. Air is evacu-
ated from the pleural cavity prior to securing final stitches using
the laparoscopic suction device through the pleurotomy. (B) Final
stitches are secured, closing the pleurotomy. (See color insert)
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on the diaphragm in the area of renal dissection. In both cases,
the intraabdominal pressure was reduced to 10mmHg and
an additional posterior trocar was placed to aid with cephalad
retraction of the ‘‘floppy’’ diaphragm. Laparoscopic sutures
were used to oversew the area where the cautery burn was seen
on the diaphragm. After this was completed, the billowing of
the diaphragm stopped, and the cases were completed. Prior
to extubation, a chest x-ray was obtained, which showed a com-
plete pneumothorax in one case, which was evacuated using
the previously described modified 6 French central line. The
second patient was found to have no residual pneumothorax.
No long-term sequelae were noted in any patient.

Our two cases involving placement of trocars into the
pleural cavity during retroperitoneoscopic nephrectomy were
ultimately managed with placement of a 24 French chest
tube. In one case, the trocar was placed at the beginning of
the case, and the patient showed increased airway pressures
soon afterwards, necessitating chest tube placement before
the procedure could be completed. In the second case, the tro-
car was placed at the end of the case prior to removal of a par-
tial nephrectomy specimen. Using a pressure of 10mmHg, the
surgeon was able to finish the case without difficulty before
proceeding with tube thoracostomy. Each patient was treated
with chest tube decompression for 48hr. Follow-up chest films
showed no residual pneumothorax. Both patients recovered
without complication.

DISCUSSION

Injury to the diaphragm is an uncommon yet recogni-
zed complication of several laparoscopic procedures (1,9,10).
Often, proper transabdominal exposure for both extirpative
and donor nephrectomy involves wide mobilization of intra-
abdominal organs including the liver, spleen, pancreas, and
colon. In addition, large upper or mid-pole renal lesions often
must be carefully dissected away from the body wall. Tears of
the parietal pleura may then allow passage of intraabdominal
CO2 under pressure into the pleural cavity and lead to pneu-
mothorax.
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Early recognition of a diaphragmatic injury is critical
for prompt management and avoidance of potentially danger-
ous sequelae, including pneumothorax, pneumomediastinum,
hypercarbia, and subcutaneous emphysema. In our series, the
majority of injuries occurred from surgical dissection close to
the diaphragm, either during mobilization of intraabdominal
structures for exposure of the kidney, or during dissection of
large mass structures off of the diaphragm. These injuries
were recognized immediately by the experienced laparoscopic
surgeon, and managed intraoperatively.

The timing of management of the injury is correlated with
the clinical condition of the patient. The anesthesiologist is a
critical component of the decision-making process for repair
of the injury. The anesthesiologist should be alerted immedia-
tely of the injury in order to monitor changes in the patient’s
cardiopulmonary status, as diffusion of carbon dioxide into
the pleural cavity often will result in a decrease in oxygen
saturation, an increase in airway pressures, an increase in
end-tidal CO2, decrease in breath sounds, and hemodynamic
instability (3). These are important parameters for the laparo-
scopic surgeon to understand, as a small injury to the pleura
may go unrecognized intraoperatively.

Once recognized, if the patient is stable, the procedure can
continue and the injury can be addressed at the end of the case.
Often times, we found that the kidney, especially if a large
tumor was present or other intraabdominal organs obstructed
the injury from the surgeon’s view, hindered immediate repair.
Once the case is completed and the specimen removed, there is
more room for the surgeon to safely repair the injury. A pleuro-
tomy can be oversewn using a variety of laparoscopic suturing
devices. Before securing the stitches, air is evacuated from the
pleural cavity using either a suction device, a modified central
line, or by having the anesthesiologist give the patient a large
inspiratory breath. With experience, most diaphragmatic inju-
ries can be repaired promptly and without the need for tube
thoracostomy.

The surgeon may be alerted to an unrecognized injury
by the ‘‘floppy diaphragm’’ sign, whereby the diaphragm
billows inferiorly with any degree of desufflation of the
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abdomen, thus reflecting the loss of negative pressure within
the diaphragm (4). In two cases in this series, there was
strong clinical suspicion of a diaphragmatic injury based upon
this sign despite the absence of respiratory findings or recog-
nized pleurotomy. We addressed the potential injury in order
to improve our anatomic exposure, which was obscured by the
billowing diaphragm. One patient had a residual pneumo-
thorax after desufflation of the abdomen that required air
evacuation. There are reports that intervention is not neces-
sary for this finding in a stable patient as the pneumothorax
typically resolves upon desufflation of the pneumoperitoneum
(4). It is nonetheless important for the novice laparoscopic
surgeon to be aware of this objective finding to raise suspicion
of an unrecognized diaphragmatic injury. In addition, suspi-
cion should be higher on the right side, as an asympto-
matic injury may go unrecognized since the liver may prevent
billowing of the diaphragm.

The remaining two cases of pleural injury were sustained
by inadvertent placement of a trocar into the pleural space dur-
ing a laparoscopic retroperitoneal approach. Prevention comes
from experience and careful attention to detail. Management of
these cases centered upon prompt recognition and close patient
monitoring. Due to some degree of hemodynamic instability
and pulmonary compromise, tube thoracostomy was performed,
and this is always a safe way to manage a diaphragmatic injury
if repair cannot be done safely.

The potential for diaphragmatic injury during laparoscopic
renal surgery should be a part of the surgeon’s approach to each
case, especially those where an injury may be more likely, such
as patients with large upper or mid renal lesions or inflam-
matory cysts. Limited use of monopolar electrocautery in areas
where visualization may be diminished due to these lesions
may be a way to avoid injury to the pleura. In this series, sev-
eral of the injuries were sustained later in the laparoscopic ser-
ies. Therefore, even the experienced laparoscopic surgeon must
remain keenly aware of the potential for pleural injury during
select cases. Surgeons should have a low threshold for post-
operative chest x-ray examination in these cases as injuries
may go unrecognized intraoperatively if there are no
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intraoperative signs. A proper course of management after a
pleural injury is seen or suspected poses a challenge for the
laparoscopic surgeon, as it involves close monitoring of the
patient’s cardiopulmonary status, repair of the defect including
evacuation of the air in the pleural space, and postoperative
monitoring for evidence of a residual pneumothorax (5).

KEY POINTS

� Pleural injury is an uncommon but potentially serious
complication of laparoscopic renal procedures.

� Use meticulous dissection when mobilizing the
spleen, liver, colon and especially large upper or
mid-pole renal lesions that may be in close proximity
to the fibers of the diaphragm.

� Minimize use of cautery when dissecting lesions near
the diaphragm.

� Maintain a high index of suspicion when the diaphragm
is seen billowing down into the surgical field.

� Inform the anesthesiologist to closely monitor the
patient’s cardiopulmonary status.

� If the patient is stable, lower the pneumoperitoneum to
10mmHg and finish the procedure before addressing
the pleurotomy.

� Close the pleurotomy under direct vision, making
sure to evacuate the air from the pleural cavity.

� Maintain a low threshold for tube thoracostomy should
the patient become unstable after a diaphragmatic
injury is sustained.
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INTRODUCTION

Fortunately, injury resulting in urinary leak is rare. The
incidence of urinary tract injury with laparoscopic urology
varies between 0.4% and 0.7% (1–3). It is as common or more
common for the urologist to encounter laparoscopic urinary
tract injury as a consultation from other services. Advanced
gynecologic laparoscopy (hysterectomy, ovarian cystectomy,
adnexectomy, endometriosis ablation) is associated with a
urinary complication rate of 0.42–1.6% (4–7). Laparoscopic
colorectal surgery is associated with a 0–2.0% risk of urinary
tract injury (8–10). It is understandable that colorectal
and gynecology surgery would be at risk given the fact
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that they share the same operative anatomic region as the
urologist.

Injuries to the bladder and ureter are the most com-
monly reported urinary leak complications in the medical lit-
erature. Though the urethra and renal pelvis theoretically
may be subject to injury during laparoscopy, this is usually
a complication of reconstructive laparoscopic surgery such as
laparoscopic pyeloplasty or urethrovesical anastomosis for
laparoscopic prostatectomy.

URETERAL INJURIES

The likelihood and location of ureteral injury seem to correlate
with the proximity of the ureter to the operative target. For
example, in laparoscopic-assisted vaginal hysterectomy, the
location of ureteral injury occurs where the ureter crosses close
to the cervix adjacent to the cardinal ligament (11). Likewise,
the ureter can be injured near the ovarian vessels in the infun-
dibulopelvic ligament in adnexal surgery (11). In laparoscopic
colorectal surgery, the risk of ureteral injury is increased with
dissection carried too laterally from the rectum (10).

Mechanism of injury includes division, ligation, and cau-
terization. Interruption of the ureteral blood supply can cause
necrosis. A necrotic ureter can leak or stricture. Division of
the ureter is often recognized intraoperatively. In contrast,
delayed recognition of injury is more common with ligation
and cautery injuries.

Recognition

Unless one is dealing with an obvious ureteral division,
intraoperative recognition of ureteral injuries requires high
clinical suspicion of injury. Recognition of ureteral injury is
facilitated by the intravenous administration of methylene
blue. Other maneuvers that may help include the preopera-
tive placement of a stent on high-risk cases.

Postoperatively, ureteral injury may present as fever,
hematuria, or flank/abdominal pain. Peritonitis can be due
to urinary ascites. A fistula can form to the surgical wound
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or vagina. If a surgical drain or urinary fistula is present,
fluid can be sent for creatinine measurement. The drain fluid
creatinine can then be compared to serum creatinine. A drain
fluid creatinine that is very high compared to serum is consis-
tent with urine.

If suspicion for an ureterovaginal fistula exists, a pad
test with methylene blue can be used to confirm it. If uncer-
tainty exists between the diagnoses of ureterovaginal and
vesicovaginal fistula, a ‘‘double dye’’ pad test can be perfor-
med with oral Pyridium and vesical methylene blue with a
clamped Foley catheter. Blue staining of a pad indicates a
vesicovaginal fistula, orange suggests ureterovaginal fistula.

In the absence of drain fluid, radiographic evaluation
with ultrasound or CT scan can identify urinoma or ascites.
CT scan may be the most useful test in evaluating postopera-
tive laparoscopic patients. Cadeddu and colleagues (3) deter-
mined that CT scans identified symptom-related diagnosis
in 75% of patients evaluated postoperatively. Powsner and
colleagues (12) advocate the usage of Tc-99m mercaptotriace-
tylglycine (MAG3) renal scan to identify urinary leak.

Management

Once a ureteral leak is confirmed, identification of the exact
site of leak is critical. Retrograde pyelography can identify
the exact site of ureteral extravasation. If a nephrostomy tube
is present, an antegrade pyelogram can be equally efficacious.

Small ureteral injuries can be managed with ureteral
stenting for 4–8 weeks. For urinary fistula, conservative
management may be first attempted with stenting and/or
proximal diversion with nephrostomy.

If complete avulsion of the ureter is identified or if con-
servative measures fail, surgical exploration and repair will
be necessary. If delayed recognition occurs, an open explora-
tion and repair would be advisable. The method of repair
would depend on the level of injury. If a proximal or mid-
ureteral injury is identified intraoperatively, a laparoscopic
uretero-ureterostomy can be performed (Fig. 1). Laparoscopic
ureteroneocystostomy, psoas hitch, or Boari flap can be per-
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formed for distal ureteral injuries. Laparoscopic uretero-ure-
terostomy or ureteroneocystostomy should only be attempted
by a laparoscopist comfortable with intracorporeal suturing
techniques.

Prevention

Several maneuvers can be performed to prevent ureteral
injuries. In anticipation of probable urinary tract injury, a
ureteral stent or ureteral catheter can be placed preopera-
tively. Also, initial identification of the ureter can be per-
formed to avoid injury. In the absence of tactile feedback,

Figure 1 Laparoscopic uretero-ureterostomy. (A) After excising
devitalized tissue, the ureteral ends are spatulated with endoscopic
scissors. (B) An apical stitch using absorbable suture is placed
at the 12 o’clock position of the distal ureteral end and placed
into the proximal ureter at its corresponding 12 o’clock position.
(C) After the 12 o’clock stitch is placed, a 6 o’clock stitch is placed
in a similar fashion. (D) A running anastomosis is performed.
A knot can be tied to the free end of the 6 o’clock knot.
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lighted stents can also be used to help identify the ureter.
Ureteral peristalsis can help confirm the identity of the
ureter. For laparoscopic colectomy, Larach and Gallagher
(10) recommend conversion to open surgery if the ureters
are not identified.

BLADDER INJURIES

Bladder injuries can occur due to trocar placement, anatomic
proximity of the bladder to the surgical site (laparoscopic
Burch colposuspension), or due to factors complicating pelvic
dissection (inflammatory mass, fibrosis). Trocar placement,
though often maligned as a cause of bladder injury, is rarely
associated with such injuries. In a French study of 103,852
laparoscopic surgery patients, trocar injuries accounted for
only two bladder injuries (13).

Recognition

As with ureteral injuries, bladder injuries can present with
fever, abdominal pain, and hematuria. Urinary ascites can
present with ileus, abdominal distension, and increased peri-
toneal drain output. Vesicovaginal and vesicocutaneous fistu-
lae can form. The pad test and ‘‘double dye’’ pad test described
earlier can be used to evaluate for fistulae.

Radiographic evaluation consists of cystogram or CT
cystogram. Having a lateral and postdrainage film are essen-
tial for accurate identification of bladder extravasation. The
advantage of CT cystogram is increased sensitivity for evalua-
tion of vesical fistulae.

Management

Intraoperative bladder injury can be repaired at time of
surgery. Laparoscopic bladder repair can be performed with
a two-layer closure with Vicryl suture. Extraperitoneal
leaks can be managed conservatively with Foley catheter
drainage for 7–10 days. If intraperitoneal leakage with uri-
nary ascites is present, a formal open two- or three-layer
repair is recommended.
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Prevention

The most important preventive measure to take is to comple-
tely decompress the bladder with Foley catheter prior to
trocar placement. Also, staying in the correct surgical plane
is essential. If there is any question about bladder injury
intraoperatively, methylene blue can be instilled via the Foley
catheter.

RENAL PELVIC/COLLECTING SYSTEM INJURIES

There are few instances when the renal pelvis may be subject
to injury during laparoscopic surgery. The renal pelvis and
uretero–pelvic junction may leak urine after laparoscopic
pyeloplasty. These injuries can present as flank pain, fever,
and hematuria. The initial 100 laparoscopic pyeloplasties at
Johns Hopkins incurred a 2% incidence of postoperative urine
leak (14). CT scan is useful for evaluating these injuries. For
the most part, conservative management should suffice.
Smaller leaks may respond to stenting. If a large urinoma
or infected urinoma is present, percutaneous drain or nephro-
stomy placement may be necessary. Failure to resolve with
conservative management may require open exploration/
repair. If intraoperative suspicion of renal pelvic leak exists,
methylene blue can be administered intravenously. Preven-
tion of renal pelvic leak would be assisted by ureteral stent
placement.

Laparoscopic partial nephrectomy is now becoming an
established alternative for small renal tumors. With techni-
ques duplicating open surgical principles, Gill et al. (15) found
a urine leak after laparoscopic partial nephrectomy in 2% of
patients. Advances in tissue sealant technology such as fibrin
glues could potentially help prevent urinary leak by sealing
small defects in the collecting system (16).

URETHRAL INJURIES

The urethrovesical anastomosis can leak after laparoscopic
prostatectomy. In their series of 550 consecutive laparoscopic
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prostatectomies, Guillonneau and colleagues (17) noted 10%
incidence of anastomotic leak. Rassweiler et al. (18) noted
a urine leak incidence of 17.2% out of 180 laparoscopic prosta-
tectomy patients.

Urine leak from the vesicourethral anastomosis can
manifest as persistent postoperative drain output or urethro-
cutaneous fistula to a surgical incision. As with open radical
prostatectomy, management is typically conservative. Main-
taining Foley catheter and surgical drains may be necessary
until drainage subsides. Guillonneau et al. (17) described
one instance in which a urine leak patient underwent reo-
peration and laparoscopic revision of vesicourethral anasto-
mosis on postoperative day 8. The presence of extravasated
urine may increase likelihood of bladder neck contracture at
the anastomotic site.

To prevent urethral leak, one must first ascertain that
the Foley catheter is unobstructed and emptying well. Mild
temporary catheter traction may help. Catheter traction must
not be employed for an extended period of time as it may
cause ischemia at the anastomosis. It is also possible that uti-
lizing a running suture anastomosis instead of an interrupted
one may decrease the incidence of postoperative urine leak.

CONCLUSION

In general, urine leak is a rare complication of laparoscopic
surgery. Therefore, a high index of suspicion is necessary to
rapidly identify and treat such injuries. It is important to be
aware of the anatomic proximity of urinary tract structures
to the planes of dissection. If the possibility of urinary tract
injury exists, simple preventive measures are sufficient to
avoid injury. Though radiographic and biochemical testing
can greatly assist the clinician, the power of observation
and physical exam must not be neglected in the evaluation.

One reason that urine leak is a rare complication
has been the fact that most laparoscopic urology has been
simple extirpative procedures such as adrenalectomy and
nephrectomy. Advances in the technique and technology of
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laparoscopic urology are facilitating the performance of recon-
structive and more extensive extirpative urologic procedures.
Already, with the rapid adoption of laparoscopic prostatect-
omy worldwide, urine leak complications are becoming more
common (17,18). With more complex reconstructive proce-
dures now being described such as laparoscopic ileal ureter
(19), ileocystoplasty (20), and ileal neobladder (21,22), we
can expect that urine leak complications may become more
common.

KEY POINTS

� Urine leak after laparoscopic urologic surgery is
rare and usually is a consequence of reconstructive
procedures.

� Intraoperative recognition of ureteral injury by other
surgical specialties is important to reduce morbidity
and repair requires laparoscopic suturing techniques.

� Delayed recognition of injuries may require open sur-
gical correction.

� Decompression of the bladder with a catheter reduces
the risk of bladder injury.

� Preoperatively identifying difficult cases and place-
ment of ureteral catheters can help prevent injuries.
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INTRODUCTION

During the last decade, there has been a remarkable increase
in the application of laparoscopic surgical techniques to treat
urologic diseases. This approach offers the potential advan-
tages of less postoperative pain, a shorter hospital stay, more
rapid recovery, an improved cosmetic result, and a reduced
cost of therapy (1–3). Since its first utilization, laparoscopic
surgical technology has progressed in optical instruments,
tissue dissection, endoscopic suturing techniques, as well as
specimen extraction tools.

Complications of organ extraction in urologic laparoscopic
surgery are rare but have been reported. Fahlenkamp et al. (4),
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in a multiinstitutional review of 2407 laparoscopic procedures
in urology, reported a total of 107 complications (4.4%). Despite
the fact that the complications were related to procedures with
different degrees of technical difficulties, none of them was
related to the organ extraction. Soulie et al. (5) reviewed the
complications in 350 urologic laparoscopic procedures at a
single center. A total of 19 (5.4%) complications occurred in
this series. Correlation of complications with the laparoscopic
procedural steps showed that none of them was related to
the organ extraction. Vallancien et al. (6) reviewed 1311 lapa-
roscopic urologic surgeries at a single center. A total of 3.6%
intraoperative complications were observed, including major
(0.7%), intermediate (1.9%), and minor (1%) complications.
One patient presented with injury to the ileum while removing
the bag containing the prostate after radical prostatectomy.
The injury was sutured laparoscopically and the authors
reported that the injury could be related to the fact that the
patient awoke during the bag extraction and pushed strongly.

The issues related to organ extraction are hernia forma-
tion, organ injury, difficult specimen entrapment, port site
tumor recurrences, tumor spillage, and tumor control. Several
of these topics will be addressed in this chapter.

INTACT EXTRACTION VS. MORCELLATION

Removal of solid organs can be performed either intact (after
placement inside a bag and brought out through an incision)
or morcellated within a bag and the fragments extracted. Two
important advances in this field are the development of
special entrapment devices to remove the surgical specimen
and the use of tissue morcellators for specimen removal
through small incisions.

Retrieval of specimens via morcellation has some theore-
tical advantages over removal of intact specimens such as
reduced risk of hernia formation (7), decrease in hospital stay
and postoperative analgesic requirements (8), and a better
cosmetic result. On the other hand, some major concerns with
morcellation include longer operative time, injury to abdominal
organs during morcellation, staging difficulties, potential for
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port site tumor recurrence, and long-term tumor control.
Endoscopic devices that aid in specimen entrapment utilize
materials for the bag that could be punctured during morcel-
lation. Only a nylon reinforced entrapment sac (Lap Sac,
Cook, Spencer, IN) is considered safe and morcellation of
tumor specimens must be performed carefully. Safeguards
to prevent complications are listed in Table 1.

In two separate prospective studies evaluating intact
vs. morcellated specimen removal, operating time, postopera-
tive recovery, and pathologic staging issues were compared.
Gettman et al. (9) found that although extraction incision
length (7.6 vs. 1.2 cm, p < 0.05) was significantly different
between the groups, there were no differences in pain or activ-
ity scores, nor time to return to normal activity. The results
from Hernandez et al. were similar with no difference in sur-
gical time, pain, or hospital stay. Two of the 23 specimens
extracted intact had a pathologic stage higher than the clini-
cal stage (clinical T1 to pathologic T3a); however, no change
in patient treatment was made based on this information (10).

The method of specimen extraction remains contro-
versial and is dependent on the experience and preference
of each surgeon.

COMPLICATIONS DURING LIVE DONOR
NEPHRECTOMY

Laparoscopic living donor nephrectomy (LDN) is becoming
the standard of care for renal procurement with decreased
donor morbidity and equivalent recipient outcomes (11). The
majority of live donor nephrectomies are performed using
pure laparoscopy and an endoscopic bag device for kidney
removal. Despite the increasing experience achieved at some
centers, technical difficulties associated with the procedure
still remain, particularly related to the kidney entrapment
and removal. Sasaki et al. (12) described one case in a series
of 100 LDNs in which the retrieved kidney fell out of the
extraction bag, leading to 10 min of warm ischemia. Nakache
et al. (13) described a case involving a large kidney that was
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Table 1 Safeguards to Minimize Risk of Trocar Site Metastasis

A. Minimize direct handling of an organ that harbors
a malignancy and maintain the widest surgical
margin as possible

B. Organ retrieval is performed only with approved
laparoscopic entrapment sacks

C. Organ morcellation performed only in conjunction
with a nylon-reinforced entrapment sack (Lap
Sac, Cook, Spencer, IN)

1. When morcellation is planned, fill entrapment
sack with saline before use to test for sack
perforations

2. Introduce the Lap Sac only with the approved
metal introducers

3. Use only atraumatic forceps to grasp the tabs
located at the neck of the sack

4. Drape the area around the entrapment bag
during morcellation

5. Morcellation is preferably performed with
ring forceps

6. Monitor morcellation laparoscopically if
possible to minimize risk of injury

7. Place upward traction on entrapment sack
during morcellation

8. Instruments used in conjunction with
morcellation are passed off the surgical field
when morcellation finished

9. Entire operating room team changes gloves
after morcellation step is completed

10. Avoid morcellation for tumors > 10 cm and in
presence of ascites

D. Apply povidone-iodine to trocar sites at time of
careful closure
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difficult to entrap, leading to prolonged warm ischemia. Simi-
larly, Rosin et al. (14) reported difficult specimen entrapment
due to a tear in the collecting bag. Jacobs et al. (15) reported
that unanticipated manual extraction was required in five
cases of 320 LDNs (1.5%) because of failure to entrap the
kidney in the extraction bag. Kavoussi (16) also reported that
technical difficulties while retrieving the kidney using the
EndoCatch (US Surgical, Norwalk, CT) bag have resulted in
prolonged warm ischemia time. Shalhav et al. (17) described
two complications related to the EndoCatch device in 43
LDNs: a splenic laceration that required splenectomy on post-
operative day 1 and another case in which the kidney slipped
out of the bag during removal. The kidney was manually
retrieved with a resultant warm ischemia of 6 min. The kidney
functioned well without sequelae.

Based on the technical problems experienced by some
groups with extraction bags, some transplantation groups
advocate the use of hand-assisted laparoscopy (18) or manual
extraction after pure laparoscopic techniques (17). However,
problems related to the cost of the hand-assisted devices,
wound cosmesis, and incisional pain remain (19–21).

COMPLICATIONS DURING RADICAL
NEPHRECTOMY

Laparoscopic radical nephrectomy (LRN) offers the advan-
tages of minimally invasive surgery with decreased post-
operative analgesia requirements, shorter length of hospital
stay, and faster resumption of normal activity compared with
the traditional open approach (1,2). Data on the advantages of
morcellation of LRN specimens over intact specimen removal
in regards to analgesic requirements and time of hospital stay
are controversial (22,23). On the other hand, technical diffi-
culties have been experienced by some groups. During a pilot
study of cytoreductive LRN, placement of large tumors into a
sac before morcellation took a median time of 39 min (22). The
retrieval of large specimens after morcellation also carries the
potential of enlarging the fascia incision. The specimen pieces
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must be grasped and extracted multiple times and in so doing,
the fascia may be stretched and torn. Richter’s hernia rela-
ted to this activity has been reported (7). Also, morcellators
cut through tissue by rotating a sharp blade against the
specimen. Injury to adjacent structures may occur if they
are brought into the morcellator’s cylinder while the blade
is rotating.

Other major concerns regarding morcellation after LRN
are related to port site seeding, inadequate tumor control,
and preservation of staging information (8,24,25). The last
aspect may be considered a limitation of the morcellation
technique but not a true complication.

PORT SITE SEEDING

Trocar site metastasis is a significant postoperative complica-
tion, especially in the gynecology and general surgery litera-
ture (26,27). In the urologic literature, only one patient has
been reported to develop a trocar recurrence after laparo-
scopic pelvic lymph node dissection (LPLND) for prostate
cancer (28); however, the incidence of port site recurrence
following LPLND for transitional cell cancer (TCC) of the
bladder is approximately 4% (29). A propensity for subcuta-
neous tumor recurrence has also been reported following
percutaneous resection of TCC, a procedure utilizing access
methods analogous to laparoscopy (30–32). The issue of port
site recurrence, however, is even more concerning as laparo-
scopic management of renal cell carcinoma and upper-tract
TCC have evolved. To date, at least three patients have deve-
loped port site recurrence following laparoscopic nephrec-
tomy for RCC and at least two patients have developed TCC
port site recurrence after laparoscopic nephroureterectomy
(33–37). In the cases of renal cancer port site recurrence, a
nylon reinforced specimen bag was not used.

Trocar site metastasis has been the subject of clinical and
basic science research (26,27,38). A multifactorial basis of
trocar site metastasis is proposed, with biological properties
of the tumor, immune status of the patient, local trauma,
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tumor manipulation, and surgical technique implicated in
trocar seeding (39–41). Previously, pneumoperitoneum was
implicated in the development of trocar site metastasis
(42,43); however, the significance of this factor has been
refuted in recent publications (27,44). Surgical technique
has been increasingly targeted as the basis of port site recur-
rences (39,40). For laparoscopic resection of RCC, the safety of
specimen retrieval may also represent an important contri-
buting factor. Indeed, all cases of RCC trocar site recurrence,
to date, have been associated with morcellated specimen
extraction (33,35).

Port site metastases are manifested by pain, palpable mass,
or skin lesion overlying the trocar incision (28,29,33,35–37). Port
site metastases associated with prostate cancer, TCC, and RCC
have developed postoperatively at 6 months, 3–9 months, 5–25
months, respectively (28,29,33,35–37). A metastatic survey is
warranted for patients with suspected trocar site recurrences.
The diagnosis is confirmed by biopsy. Treatment is guided by
the results of the metastatic survey and the tumor type. For
example, Fentie and colleagues (35) performed wide local exci-
sion of a solitary RCC port site recurrence resulting in a
tumor-free status for the patient at 35 months after resection.
In contrast, port site recurrences with TCC are commonly asso-
ciated with concurrent metastasis and a poor outcome even
with chemotherapy (29).

Careful laparoscopic technique and adherence to oncologic
principles is warranted for the prevention of trocar site recur-
rences (Table 1) (22,29,34,38). With the use of appropriate
safeguards, the risk of port site recurrence appears minimal;
however, increased scientific investigation and clinical exper-
ience are warranted to fully understand the pathogenesis of
this problem.

KEY POINTS

� Complications related to organ extraction are rare.
� In prospective published studies, no significant

advantage (except for extraction incision length) is
found for morcellated vs. intact specimen removal.

Complications of Organ Extraction 109



� The live donor nephrectomy specimen can be removed
either with extraction bag devices or manually.

� Morcellation of specimens must be performed care-
fully using approved devices and techniques.
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INCIDENCE

Trocar hernias are an increasingly reported, yet largely
avoidable, postoperative complication of laparoscopic access
(1). Poor closure of a trocar incision (or not attempting closure
at all) is the main contributing factor in the development of a
trocar hernia (1–3). Trocar hernias can increase the morbidity
of an otherwise uncomplicated minimally invasive surgical
procedure. Trocar hernias most commonly occur through fas-
cial incisions that are �10 mm in length; however, hernias
have also occurred at 5 mm trocar sites (3–6). The potential
for abdominal herniation through trocar sites was first
reported in 1968 early in the development of laparoscopic
techniques (7). Although the development of improvements
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in trocar placement and fascial closure techniques have
decreased the incidence of trocar hernias, the occurrence of
such complications has not been eliminated completely.

In 1973, Bishop and Halpin (8) reported one of the first
cases of herniation of omentum through an umbilical trocar
site requiring surgical reduction. The first report of post-
operative bowel herniation came soon after in 1974 by Schiff
and Naftolin. They noted the incarceration of bowel in two
patients after laparoscopic tubal ligation, which eventually
required small bowel resection (9). Several similar case
reports followed describing obstructive symptoms attributed
to everything from strangulated omentum to Richter’s
hernias at trocar sites (10,11).

It was recognized early that the majority of hernias
were occurring through large 11–12 mm port sites
(8,10,11). Initial recommendations focused on decreasing
the incidence of herniation by developing a ‘‘Z’’ tract or
angled tract of trocar passage but did not suggest need for
closure of the site. It was not until the early 1990s did lapar-
oscopists begin to advocate primary closure of fascia at
trocar sites 10 mm or larger (12).

The explosion of laparoscopic techniques developed
within the OB/GYN and general surgical communities saw
a concomitant increase in the number of reported trocar
hernias. Larger series were reported in which the incidence
of laparoscopic trocar hernias ranged from 0.2% to 4.9%
(13–17). In the majority of these early reports, the trocar sites
were not closed primarily. It is likely that the early incidence
of trocar hernia was higher than in modern series because
larger trocar sites are usually closed primarily. The current
incidence of trocar herniation probably lies around 1%.

Primary closure of the fascial defects, however, did not
completely prevent herniation. One early review by Montz
et al.(16) noted that almost 18% of the hernias reported in
their retrospective review occurred despite fascial closure.
Kadar et al. noted that importance of adequate closure should
not be underestimated. They report that in one case of trocar
herniation the fascia had unequivocally been missed during
attempted closure. In three of their five reported cases
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of trocar herniation, the surgeon attempted to close the
fascia. These authors advocated the development of devices
to facilitate the en-bloc closure of laparoscopic fascial defects.
To that end, James Carter (18) developed the Carter–Thomp-
son Needle Point Suture passer, which ensured complete fas-
cial closure under direct laparoscopic vision. Several other
suture devices have been developed in the interim (19).

The use of smaller port sites (5 mm) did not prevent
the development of trocar site herniation either (17,20–22).
Nezhat et al.(17) reported their incidence of trocar site her-
niations and found that almost half of their incisional hernias
were at a 5 mm trocar site. Most authors have attributed this
occurrence to excessive manipulation of the port site, which
may widen or extend the fascial and peritoneal defect
(17,20–22). They have advocated primary closure of any size
port associated with excessive manipulation (22). Extension
of a trocar site to allow passage of a tissue specimen has also
been implicated as a risk factor for herniation. Nassar et
al.(13) reported 12 of 16 (75%) incisional hernias associated
with wound extension to facilitate removal of the specimen
during laparoscopic cholecystectomy.

Several studies have described a higher incidence of
trocar hernias in patients with preexisting hernias, especially
periumbilical hernias (13,14,23,24). Azurin et al. reported that
90% of their trocar hernias were associated with a preexisting
umbilical hernia. The incidence of preexisting umbilical her-
nias has been reported to be between 9% and 18% (13,14,23).
These preexisting hernias may predispose herniation of bowel
contents through trocar sites, especially if the preexisting
hernia is not discovered and subsequently repaired at the time
of surgery. Bergemann et al. report a case of omental hernia-
tion through a 3 mm umbilical trocar site. On exploration of
the site, a previously unnoticed fascial defect lateral to the
umbilical trocar site was noted. The omentum had tracked
through the hernia sac and externalized at the skin incision
(24). Thorough examination of the abdomen both in the preo-
perative and operative setting is warranted, given the
increased risk of fascial dehiscence. Many have advocated a
primary repair of the fascial defect at the time of surgery using
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nonabsorbable suture and mesh when necessary (14,23).
Patients may not readily volunteer the presence of a fascial
defect, as only 16–56% are symptomatic.

Associations between wound infection and port site
herniation have also been described (12,14,25).

Massive obesity has been regarded as a relative contrain-
dication for laparoscopic surgery in the past. Mendoza et al.
conducted a multi-institutional review of laparoscopic compli-
cations in obese urologic patients noting a higher incidence of
overall complications but only listed a single case of incisional
hernia at a trocar site (0.8%). However, Matthews et al.
reported a case of preperitoneal Richter’s hernia in a morbidly
obese patient undergoing a laparoscopic gastric bypass. They
recommend incorporating the thick preperitoneal layer into
the fascial closure to decrease the potential preperitoneal
space (26).

UROLOGIC LITERATURE

The incidence of trocar herniation in the urologic literature
has been favorably low. In 1995, Gill et al. (27) reported com-
plications of laparoscopic nephrectomy in 185 patients from
multiple institutions, noting two trocar hernias, both requir-
ing surgical repair. Fahlenkamp et al. report complications
in 2407 urologic laparoscopy procedures at 4 German centers
over a similar 6-year period. They reported an overall compli-
cation rate of 4.4% with five hernias related to trocar sites
(0.2%) (28). Cadeddu et al. report complication rates for 738
procedures performed by 13 urologists who had received at
least 12 months of dedicated urologic training. They reported
an overall complication rate of 11.9% with two (0.3%) trocar
hernias (29).

Osama et al. reported an incisional hernia rate of 17% in
patients undergoing laparoscopic nephrectomy with intact
specimen removal through a flank incision. The authors have
subsequently switched to a midline or subcostal incisional
approach for removal of specimens (30). Jacobs et al. reported
the University of Maryland experience with 320 laparoscopic
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live donor nephrectomies. In their review, there was a single
case of an 11 mm trocar site herniation and five cases of
incisional umbilical herniation through which the kidney
was extracted (31). These complications underscore the
importance of careful attention to primary closure of nonport
site defects such as those created for removal of intact
specimens no matter the location.

Hemal et al. (32) report their experience with 167 retro-
peritoneoscopic nephrectomies over a 5-year period noted a
single port site hernia as a long-term complication.

Kumar et al. report complications from a series of 316
retroperitoneoscopic nephrectomies. They note a single inci-
sional hernia discovered 4 months postop and was related to
a subcutaneous abscess, which was treated by incision and
healing by secondary intention. The authors suggest that
the retroperitoneal approach may provide protection against
hernia formation (33).

RECOGNITION

The most adverse consequence of a trocar hernia is the concur-
rent development of bowel obstruction (26). In this situation, a
‘‘ring’’ defect in the abdominal wall permits development of a
Richter hernia (34). Nausea, bloating, and vague cramping
abdominal pain frequently accompany this complication, but
some patients also complain of localized trocar site discomfort
(26,35). Richter hernias become manifest 2–10 days after sur-
gery (3,26,36). Because only a portion of bowel is entrapped in
the defect, classic symptoms of bowel obstruction are absent or
delayed (26). Clinical findings alone often mandate explora-
tion; however, computerized tomography or standard upper
gastrointestinal contrast studies can provide important diag-
nostic information (37). The presence of incarcerated bowel
requires immediate open or laparoscopic repair (5,26).
Depending on the appearance of the bowel and the duration
of obstruction, bowel resection or diverting enterostomy may
be required (36). If concerns arise regarding the bowel, consul-
tation with general surgery is recommended.
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Early signs and symptoms of trocar herniation have been
wide and varied. Because of relatively short postoperative
stays, many patients have presented shortly after discharge
(38). Boike et al. performed a multi-institutional review of
incidence of bowel herniation after laparoscopic gynecologic
procedures. Of the 22 cases, 18 were small bowel, two cecum,
and one ascending colon. The average interval to operative
intervention was 8.5 days. The diagnosis was made by CT
in eight, clinical exam in six, and abdominal series in three
(39). The majority of reviews described patients presenting
within 10 days (38–40), although trocar hernias have reported
as far out as 2 years after surgery (23). As the initial presenta-
tion can be quite varied, early clinical suspicion of a hernia
can greatly improve time to diagnosis. Signs and symptoms
may include complaints of abdominal pain, nausea, vomiting,
diarrhea, fevers, chills, and other constitutional symptoms.
Physical exam may demonstrate swelling or erythema
at the incision site, abdominal distention, or present as a
relatively benign abdomen.

Imaging studies obtained largely depend on index of
suspicion and presenting symptoms. Differentiation between
bowel obstruction and paralytic ileus in the immediate post-
operative period can be difficult. Several case reports have
stated that CT imaging may be helpful in diagnosing inci-
sional hernias (37,41). Frager et al. conducted a prospective
study comparing CT vs. clinical exam and plain film radio-
graphic findings for diagnosis. They demonstrated that CT
findings were 100% sensitive in definitively diagnosing small
bowel obstruction in comparison to 19% sensitivity for clinical
exam and plain film findings (42).

For patients with signs of a bowel obstruction where no
clear fascial defect is identified, the possibility of an internal
especially mesenteric hernia should be considered (Figs. 1
and 2). Small bowel obstruction due to incarcerated small
bowel through the large bowel mesentery is a possibility.
CT scan is helpful in making the diagnosis. The authors
brought attention to the possibility of this problem as well
as the need to close all mesenteric defects (even large bowel)
during procedures (43).
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MANAGEMENT STRATEGIES

If patients present with symptoms of ileus in the immediate
postoperative setting, bowel rest is recommended. If symp-
toms do not improve within 24 hr, a CT is recommended to
help define the etiology of the ailment. Once an incisional her-
nia is diagnosed, repair can be accomplished through a formal
laparotomy or with laparoscopy. If a large fascial defect is pre-
sent, then a formal herniorrhaphy should be performed.
Bowel resection of the affected portion may be required.

PREVENTION TECHNIQUES

Prior to the laparoscopic procedure, all preexisting fascial
defects, especially at the umbilicus, should be identified. The
hernia should be included in the closure of the trocar site (if
small) or formally repaired. All fascial defects 10 mm or
greater should be considered for closure. Radially dilating

Figure 1 CT imaging of an internal hernia after left laparoscopic
radical nephrectomy. Dilated small bowel (yellow arrow) is seen
posterior to the descending colon (red arrow). (See color insert)
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trocars appear to prevent trocar hernias; however, additional
clinical experience with these devices is warranted (44,45). All
port sites with excessive manipulation tend to have widened
fascial defects and are best closed. In pediatric cases, 5 mm
ports should be closed as well. Ensure that the fascia is prop-
erly closed. Devices such as the Carter–Thompson needle pas-
ser facilitate proper closure under direct visualization.
Elashry et al. (19) compared eight fascial closure devices or
techniques in a prospective, randomized fashion and found
the Carter–Thompson port-closure technique to be their pre-
ferred method of closure. In obese patients with a large preper-
itoneal space created by the surgery, the fat should be
reapproximated to eliminate another potential space for her-
niation. Examine the mesentery for any defects and close the
defect with suture if identified. Finally, meticulous closure of

Figure 2 Intraoperative photo demonstrating small bowel (red
arrow) reduced from the defect in the descending colon mesentery
(green arrow). Small bowel resection was not necessary. (See color
insert)
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incisional defects used to remove specimens and prevention of
wound infections will decrease hernia formation.

KEY POINTS

� Poor closure of trocar sites is the leading contributor
to port site hernias.

� All defects 10 mm in adults (5 mm in children) or
greater should be closed.

� Mesenteric defects must be repaired to prevent inter-
nal hernia.

� Fascial closure devices facilitate proper reapproxima-
tion of tissue.
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INTRODUCTION

A decade has past since the first reports of successful laparo-
scopic nephrectomy by Clayman and colleagues in 1991 (1).
During this time, indications for laparoscopic surgery within
the genitourinary tract have rapidly expanded from extirpa-
tive surgeries such as pelvic lymphadenectomy, simple and
radical nephrectomy, nephroureterectomy, and donor neph-
rectomy to more complex reconstructive procedures such as
pyeloplasty, radical prostatectomy, and radical cystoprosta-
tectomy with diversion. As the complexity of the surgeries
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has increased, so have the technical demands on the surgeon,
reflected by the long operative times and steep learning curve
commonly associated with these procedures. Until recently,
the routine delivery of advanced laparoscopic procedures has
remained part of the armamentarium of only a relatively small
number of urologists who possess the necessary laparoscopic
expertise and experience to successfully accomplish these chal-
lenging tasks. This has left many urologists searching for ways
of acquiring the necessary skills to provide their patients with
state-of-the-art, minimally invasive surgery. Hand-assisted
laparoscopy (HAL) has succeeded to this end, by shortening
the learning curve for inexperienced laparoscopists, as well
as helping those already versed in laparoscopy to accomplish
even the most challenging of surgical procedures.

The uses of a surgeon’s finger placed through a trocar
site reported by Winfield et al. (2), and insertion of a gloved
hand reported by Tschada et al. (3) were some of the earliest
examples of hand-assisted laparoscopy. By 1996, Nakada
et al. (4) reported on the first successful hand-assisted laparo-
scopic nephrectomy in a human using the Pneumo Sleeve
device (Dexterity, Blue Bell, PA). In hand-assisted laparo-
scopy, the surgeon maintains the use of the most efficient
and versatile tool, the human hand. By placing the nondomi-
nant hand (in general) into the abdominal cavity, the surgeon
is provided with tactile feedback of surrounding vital organs
and is aided in maintaining a three-dimensional spatial orien-
tation during laparoscopic dissection. Similar results obtained
with conventional laparoscopy, patients have enjoyed compar-
able outcomes and reduced short-term morbidity (e.g., post-
operative pain, length of hospital stay, convalescence) with
hand-assisted techniques when compared to open surgery.

The types of complications that occur with hand-assisted
laparoscopy are in general comparable to that of conventional
laparoscopy. Herein, the incidence and array of complications
associated with the most common hand-assisted laparoscopic
renal surgeries including radical nephrectomy, partial
nephrectomy, nephroureterectomy, and live donor nephrect-
omy will be outlined. In addition, surgeon ‘‘morbidity’’ during
HAL will be discussed briefly.
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HAL RADICAL NEPHRECTOMY

The role of hand-assisted laparoscopy in the field of urology
was first established with nephrectomy. Shortly following
the first report of HAL nephrectomy in 1996 (4), Wolf and
colleagues (5) published a comparison between HAL and
conventional laparoscopic nephrectomies, which included 15
simple and four radical nephrectomies, and two nephroure-
terectomies. In this study, 13 HAL nephrectomies with intact
specimen extraction were compared with eight conventional
laparoscopic nephrectomies with mechanical morcellation of
the specimen. Mean operative time favored the HAL group
(240 vs. 325min, p¼ 0.04), with comparable results in terms
of time to first oral intake, hospital stay, pain medication
requirement, and postoperative pain scores when compared
to those patients undergoing standard laparoscopy. Only
one major complication (one of 13, 8%) occurred in the HAL
group involving a repair of a symptomatic inguinal hernia
contralateral to the side of the original nephrectomy. Three
major complications (three of eight, 38%) occurred in the con-
ventional laparoscopic group including open flank reexplora-
tion for a large retroperitoneal hematoma, exploratory
laparotomy for an internal omental herniation, and transient
rhabdomyolysis. The overall difference in the incidence of
major complications between the HAL and conventional
group was not statistically significant (p¼ 0.10). Only two
patients in the series required transfusions, both of whom
were in the conventional laparoscopic group. Despite the com-
parison of only a small number of patients with unequal dis-
tribution of types of procedures between the two groups,
Wolf’s findings suggested that HAL facilitated laparoscopic
nephrectomy with significantly decreased operative time but
without a significant increase in patient morbidity as com-
pared with standard laparoscopic techniques. Their results
supported the use of HAL as a tool for those urologists pre-
viously hesitant to pursue laparoscopic nephrectomy due to
its technical demands.

In a retrospective study reviewing a more compara-
ble group of patients undergoing radical nephrectomy for
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suspected renal cell carcinoma, Nelson and Wolf (6) evaluated
22 HAL with 16 standard laparoscopic radical nephrectomies.
Similar to the previous study by Wolf et al. (5), HAL was asso-
ciated with a shorter mean operative time (205 vs. 207min,
p¼ 0.0004) and comparable hospital stay, time to first oral
intake, pain scores, and quality of life scores as compared to
the standard laparoscopic group. In terms of complications,
45% of HAL nephrectomies had one or more minor complica-
tions as compared to 25% of standard laparoscopic nephrect-
omy cases (p¼ 0.31). The incidence of having one or more
major complications was 23% in the HAL group vs. 13% in
the standard group (p¼ 0.67). Although not statistically sig-
nificant, the authors attributed the higher number of compli-
cations in the HAL group to the relatively sicker population of
HAL patients including comorbidities such as end-stage renal
disease, previous liver and kidney transplantation, multiple
sclerosis, as well as the HAL group having higher ASA scores,
body mass index scores, and a larger mean tumor size (6.3 vs.
4.1 cm, p¼ 0.006) as compared with the standard laparoscopic
group.

Interestingly, there were two cases of wound infection
and one case of ventral hernia in the HAL group and none
in the standard group. Although the authors did recognize
the higher number of wound complications in the HAL group,
no explanation was given. This difference may be attributed
to the incision-related morbidity that accompanies the rela-
tively larger incision (i.e., 6–7 cm) typically required for
HAL with subsequent intact specimen extraction, as opposed
to the standard laparoscopic procedure where the specimen
was morcellated trough a small, preexisting trocar site (i.e.,
1–1.5 cm). Reports from the general surgery literature appear
to lend support to the theory that certain wound complica-
tions that occur following laparoscopy are a function of the
size of the incision. In two separate comparisons between
standard laparoscopic surgery and HAL for splenectomy (7)
and for various colorectal diseases (8), there was no signifi-
cant difference in the incidence of wound infections, incisional
hernias, or postoperative ileus between the two groups. In
both of these series, specimens retrieved following pure
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laparoscopic dissection were removed by an open incision
made at the end of the dissection and not by mechanical mor-
cellation like in the nephrectomy series reported by Nelson
and Wolf (6). Therefore, it is not surprising that the inci-
sion-related morbidity is similar between the HAL and con-
ventional laparoscopic groups in these two series since open
incisions were made in both groups to facilitate intact speci-
men extraction. Nevertheless, while the debate over morcella-
tion vs. intact specimen extraction continues to fuel in the
field of laparoscopic radical nephrectomy for renal cell carci-
noma, only a large prospective, randomized comparison
between HAL vs. pure laparoscopic dissection with mechani-
cal morcellation of the specimen will resolve the question as
to whether there is an increased incidence of wound complica-
tions following HAL radical nephrectomy.

Comparisons have also been made between HAL and
open radical nephrectomy series. Nakada et al. (9) compared
an equal number of HAL radical nephrectomies with a con-
temporary group of open radical nephrectomies. Although
the mean operative time favored that of open surgery, hospi-
tal stay and convalescence were significantly shorter in the
HAL group. Total complications were similar between the
HAL group (three of 18, 16.7%) and open group (four of 18,
22.2%). In a similar study by Mancini et al. (10), the total com-
plication rate was found to be 16.7% (two of 12) in each group.
In both studies, there were no unique complications attribu-
ted to the use of the hand-assistance device.

HAL NEPHROURETERECTOMY

Various techniques of HAL nephroureterectomy have been
described, pertaining to the management of the distal ureter
and bladder cuff. Seifman et al. (11) described management of
the distal ureter by one of three approaches: (1) extravesical
laparoscopic dissection of the distal ureter with endoscopic
stapling across the bladder cuff, (2) transurethral resection
of the entire intramural ureter followed by laparoscopic
nephrectomy, or (3) formal open dissection and excision of
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the distal ureter and bladder cuff following completion of the
laparoscopic nephrectomy. Stifelman et al. (12) advocated
transurethral dissection of the intramural ureter using a Col-
lins knife. In this technique, a 5-mm laparoscopic trocar is
placed through the bladder to allow for use of a laparoscopic
grasper to manipulate the ureter and facilitate transurethral
circumferential dissection of the intramural ureter. This was
followed by HAL nephrectomy and release of the distal ureter
and bladder cuff from any last remaining adventitial attach-
ments to the bladder. Lastly, Landman and colleagues (13)
used an endoscopic stapler to transect the distal ureter at
the ureterovesical junction followed by transurethral unroof-
ing and complete cauterization of the ipsilateral ureteral
orifice to the level of the staples. Despite these various techni-
ques of managing the distal ureter during HAL nephroureter-
ectomy, there have been no reports of complications related to
these procedures and specifically no recurrences in the
retroperitoneum or resection site occurred at the time that
these three series were published.

Similar to data published for HAL nephrectomy, compar-
isons have been made between HAL nephroureterectomy and
open series, as well as recent comparisons with conventional
laparoscopic nephroureterectomy. Seifman et al. (11) per-
formed a prospective, nonrandomized comparison between
16 HAL and 11 open nephroureterectomies. Despite the longer
operative times with HAL cases, these patients enjoyed a
shorter hospital stay and a more rapid convalescence. Minor
(19% vs. 45%, p > 0.1) and major (19% vs. 27%, p > 0.1) com-
plications were comparable between the HAL and open
groups. The major complications included two patients who
required reintubation due to chronic obstructive pulmonary
disease and one death due to cardiac arrhythmia on postopera-
tive day 27 in the HAL group and adrenal insufficiency, cere-
bral vascular accident, and a febrile urinary tract infection in
the open cohort. There were no unique minor or major compli-
cations attributed to the hand-assisted technique in the HAL
group. In a retrospective review of 11 HAL and 11 open
nephroureterectomies, Stifelman et al. (12) also reported
favorable outcomes for HAL patients including reduced blood
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loss and shorter hospital stays as compared with the open
group. Only one complication was reported in the series, which
involved a prolonged ileus in one patient in the open surgery
group.

Further credibility of the HAL nephroureterectomy tech-
nique is given by Landman and colleagues (13) who compared
16 HAL vs. 11 nephroureterectomies performed by standard
laparoscopic techniques. Hand-assisted laparoscopy was
associated with a significantly shorter operative time, with
no significant difference in terms of length of hospital stay,
time to oral intake, or postoperative pain when compared to
conventional laparoscopic techniques. There was one open
conversion in the HAL group due to failure to progress.
One death also occurred in the HAL group 3 weeks after sur-
gery in a patient who suffered cardiovascular complications,
pneumonia, and reintubation following surgery due to sig-
nificant comorbidities. Four postoperative complications
occurred in both the HAL and conventional laparoscopic
group (25% vs. 36%, respectively). Three of the four post-
operative complications in the HAL group involved prolonged
ileus as compared to none in the standard laparoscopic group.
Although the authors offered no explanation for this observa-
tion, the increased incidence of postoperative ileus may be a
consequence of increased manipulation of the bowels during
the hand-assisted technique as compared to conventional
laparoscopic dissection. In both the HAL and standard
groups, intact specimen extraction was generally used. There
were no reports of wound hernias or infections in either
group.

HAL PARTIAL NEPHRECTOMY

As the number of incidental renal masses increases, so have
the alternative methods used to treat these small lesions.
By 1998, laparoscopic partial nephrectomy had been
attempted on a total of 26 cases at various institutions
(14–20). Of these 26 cases, five (19%) were converted to an
open operation primarily due to inability to control hemor-
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rhage using conventional laparoscopic means. In 2000, Wolf
and colleagues (21) investigated the use of hand assistance
to facilitate hemostasis during laparoscopic partial nephrect-
omy. They retrospectively compared 11 open partial nephrec-
tomies with 10 laparoscopic cases, eight of which were
performed using hand assistance. Selection criteria for the
laparoscopic group included small (< 4 cm) and mostly periph-
erally located tumors. Mean lesion size was comparable
between the laparoscopic and open groups (2.4 cm in both
groups). Of the 10 laparoscopic cases, eight were performed
using HAL (six wedge resections, two polar nephrectomies)
and in two cases tumor enucleation was performed using con-
ventional laparoscopic techniques. Hemostasis was achieved
during HAL procedures with manual pressure applied onto
the renal defect using a gelatin sponge soaked with fibrin
glue. Vascular clamping was not used during any of the
laparoscopic procedures. In the open cohort, all renal lesions
were explored through an extraperitoneal flank approach
with routine vascular clamping and renal cooling with ice
slush. Although the mean blood loss (460 vs. 209mL) and
operative time (199 vs. 161min) favored the open partial
nephrectomy group, the differences were not statistically sig-
nificant. Furthermore, there was no significant difference in
the need for transfusions between the groups. All 10 laparo-
scopic partial nephrectomies were completed successfully
without the need for open conversion. In the laparoscopic
group, there were no major complications. Minor complica-
tions included postoperative urinary retention in two
patients. There was one major complication in the open series
involving an arteriovenous fistula that required embolization.
There were no urinary leaks detected in either group. Mean
length of hospitalization and return to normal activity were
statistically shorter in the laparoscopic group as compared
to the open group. From this study, Wolf advocated the use
of HAL as a safe and minimally invasive technique of laparo-
scopic partial nephrectomy for all but the most exophytic
renal masses, which can be managed by pure laparoscopic
means.
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Stifelman et al. (22) reported their technique of HAL par-
tial nephrectomies in 11 patients. Following resection of the
renal lesion, hemostatic gauze was placed over the renal
defect and manual compression applied. Following this, inter-
rupted chromic sutures were placed through the renal capsule
on either side of the renal defect and across the hemostatic
gauze. Lastly, Gerota’s fascia was reapproximated over addi-
tional hemostatic gauze. The average blood loss was 319mL
and operative time was 273min. One patient was converted
to open surgery to ensure a negative margin in a deeply
invading tumor. There were no open conversions reported
due to bleeding. In this series, there were no major complica-
tions and two minor complications including an umbilical her-
nia and a persistent ileus requiring readmission to the
hospital for intravenous hydration.

The results from these two studies would support the use
of hand assistance during laparoscopic partial nephrectomy
as a method of attaining prompt and effective hemostasis
with manual compression without the need for clamping the
renal vessels. Complications rates are low and do not appear
to be technique-specific.

HAL LIVE DONOR NEPHRECTOMY

Laparoscopic live donor nephrectomy was first described in
1995 (23) and has since made great strides in reducing the
morbidity of the donor patient while providing a healthy
and reliable allograft for the recipient. Despite its popularity
with surgeons and patients, the steep learning curve as well
as the potential risks to both donor and recipient patients
has limited its widespread acceptance by transplant centers
around the country until recently. Hand-assisted laparoscopy
has provided surgeons with a means of performing laparo-
scopic live donor nephrectomy with minimal donor morbidity
and excellent recipient outcomes, comparable to that of both
open and conventional laparoscopic series (24–26).

In 2000, Wolf and colleagues (24) reported a prospective,
case-matched comparison of 10 HAL and 40 open donor
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nephrectomy procedures. Of note, this comparison was made
using their first 10 HAL donor nephrectomy cases and thus
represented their early experience with this technique.
Although the operative time was longer in the HAL group,
patients in this group experienced shorter hospital stays, less
postoperative pain, and a shorter convalescence than that of
the open cohort. More importantly, there was no significant
difference in allograft function between the two groups as
well as the incidence of donor complications (minor complica-
tions: HAL 30% vs. open 35%), acute rejection, delayed graft
function, or ureteral complications. No major complications
or transfusions were noted in the laparoscopic group as com-
pared to the open cohort where there was one major complica-
tion involving a readmission for pyelonephritis and two
patients who required blood transfusions. Even early in their
experience with HAL donor nephrectomy, the authors noted
no significant increase in donor morbidity with excellent reci-
pient allograft function, comparable to that achieved with
open surgery. They concluded that HAL reduces the learning
curve of laparoscopic live donor nephrectomy as witnessed by
the significant improvement in the mean operative time
between their first and second five cases (254 vs. 177min,
p < 0.01).

In a larger series, Stifelman et al. (25) compared 60 HAL
and 31 open live donor nephrectomies. Similar to the study by
Wolf and colleagues (24), estimated blood loss, postoperative
pain, length of hospital stay, and convalescence favored the
HAL group. Short- and long-term recipient allograft function
was comparable between the two groups. There were three
(5%) major complications in the HAL group including two
reexplorations, one for bleeding from a renal artery stump
and another for a small bowel obstruction. The third major
complication was a readmission for a persistent ileus. In the
open group, there were two (6%) major complications in-
cluding a pneumothorax requiring a chest tube placement
and gross hematuria from a bleeding ureteral stump. In this
series, the incidence of ureteral complications (one case, 2%)
and delayed allograft function (one case, 2%) in the HAL
group was low as compared to conventional laparoscopic
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series reported in the literature at the time (ureteral
complications: 4.5–9%, delayed allograft function: 6.4–7.6%)
(27,28).

A retrospective comparison of outcomes between open
(14 cases), conventional laparoscopic (11 cases), and HAL
(23 cases) live donor nephrectomy was reported in 2001 by
Ruiz-Deya and colleagues (26). There were no major compli-
cations reported in the open group, two (18.2%) with conven-
tional laparoscopy (incisional hernia, deep vein thrombosis),
and three (13%) in the HAL group (two cases of ileus, open
conversion for adrenal vein bleed). Unlike laparoscopic radi-
cal nephrectomy where the specimen may be morcellated, a
renal allograft must be extracted intact through an open inci-
sion; therefore, one would expect the incisional morbidity to
be no higher in the HAL compared to the conventional laparo-
scopic group. In fact, no wound infections were reported and
only one case of incisional hernia occurred in the conven-
tional laparoscopic group. Although time to oral intake was
not documented in this study, the authors did suggest a
slower return of bowel function due to increased bowel hand-
ling in the HAL group as evidenced by the two cases of post-
operative ileus. Mean length of hospital stay, however, was
not significantly longer in the HAL vs. the conventional
laparoscopic group (2.0 vs. 1.6 days, p¼ 0.6). In their compar-
ison, mean operative time (2.7 vs. 3.6 hr, p < 0.5) and mean
warm ischemic time (1.6 vs. 3.9min, p < 0.5) was signifi-
cantly shorter in the HAL group as compared to the conven-
tional laparoscopic group. Short- and long-term recipient
allograft function was comparable between all three groups
as was the incidence of acute rejection (open 14%, laparo-
scopic 9%, HAL 17%).

In conclusion, the use of HAL during live donor nephrect-
omy appears to provide a shorter learning curve, operative
time, and warm ischemic time as compared to conventional
laparoscopic techniques, with equivalent recipient outcomes.
Major donor complications and recipient morbidity (including
ureteral complications, acute rejection, and delayed allograft
function) remain low with HAL and are comparable to that
of both open and conventional laparoscopic techniques.
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SURGEON ‘‘MORBIDITY’’ ASSOCIATED
WITH HAL

In addition to patient morbidity associated with HAL, poten-
tial technical and surgeon ‘‘morbidity’’ related to the use of
hand-assistance devices merits mention. One of the major
principles of laparoscopic surgery is the establishment and
maintenance of pneumoperitoneum to provide the necessary
visualization and working space for laparoscopic dissection.
Loss of pneumoperitoneum may result in wasted operative
time, surgeon frustration, failure to progress, open conver-
sion, and increased morbidity. During HAL, the surgeon in
general places the nondominant hand into the abdomen
through an access device that maintains the necessary pneu-
moperitoneum by establishing a seal between the device and
the surgeon’s forearm. Leakage of carbon dioxide gas during
HAL with first-generation devices has been somewhat pro-
blematic. During HAL nephrectomy, one group commented
that gas leakage was ‘‘routine,’’ although never enough to
limit the successful completion of the operation (9). In the
general surgery literature, leakage rates during HAL for var-
ious operations including colorectal surgery, splenectomy,
and gastric surgery have been as high as 25–48% (8,29,30).
In one series, gas leakage was significant enough to necessi-
tate open conversion in 14% of cases (30). In a head-to-head
comparison of first-generation hand-assist devices in a pig
study, Stifelman and Nieder (31) concluded that none of
the three commercially available devices (HandPort, Smith
and Nephew, Andover, MA; Intromit, Applied Medical, Ran-
cho Santa Margarita, CA; Pneumo Sleeve, Dexterity,
Atlanta, GA) was superior to the other. No device scored
greater than a 7.7 in overall satisfaction on a scale of 1–10,
indicating that further modifications and refinements were
needed. In the study, device failure was defined as the loss
of pneumoperitoneum secondary to any components of the
device, or the need to resecure the device to the abdominal
wall in order to maintain pneumoperitoneum. Since then,
new devices such as the LapDisc (Ethicon, Somerville, NJ)
and the Gelport (Applied Medical, Rancho Santa Margarita,
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CA) have been introduced and are currently awaiting critical
testing.

Fatigue of the surgeon’s intraperitoneal hand represents
the most significant surgeon ‘‘morbidity’’ related to HAL sur-
gery and can range from mild discomfort to severe cramping
requiring removal of the hand to allow for resting. In a study
of 68 HAL general surgery cases, Litwin et al. (29) found that
hand fatigue occurred during some part of the operation in 14
(20.6%) procedures. The cause for hand fatigue can be due to
many factors including incision size, length of operation, and
selection of incision site for placement of the hand-assist
device. The size of the incision made for the hand-assist
device should on average be the surgeon’s glove size in centi-
meters. If the incision size is made too small, this will lead to
excessive compression of the surgeon’s forearm by the skin
and abdominal wall fascia leading to ischemia, cramping, fati-
gue, and pain. Hand fatigue and discomfort become even more
prominent the longer the operative time. Proper placement of
the incision for the hand-assist device entails selecting a site
that optimizes the surgeon’s ability to facilitate laparoscopic
dissection of the target organ with the hand, while minimiz-
ing surgeon discomfort. The incision should be made some dis-
tance away from the target organ to allow for forward access
during dissection of the organ. Placement of the incision too
close to the target may impede visualization and result in
awkward positioning of the surgeon’s hand and inefficient dis-
section. The site of the incision should be made to allow for
the surgeon’s hand to rest in a near neutral position, thus
reducing the likelihood of hand fatigue.

CONCLUSIONS

Hand-assisted laparoscopic renal surgery is associated with
an acceptable occurrence of minor and major complications.
In a recent multiinstitutional review of 196 HAL renal
surgeries from three major academic institutions, Hedican
et al. (32) reported that a total of 28 patients (14.3%) suffered
31 minor complications and 18 patients (9.2%) suffered 32
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major complications. The various types and incidence of
minor and major complications in their study are listed in
Table 1. In this preliminary report, there was no significant
correlation between the incidence of complications and either

Table 1 Complications ofHand-Assisted Laparoscopic Renal Surgery

Minor complications
Urinary retention (11)
Minor splenic capsular injury (4)
Ileus (4)
Wound cellulitis (3)
Pulmonary edema (2)
Small bowel serosal injury (1)
Facial/throat edema (1)
Transient urine leak (1)
Flank numbness (1)
Subcutaneous abscess (1)
Prostate bleeding (1)
Delayed trocar hernia (1)

Major complications
Small bowel injury (3)
Conversion for bleeding (3), splenic injury (1), renal artery (1),
retroperitoneal (1)
Reintubation (3)
Wound dehiscence (2)
Pulmonary embolus (2)
Prolonged intubation (2)
Arrhythmia (2)
Pneumonia (2)
Internal mesenteric hernia, bowel obstruction, delayed exploration (1)
Small bowel obstruction, delayed exploration (1)
Major splenic injury (1)
Myocardial infarct (1)
Pulmonary edema (1)
Metabolic encephalopathy (1)
Acute renal failure requiring dialysis (1)
Deep venous thrombosis (1)
Retroperitoneal bleeding after heparin (1)
Abscess (1)
Prolonged urinary leak/stent (1)
Fungal sepsis (1)
Ileus (1)

Source: From Ref. 32.

142 Su and Sosa



patient ASA score, body mass index, surgeon’s experience, or
side of operation. A direct correlation was found between the
patients with a history of prior abdominal or flank surgery
and the incidence of intraoperative complications. Interest-
ingly, there was a significant correlation between type of
operation and incidence of intraoperative complications
(nephroureterectomy: 18.9%, simple nephrectomy: 8%, live
donor nephrectomy: 4%, radical nephrectomy: 1.8%, partial
nephrectomy: 0%).

Wound complications such as hernias and wound
infections and prolonged ileus as a result of increased mani-
pulation of the bowels have been raised as a concern with
hand-assisted laparoscopic procedures as compared to conven-
tional techniques; however, the current series of reports
suggest that the incidence of these complications is low. Lar-
ger comparative studies between conventional laparoscopy
and HAL will be necessary to establish or refute these
concerns.

Hand-assisted laparoscopy has provided significant
inroads for urologists interested in providing their patients
with minimally invasive renal surgery. Hand-assisted laparo-
scopy has decreased the learning curve for inexperienced
laparoscopists and has even helped experienced laparosco-
pists accomplish complex procedures that would otherwise
not be feasible by conventional laparoscopic means alone.
Taken together, HAL as a technique has broadened the scope
and armamentarium of laparoscopic surgery and has
increased the overall surgeon pool available to deliver mini-
mally invasive renal surgery. Patient morbidity with HAL is
acceptable and at the time of this writing none of the compli-
cations appear to be related specifically to the hand-assist
technique.

KEY POINTS

� The overall incidence of complications with HAL renal
surgery appears comparable to that of conventional
laparoscopic procedures.
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� The types of complications that occur with HAL do not
appear to be unique to the hand-assisted technique;
however, incision-related complications (e.g., wound
infection, incisional hernias) and postoperative ileus
may be slightly higher following HAL procedures as
compared to conventional laparoscopy.

� The morbidity associated with all types of HAL renal
surgeries (i.e., radical nephrectomy, nephroureterect-
omy, donor nephrectomy, and partial nephrectomy) is
acceptable and remains low.

� Proper planning of incision size and site can help
reduce surgeon ‘‘morbidity’’ from hand fatigue.
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INTRODUCTION

It has been shown throughout the last decade that urologic
laparoscopy can duplicate the efficacy of an open surgical
procedure while causing lower morbidity, less postoperative
pain, and shorter convalescence with improved cosmesis.
Although, urologic laparoscopy is minimally invasive, it is
still a major surgical procedure. The risk of complications in
urologic laparoscopy can only be minimized by adhering to
the basic principles that are well established and are outlined
elsewhere in this book. Unfortunately, complications may
occur even with the most meticulous technique. Because of
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the nature of laparoscopy, some complications are unrecog-
nized during surgery and manifest in the postoperative per-
iod. These delayed complications may be hard to diagnose
because of atypical symptoms. It is the aim of this chapter
to review the data in the literature in order to provide thor-
ough information and understanding of the delayed complica-
tions of urologic laparoscopic surgery and define diagnosis and
management strategies.

INDICATIONS FOR REPEATED EXPLORATION

Literature Review

The incidence of complications after urologic laparoscopy are
related to the difficulty of the procedure and the surgeon’s
experience. The complication rates are higher for more com-
plex procedures and decrease with increasing experience of
the surgeon. A multiinstitutional analysis of 2407 urologic
laparoscopic procedures revealed a 0.8% overall reinterven-
tion rate (1). When the procedures are categorized, the rein-
tervention rates were 0.0% for easy (diagnosis and therapy
for cryptorchidism, varicocelectomy), 1.1% for difficult (renal
cyst resection, lymphocele fenestration, pelvic lymph node
dissection, nephropexy, ureteral procedures), and 2.7% for
very difficult (nephrectomy, adrenalectomy, retroperitoneal
lymph node dissection) procedures. Rassweiler and coworkers
analyzed the relationship between the experience of the sur-
geon and the complication, conversion, and reintervention
rates for laparoscopic nephrectomy from seven centers where
more than 30 cases each were performed. The rates were 15%,
17%,and 7%, respectively, in the first 20 cases of each surgeon
(140 nephrectomies) compared to 3%, 7%, and 1.7%, respec-
tively, for the following 232 cases (2).

Delayed complications like hematoma or lymphocele for-
mation, urinary infection, small urinary leakage, and tempor-
ary ileus can usually be treated by conservative measures or
endourologic and radiologic interventions like catheter or
percutaneous drainage. Soulie and coworkers (3) analyzed
the complications of urologic laparoscopic procedures in their
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multiinstitutional study. They reviewed data from 1085
procedures and classified complications in the groups as
intraoperative, postoperative, and medical. Postoperative
complications represented 52% of all complications. The most
common postoperative complications were hematoma, uri-
noma, and wound infection at the trocar site. Hematomas
occurred in 10 patients all of which were treated conservatively
except for one lumbar hematoma, which was treated by
percutaneous drainage at 3 months. Eight patients had
retroperitoneal urinomas. All cases except one were treated
with ureteral or percutaneous catheter drainage. Wound
infection at the trocar site occurred in eight patients and all
resolved with antibiotics. Transient paralytic ileus occurred
after four laparoscopic radical prostatectomies and all resolved
with nasogastric drainage and parenteral fluids. Two sympto-
matic lymphoceles were treated with percutaneous drainage
at 2 and 3 weeks after pelvic lymphadenectomy.

Other delayed complications may ultimately necessitate
repeated exploration and surgical repair. These can be classi-
fied as bowel-related, urinary, and vascular complications.
Also solid organ injuries and abscess formation may necessi-
tate management by repeated surgery. Overall rates for com-
plications that were treated by repeated exploration have
been reported as 0.7–2.8% in series that include a wide vari-
ety of urologic laparoscopic procedures (3–5). The repeated
exploration rates for laparoscopic nephrectomy and laparo-
scopic pelvic lymph node dissection are 1.8–3.1%, and 0.7–7%,
respectively (2,6–10). Table 1 shows the repeated exploration
rates for delayed complications after urologic laparoscopic
surgery. Overall, the repeated exploration rate is 61 in
4003 procedures (1.5%).

The most frequent complications treated by repeated
surgery are bowel-related complications. Twenty-four of 61
(39.3%) repeated explorations were performed because of
bowel-related complications. Eight of these cases resulted
from herniation of bowel through a trocar site. Yaycioglu
and coworkers (5) reported six patients who underwent
repeated exploration because of bowel injury or bowel-
related complications after urologic laparoscopic surgery.
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Two patients underwent repeated laparoscopic exploration
because of postoperative ileus after pyeloplasty with pyelo-
lithotomy and ureteral reimplantation with Boari flap. In both
cases, the diagnostic laparoscopy was negative. One of these
patients had Clostridium difficile colitis. One patient had nau-
sea and vomiting after laparoscopic radical nephrectomy. The
computerized tomography (CT) scan showed mesenteric her-
nia and the patient underwent internal hernia repair and
small bowel resection by open surgery. Another patient who
presented with nausea and vomiting because of small bowel
obstruction due to adhesions after laparoscopic nephrectomy
was treated with lysis of adhesions and small bowel resection
by open surgery. One patient who developed acute renal fail-
ure, low white blood cell count, and hematemesis after donor
nephrectomywas found to have bowel perforation by CT. Open
exploration revealed duodenal perforation and the patient was
treated by duodenal resection and duodenojejunostomy.
Another patient who developed acute renal failure also had
abdominal pain after laparoscopic retroperitoneal mass resec-
tion after chemotherapy. The patient was evaluated by renal
Doppler ultrasonography and MAG-3 renal nuclear scan and
diagnosed with thrombosis of right renal artery. Subse-
quently, open exploration and right nephrectomy was per-
formed. Exploration also revealed a duodenal perforation,
which could not be detected by the imaging studies. Duodenal
perforation closure was performed. Soulie and coworkers (3)
reported a patient who presented with peritonitis 1week after
laparoscopic genital prolapse repair. At open exploration, she
had a small perforation of an ileal loop, which was repaired
without bowel resection. They also reported two patients with
trocar site hernia of ileal loop or cecum after laparoscopic
lymph node dissection. One of these patients had signs of
bowel obstruction and pain at the unclosed right trocar site
3 days after the primary operation. Incarcerated bowel at
the trocar site was detected and repaired by open surgery
without bowel resection. The other patient had peritonitis
and also pain at the unclosed right trocar site 1month after
the operation. Again, incarcerated bowel at the trocar site
was identified and repaired at open exploration without bowel
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resection. Parra and coworkers (4) reported a patient with per-
foration of the cecum that was diagnosed 4 days after laparo-
scopic pelvic lymph node dissection. At open exploration, the
findings suggested thermal injury with late rupture and the
patient was treated with temporary ileostomy. Another
patient became nauseated and showed signs of bowel obstruc-
tion 4 days after pelvic lymphadenectomy. Trocar site hernia
and incarceration of a loop of ileum through a defect in the fas-
cia at one of the lateral trocar sites was found and treated by
the resection of a 12 cm section of midileum and closure of
the fascial defect by open surgery. Rassweiler and coworkers
(2) reported three patients who underwent reintervention after
laparoscopic nephrectomy. Two patients had intestinal stenosis
and one patient had trocar site hernia; however, presenting
symptoms and the methods of repair were not given. Gill and
coworkers (6) reported two patients who developed trocar site
hernia after laparoscopic nephrectomy. One of these patients
was treated by open and the other by laparoscopic surgery.
Eraky and coworkers (7) reported one patient with colonic per-
foration after laparoscopic nephrectomy, which was managed
by open surgery. Kavoussi et al. (8) reported three patients
who underwent repeated open surgery due to bowel injury or
bowel-related complications after laparoscopic pelvic lymph
node dissection. One patient developed rebound tenderness,
erythema, and purulent drainage from a trocar site on post-
operative day 6. Exploration revealed a small bowel injury,
which was oversewn. In one patient, pelvic abscess developed
4 months following node dissection. This patient also had
received x-ray therapy to the prostate. At exploration, a small
hole was discovered in the sigmoid colon that was repaired.
One patient who had small bowel obstruction, which did not
resolve with nasogastric suction, required open exploration
with excision of a segment of small bowel that had become
adherent to the bed of the node dissection. Chow and coworkers
(10) reported four patients with bowel-related complications
after laparoscopic pelvic lymph node dissection. One patient
was treated with open surgery for small bowel obstruction
due to adhesions. Another patient who had perforation of sig-
moid colon had a CT scan after laparoscopy, which identified
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pneumoperitoneum but failed to show the perforation. The per-
foration was found and repaired at open exploration. They also
reported two patients with small bowel obstruction due to tro-
car site hernia. Both were detected by CT scans and underwent
subsequent surgical repair.

Urinary leakage is the second most common type of
complication that was treated by repeated surgery. Fourteen
patients (22.9%) were explored in the postoperative period
because of urinary leakage. Yaycioglu and coworkers (5)
reported two cases, one of which had abdominal pain and
elevated white blood cell count after laparoscopic uretero-
lithotomy. Computerized tomography scan performed on
15th postoperative day showed pelvic urinoma and abscess for-
mation. The patient was treated with laparoscopic exploration
and drainage. The other patient had abdominal pain after
laparoscopic pyeloplasty. Computerized tomography scan
showed perirenal urinoma and the patient was treated with
laparoscopic exploration and nephrostomy tube placement.
Soulie and coworkers (3) performed repair by open surgery
in one patient because of delayed cutaneous urinary fistula
1month after laparoscopic resection of hydrocalix. They also
reported five patients who were treated by open repair because
of disunion of vesicourethral anastomosis 3–10 days after
laparoscopic radical prostatectomy (3). Parra and coworkers
(4) reported a case that presented with increased abdominal
pain, nausea, and occasional emesis 1month after laparoscopic
extended pelvic lymphadenectomy. Computerized tomography
scan documented a urinoma over the right iliac vessels. Open
surgical exploration revealed a 2 cm segment of the right
ureter that was necrotic at the level of the iliac bifurcation.
Drainage and reimplantation with a psoas hitch was per-
formed. Kavoussi and coworkers (8) reported two patients
who were treated with open surgery due to urinary leakage
after laparoscopic pelvic lymph node dissection. One patient
developed fever 3 days postoperatively and the CT scan
revealed a large urinoma in the pelvis. Open exploration was
performed and a transected ureter was repaired. Another
patient had bladder injury due to trocar placement. This
patient developed hematuria during the node dissection. A
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postoperative cystogram demonstrated an intraperitoneal rup-
ture. A trial of catheter drainage for 10 days was unsuccessful,
open exploration was performed and a perforation at the dome
of the bladder was found and repaired. Thomas and coworkers
(9) reported a patient who sustained a ureteral injury during
laparoscopic pelvic lymph node dissection and was treated by
open surgery in the postoperative period. Chow and coworkers
(10) reported two patients with ureteral injury after laparo-
scopic pelvic lymph node dissection. One patient presented
with right flank pain 5 weeks after laparoscopic dissection.
Computerized tomography scan showed urinary ascites with
extravasated urine in the right perinephric and anterior para-
renal spaces and also dilatation of the right renal pelvis. Open
surgical exploration confirmed the ureteric laceration. Another
patient had abdominal distention 3 weeks after laparoscopic
dissection. Computerized tomography scan showed multiple
cystic collections in the abdomen and right-sided hydronephro-
sis. Open exploration revealed multiple urinomas and the dis-
ruption of right ureter.

Twelve patients (19.7%) underwent repeated exploration
because of vascular complications. Yaycioglu and coworkers
(5) reported two patients. One had low blood pressure and
falling hematocrit levels after laparoscopic donor nephrect-
omy. Computerized tomography scan showed hematoma of
the left rectus muscle and the patient was treated with liga-
tion of inferior epigastric artery by open surgery. The other
patient developed acute renal failure and abdominal pain
after laparoscopic resection of retroperitoneal mass after
chemotherapy. The patient was evaluated by renal Doppler
ultrasonography and MAG-3 renal nuclear scan. The patient
was diagnosed with thrombosis of right renal artery and
underwent subsequent open exploration and right nephrect-
omy. This patient also had duodenal perforation found at open
exploration. Soulie and coworkers (3) performed two emergency
reoperations for hemorrhage after radical nephrectomy and
varicocelectomy. In both cases, the bleeding was due to misfit
of endoscopic clips. Rassweiler and coworkers (2) performed
reinterventions to seven cases because of bleeding after laparo-
scopic nephrectomy. Eraky and coworkers (7) had one case with
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bleeding from renal vein after laparoscopic nephrectomy that
was repaired with open surgery.

Twelve patients (19.7%) had various delayed complica-
tions. Rassweiler and coworkers (2) reported four cases of
abscess formation and a case of pancreatic fistula after
laparoscopic nephrectomy. Gill and coworkers (6) reported
two patients who underwent open splenectomy and open sur-
gical resection of duodenal ulcer in the postoperative period
because of splenic injury and hemorrhage of a preexisting
duodenal ulcer, respectively, after laparoscopic nephrectomy.
Also a case of wound dehiscence and a case of perforated
diverticulitis treated by open surgery, and three cases of lym-
phocele formation treated by laparoscopic marsupilization
were reported after laparoscopic pelvic lymph node dissection
(4,8,9).

Discussion

Delayed bowel complications present with nausea, vomiting,
ileus, signs of peritonitis, low white blood cell count, and pain
at trocar site with erythema and purulent discharge. How-
ever, bowel injuries may also have an atypical presentation.
The patient may have persistent pain at a trocar site without
erythema or discharge. This finding can be associated with
abdominal pain and diarrhea but without leukocytosis, fever,
diffuse pain, ileus, nausea, or vomiting. In a retrospective lit-
erature review, the average time to recognize a small bowel
injury was 4.5 days (range 2–14) and large bowel injury 5.4
days (range 1–29). Thermal injuries presented later than non-
thermal injuries (11). Patients with delayed urinary leakage
present with signs of infection and the mass effect of the uri-
noma. These include elevated white cell count, fever, abdom-
inal or flank pain, abdominal distention, nausea, and emesis.

Since clinical findings may be atypical and insufficient
for the correct diagnosis, it is advisable to have a low thresh-
old for radiologic evaluation of patients who are acutely ill or
symptomatic after urologic laparoscopic surgery. Computer-
ized tomography scan is the best radiologic study and usually
reveals the underlying complication accurately. For patients
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with negative CT scans, management should be planned on
an individual basis. Chow and coworkers (10) reviewed the
CT findings in their patients with major complications after
laparoscopic lymphadenectomy. Clinical evidence of major
complications was seen in 12 of 85 patients (14%). Eight of
these patients had postoperative abdominal and pelvic exam-
inations and CT findings provided diagnostic information that
was used to select appropriate treatment in seven of eight
cases. Complications detected on CT scans included small
bowel obstruction due to herniation of bowel through the tro-
car site or to adhesions, hematoma in the abdominal wall,
infected retroperitoneal hematoma, urinary ascites or multi-
ple urinomas due to ureteral laceration or transection, and
large lymphoceles. In one patient, the CT scan did not reveal
the perforation of sigmoid colon. This patient had pneumoper-
itoneum on CT, which was considered to be due to residual
carbon dioxide (CO2). The bowel, however, appeared normal.
Cadeddu and coworkers (12) performed a retrospective analy-
sis in order to determine the indications for and findings of
CT in symptomatic patients after urologic laparoscopic sur-
gery. They reviewed data from 400 patients who underwent
urologic laparoscopic procedures and identified 20 (5%) who
had postoperative symptoms that prompted evaluation by
CT scans. They identified 15 complications in 13 patients that
were diagnosed by CT. Four patients needed additional inter-
ventions for the treatment of pathology that was discovered
by CT. Overall, CT made a symptom-related diagnosis in
75% of the time. When performed for a decreasing hematocrit
or to evaluate a patient with suspected sepsis CT identified
the etiology in 100% of patients. On the other hand, a clear
source was identified in only 58% of the time when the CT
scan was performed for the evaluation of unexplained flank
or abdominal pain. Yaycioglu and coworkers (5) reviewed
their experience with patients who underwent repeated
exploration within the first month after laparoscopy. Nine
patients were treated with repeated exploration from 1226
procedures (0.7%) that were performed within a 7-year per-
iod. The symptoms appeared 0–25 days (median 2) after sur-
gery. All patients except one were evaluated by CT scans.
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Repeated operations were laparoscopic in four and open in
five patients. In all of the patients who were evaluated with
CT scan, radiologic findings were consisted with surgical find-
ings and no complications could be identified at exploration
that was missed by CT scan. One patient was evaluated by
Doppler ultrasonography and renal perfusion scan and a duo-
denal perforation was undetected which was diagnosed at
open exploration.

Once the decision for repeated exploration is made, one
has to further decide for the method of exploration. Laparo-
scopic exploration can be considered especially for patients
with persistent symptoms despite negative radiologic studies.
Previously, Bauer and coworkers (13) reported their experi-
ence with laparoscopy in three postoperative urologic patients
with acute abdomen. One of these patients was status post
open surgery, other one laparoscopy, and the third was a
patient with trauma. They suggested that laparoscopy could
provide diagnostic capabilities equivalent to that of open
exploration. Laparoscopy is also useful for the drainage of uri-
nomas and the management of lymphoceles (4,5). In other
patients, the method of exploration and repair that is appro-
priate for the diagnosed underlying abnormality should be
performed.

ABDOMINAL AIR IN POSTOPERATIVE
IMAGING

Free air in the abdomen after laparotomy is a well-recognized
phenomenon. It is caused by the room air trapped in the
abdominal cavity during wound closure. Laparoscopic surgery
is mostly performed by the insufflation of CO2 into the perito-
neal cavity. CO2 is much more soluble in serum than room air
and it is readily excreted from the lungs after it is absorbed by
the peritoneum. Therefore, it is expected that pneumoperito-
neum after laparoscopy should be smaller in volume and
shorter in duration compared to open surgery. Nevertheless,
detection of free air in the abdomen at postoperative imaging
after laparoscopic procedures is a diagnostic dilemma and
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differentiation of its origin should be made. This is especially
true when the patient is being evaluated for postoperative
complications like bowel injury or intraabdominal abscess.
The main sources of abdominal free air after laparoscopic sur-
gery are: pneumoperitoneum due to laparoscopy and abdom-
inal incisions made for hand-assisted laparoscopy or intact
specimen removal, viscus injury, infection with gas forming
organisms, and intraabdominal abscess formation. Other
causes of free air in the abdomen are migration of air into the
abdominal cavity from pneumomediastenum or pneumothorax,
and through the female genital tract (14–16).

Radiologic studies detect small amounts of free air in
46–70% of the patients 1 day after laparoscopic cholecystect-
omy in patients without complications. In most of the cases,
free air does not persist for more than a week and the amount
of air decreases with serial radiologic studies. Nonpathologic
free air is usually seen as bubbles located anteriorly adjacent
to the rectus muscles, anterior to the liver and around the tro-
car sites. However, free air due to bowel perforation can also
be seen as multiple small gas bubbles along the anterior peri-
toneal surface of the liver. Computerized tomography appear-
ance of air in discrete loculations suggests intraabdominal
infection like infected ascites. The presence of a thickened
colonic wall with paracolonic bubbles is associated with
colonic perforation. In patients who are symptomatic but no
perforation can be demonstrated on imaging, the finding of
increasing amounts of free air and fluid in the abdominal
cavity in repeated CT scans is highly suggestive of an
unrecognized bowel injury.

McAllister and coworkers (17) obtained upper abdominal
CT scans from 27 consecutive patients approximately 24hr
after elective laparoscopic cholecystectomy in order to demon-
strate postoperative CT findings of uncomplicated laparo-
scopic cholecystectomy. The majority of the patients were
discharged the day after surgery and no significant postopera-
tive complications occurred. They observed pneumoperito-
neum in 19 (70%) patients. The amount of free air was only
several bubbles or a small amount of air located anterior
to the liver, around the position of the previously placed
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operative trocars. They found a large amount of free air only in
one patient. Five patients (19%) had ascites. The amount of
fluid was minimal and usually located in the subhepatic space.
In only one patient, there was a moderate amount of fluid.
Subcutaneous emphysema was seen in 15 patients (56%).
Fourteen of these patients had a minimal amount of subcuta-
neous emphysema. The authors suggested that since a small
amount of pneumoperitoneum is a common finding, only when
large or increasing amount of free air are detected should a
postoperative complication be considered in the appropriate
clinical setting. Also the presence of minimal abdominal fluid
following cholecystectomy is well documented and the compo-
sition probably consists of serum, blood, lymph, or bile rather
than the irrigating solution, which has a lowmolecular weight
and is rapidly absorbed by the peritoneal membrane within
24hr. The appearance of large or increasing amounts of fluid
collections should be viewed with suspicion.

Millitz and coworkers (18) prospectively obtained upright
chest radiographs from 50 patients who underwent laparo-
scopic cholecystectomy on postoperative days 1 (6hr after
surgery), 2, 4, 7, and 14 until the pneumoperitoneum res-
olved. A perpendicular measurement of any pneumoperito-
neum detected between the diaphragm and the liver was
made. The pneumoperitoneum was graded as absent, trace
(1–5mm), mild (6–10mm), or moderate (10–15mm). None
of the patients had any postoperative complications. Pneumo-
peritoneum was detected postoperatively for various lengths
of time in 23 patients (46%). For all but one patient, the
pneumoperitoneum resolved in the first week after surgery.
In the remaining patient, the pneumoperitoneum resolved in
the second week after surgery. The pneumoperitoneum was
graded as trace in 17, andmild in six patients. In four patients,
the amount of pneumoperitoneum on the second postoperative
day radiograph was more extensive than the amount on the
first postoperative day. For all the remaining patients, the
maximum amount of free air was seen on the initial radio-
graph. An inverse correlation was detected between body
weight and the duration of pneumoperitoneum. Thin patients
showed more extensive pneumoperitoneum that lasted longer.
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Obese patients, on the other hand, had less extensive pneumo-
peritoneum that disappeared sooner. Only 33% of obese
patients had pneumoperitoneum postoperatively compared
to 62% for thin or average weight patients who had this condi-
tion. When the frequency and duration of the pneumoperito-
neum was compared with the frequency and duration of
pneumoperitoneum reported in the literature for open sur-
gery, the numbers were similar. Since CO2 should be reab-
sorbed more quickly than residual room air after
laparotomy, it is likely that room air may enter the peritoneal
cavity during laparoscopy and this possibly occurs during the
insertion and removal of instruments or when a fascial suture
is used to close the peritoneal opening. Another explanation
is that CO2 is reabsorbed more slowly than originally antici-
pated.

Gayer and coworkers (19) investigated the prevalence,
duration, and significance of postoperative pneumoperitoneum
as detected by CT. They reviewed the 103 postoperative CT
examinations of 89 patients who underwent 92 abdominal
surgical procedures. Indications for CT were fever and leuco-
cytosis, abdominal pain or distention, suspicious discharge
from the drain, general deterioration, vomiting, and wound
dehiscence. Prevalence of pneumoperitoneum was 29% after
laparotomy and 23% after laparoscopy. The CT scans were
performed 1–18 days after surgery. Free air was detected
in none of the examinations performed 18–37 days after sur-
gery. Thirteen examinations were performed following
laparoscopic procedures. Eight of these were performed
within the first 7 days and the other five scans between the
8th and 26th postoperative days. Free air was seen in three
scans (23%). In two of these examinations, performed within
the first postoperative week, the volume of free air was very
small (0.5 and 1mL). In both cases, the air collected ante-
riorly, adjacent to the rectus muscles. The third patient
had 20mL of free air 14 days after laparoscopic cholecystect-
omy. This patient with end-stage renal failure had a moder-
ate amount of ascites secondary to peritoneal dialysis. On CT
prior to the laparoscopic surgery, no free air was present.
Most of the free intraperitoneal air in this case was in
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association with the ascites, appearing as discrete loculations
containing air–fluid levels, and only about 1mL was sepa-
rate from the ascites anterior to the stomach. The patient
was reoperated 8 days after CT because of peritonitis, and
the ascites proved to be purulent. This was the only patient
who had peritoneal intrusion between surgery and CT.

A patient has been reported with peripancreatic retro-
peritoneal gas mimicking necrotizing pancreatitis after lap-
aroscopic cholecystectomy (20). The patient presented with
retroperitoneal gas 7 days after surgery, but did not have
the clinical or biochemical features of necrotizing pancreatitis.
Resolution of her low-grade fever and of the radiologic findings
suggested that the pneumoretroperitoneum was related to the
laparoscopic cholecystectomy. Dowdell and coworkers (21)
prospectively investigated the prevalence of pneumoperito-
neum at CT after laparoscopic cholecystectomy. They obtained
CT scans from nine patients within 24hr of laparoscopic cho-
lecystectomy. They reported that the findings are correlated
with duration and difficulty of surgery.

Daly and coworkers (22) reviewed the clinical records of
209 patients who underwent nonbiliary laparoscopic gastroin-
testinal surgery. Abnormal intraperitoneal gas collections
were seen in one patient who had perforation of the colon
and pericolonic abscess after retroperitoneal lymph node
biopsy for testicular malignancy. The CT scan was performed
3 days after laparoscopic biopsy because of fever. The air was
inside a gas containing pericolonic abscess. Abdominal wall
gas was detected on CT in four patients as many as 7 days
after surgery. In one patient the gas was caused by abscess
at a trocar site, and in the remaining three it was caused by
postoperative air collections.

Chow and coworkers (10) have previously described a
case with sigmoid injury after laparoscopic pelvic lymphade-
nectomy. The CT scan showed intraperitoneal air but no signs
of sigmoid injury.

Cadeddu and coworkers noted intraperitoneal or retro-
peritoneal gas in four of eight patients who had CT scans
within the first week after urologic laparoscopy. Three of
these patients had abdominal incisions for specimen retrieval
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and the fourth case had a perforated ulcer. They suggested
that viscus injury should be considered in the appropriate
clinical setting when pneumoperitoneum was detected more
than 24–48hr after surgery.

Patients with gastrointestinal perforation are usually
detected accurately by CT scan. Jeffrey and coworkers (23)
reviewed data from five patients who had clinically unsus-
pected gastrointestinal perforation and CT evidence of
pneumoperitoneum. The clinical indication for obtaining CT
scanswereblunt abdominal trauma (n¼ 2), suspectedpancrea-
titis (n¼ 2), and possible intraabdominal abscess (n¼ 1). Scans
were obtained following both oral and intravenous contrast
media.All fivepatientshadCTevidence of pneumoperitoneum.
In four cases, multiple small gas bubbles were seen along the
anterior peritoneal surface of the liver. In one patient, there
was a largehydropneumoperitoneumcentrally in themidabdo-
men. The etiology of the gastrointestinal perforation was
demonstrated in four of five patients. This included two
patientswith perforation of a gastric ulcerwhich showed extra-
vasation of oral contrast into the lesser sac, one patient with
duodenal perforation with paraduodenal gas extending into
the right anterior pararenal space as well as pneumoperito-
neum, and one patient with colonic perforation which the CT
scan revealed a thickened colonic wall and paracolonic gas
bubbles. In one patient with a laceration of the jejenum, the
site of the perforation was not apparent and the presence of
pneumoperitoneum was the only abnormal CT finding.

KEY POINTS

� The repeated exploration rate after urologic laparo-
scopic surgery is 1.5%.

� Bowel-related, urinary leakage, and vascular compli-
cations are the main causes for repeated exploration
along with solid organ injuries, lymphocele, and
abscess formation.

� Delayed bowel complications present with nausea,
vomiting, ileus, signs of peritonitis, low white blood
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cell count, and pain at trocar site with erythema and
purulent discharge. However, an atypical presenta-
tion should also be expected.

� It is advisable to have a low threshold for radiologic
evaluation.

� Computerized tomography scan is the first choice of
radiologic study.

� Laparoscopic exploration can be considered especially
for patients with persistent symptoms despite nega-
tive radiologic studies.

� In other patients, the method of exploration and
repair that is appropriate for the diagnosed underly-
ing abnormality should be performed.

� Small amounts of free air is found in 46–70% of the
patients early after laparoscopic surgery and does
not persist for more than a week in most of the cases.

� Computerized tomography appearance of air in dis-
crete loculations suggests intraabdominal infection
and the presence of thickened colonic wall with para-
colonic bubbles is associated with colonic perforation.

� The finding of increasing amounts of free air and
fluid in repeated CT scans is highly suggestive of an
unrecognized bowel injury.
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INTRODUCTION

Since its introduction in the early 1990s, the laparoscopic
approach to urologic surgical problems has benefited innu-
merable patients through decreased perioperative pain, more
rapid recovery, and improved cosmesis. The number of lapa-
roscopic procedures which can be offered to the urologic
patient has exploded over the past decade as pioneers have
sought to expand the indications for laparoscopy from relati-
vely simple extirpative operations to complex reconstruction.
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Despite these beneficial developments, laparoscopy may
be associated with a significant risk of medical malpractice
litigation (1). Laparoscopy came later to urology than it did
to gynecology and general surgery, and as its use increased
in the latter disciplines, the risk of medical malpractice liti-
gation also became greater; so much so, that in July 1994
the Association of Trial Lawyers of America founded a Laparo-
scopic Surgery subgroup to study this emerging area of legal
action (2). Numerous articles in the surgical and gynecological
literature attempt to address factors that lead to lawsuits in
laparoscopic cases, and the insurance industry has also com-
missioned inquiry into the origins of such litigation (3). The
purpose of this chapter is to review the literature on medical
malpractice in the realm of laparoscopic surgery, to discuss
why the heightened potential for lawsuits relating to laparo-
scopy exists, and to provide the reader with some general
guidelines that may help to decrease the risk of litigation.

CURRENT STATE OF MALPRACTICE IN
LAPAROSCOPIC SURGERY

Most of the available information regarding litigation related to
laparoscopy comes from the general surgical and gynecological
literature. The incidence and prevalence of laparoscopic litiga-
tion is difficult to determine. At the 1995 meeting of the Society
of Laparoendoscopic Surgery, a survey indicated that 13% of
members were occupied with litigation of at least one case invol-
ving laparoscopic electrosurgical injury (2). Between 1990 and
1998, there were 40 litigated cases of laparos copic bowel injury
closed by the Canadian Medical Protective Association, a non-
profit medical mutual defense organization whose membership
includes 95% of licensed Canadian physicians (4).

In 1994, the Physician Insurance Association of America
(PIAA)� reported a total of 331 claims involving laparoscopic

�The PIAA is a trade association of over 60 medical malpractice insurance
companies, which collectively insure 60% of the private practice physicians
in the United States.
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cholecystectomy (1), a procedure that was first performed in
the United States only 5 years earlier. In comparison, there
were 366 claims involving open cholecystectomy cases over
the 7-year period from 1985 to 1992. The PIAA found that
laparoscopic cholecystectomy litigation was more likely to
result in payment to the plaintiff than was open cholecystec-
tomy litigation. In addition to cholecystectomies, the PIAA
reported an additional 278 lawsuits related to a variety of
laparoscopic procedures, although none were urologic (1). The
majority of the other cases comprised diagnostic laparoscopy,
tubal ligation, lysis of adhesions, hysterectomy, and salpingo-
oophorectomy. Bowel injuries were the most common complica-
tions in lawsuits related to the first three procedures, while
ureteral and bladder injuries were the most common in the
latter two.

In August 2000, the PIAA published results of their
laparoscopic injury study (3), which was commissioned as a
result of a perceived rapid increase in claims related to laparo-
scopy. Between 1990 and 1994, 750 claims were filed with
PIAAmembers, while from 1995 to 1999, 1426 claims occurred.
Total payout increased from $42 million in the first 5 years to
over $104 million during the second 5-year period. In that
report, the overwhelming majority of cases were general surgi-
cal or gynecological, while only six cases were urological.

MALPRACTICE LITIGATION IN LAPAROSCOPIC
UROLOGY

In the spring of 2003, Marcovich and associates (5) at Long
Island Jewish Medical Center conducted an internet-based
survey of practicing urologists in the United States in order
to determine their malpractice histories as related to laparo-
scopic procedures. Using commercially available software, an
e-mail requesting participation in the survey was sent to all
active and associate members of the American Urological
Association with an e-mail address on file in the society mem-
bership directory. Residents, fellows, and nonurologists were
excluded. Respondents were initially asked if they perform
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laparoscopic procedures, and were asked about their training
and practice patterns and whether they had been sued over a
laparoscopic case. Data were then gathered regarding specific
cases up to a total of three per respondent.

Completed surveys were obtained from 426 respondents.
Of these, 278 (65.3%) reported performing laparoscopic surgery
in their practice for a median number of 3 years (range 1–15
years). By far the largest subset of respondents who were
performing laparoscopy had received their training entirely
through postgraduate courses only (47.7%). With regard to
experience, 200 respondents (71.9%) stated that 10% or fewer
of their operative cases were performed laparoscopically, while
only 78 (28.1%) did more than 10% of their cases laparoscopi-
cally. The median number of laparoscopic cases per year was
15 (range 1–400).

Of the 278 respondents who performed laparoscopy,
19 (6.8%) reported having been sued. Three participants
reported two lawsuits and none reported more than two. Of
note, there were no statistically significant differences in
training and experience profiles of those respondents who
were sued in comparison to those who had not been sued. How-
ever, a significantly higher percentage of those who were sued
reported having extensive laparoscopic experience compared
to those who were not sued. The median number of laparo-
scopic cases performed prior to being sued was 75 (range
10–650 cases). Only five of the respondents sued had done
fewer than 50 laparoscopic cases prior to the one which
resulted in a claim.

The most common reason for a lawsuit in this survey
was an intraoperative injury (15 of 22, 68%); two (9%) cases
were due to a nonoperative incident occurring during surgery,
three (14%) were related to postoperative occurrences, and
two (9%) were classified as ‘‘other.’’ The latter included a case
of tumor recurrence after laparoscopic nephrectomy and a
case of testicular atrophy following laparoscopic orchidopexy.
Details of postoperative incidents and nonoperative occur-
rences during surgery were not sought in the survey.

The majority of claims in this study (13, 59%) were still
open, four (18%) had been dropped, three (14%) had settled
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out of court, and two (9%) had returned a verdict for the
urologist. No cases were reported in which a decision had
been made in favor of the plaintiff, possibly indicating selec-
tion bias. Not surprisingly, some type of nephrectomy was
involved in nearly half of the cases. This may be due to the
fact that the majority of urological cases currently being
performed laparoscopically are renal procedures. The most
common surgical approach was pure laparoscopic in 18
(82%); three other cases were performed hand-assisted, and
none robotically. In the 15 cases of intraoperative injury,
there were 16 structures injured; six (38%) involved the gas-
trointestinal tract, and half of these were small bowel inju-
ries. No portion of the GI tract was spared, as injuries
occurred to stomach, colon, and rectum as well. When taking
into account the two bladder injuries, damage to a hollow vis-
cus was the most common form of mishap (eight of 16 cases).
Vascular insults occurred in five cases; sites reported were
aorta (one), vena cava (one), renal vessels (one), iliac vessels
(one) and postoperative hemorrhage following adrenalectomy
(one). There was one case of an intercostal nerve injury.

In almost half of the intraoperative injuries, the method
causing the insult was sharp dissection (seven of 15, 47%).
There were only two cautery injuries and one trocar injury;
however, in four of the cases, the device causing injury was
unknown. Of the 13 cases in which it would have been pos-
sible to recognize the injury intraoperatively, the insult was
recognized in only six (46%), most of which were vascular
injuries. The majority of insults (five hollow viscus, one nerve,
and one vascular) were not recognized at the time of the ori-
ginal procedure; three were recognized and/or repaired within
24hr and three between 1 and 7 days postoperatively. There
was no discernible relationship between outcome of the pat-
ient and status of the corresponding claim.

THE RELATIONSHIP BETWEEN LAPAROSCOPY
AND MEDICAL MALPRACTICE LITIGATION

There are several important issues when laparoscopy is
considered in a medicolegal context. These issues include
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development of new standards of care, training and certifica-
tion, and the potential for complications, which may arise and
present differently than those in open surgery (6). Neither
the importance of communication nor of an appropriately
executed informed consent should be underestimated (7).

Standard of Care

Laparoscopy is not a new treatment—it simply represents a
new method to deliver established therapy. As such, there is
always the potential to compare a laparoscopic operation to
an analogous open one, the latter often considered by the
medical (and legal) community as the ‘‘gold standard.’’ Thus,
as the laparoscopic armamentarium is developed, each opera-
tion passes through a phase in which it is performed and
refined only by a few experts and then, depending on various
factors such as the degree of difficulty, reports of efficacy, and
the public demand for that type of surgery, it is disseminated
with variable penetration into the community.

Therefore, the question of standard of care arises for
every laparoscopic procedure. At some point in its evolution,
an operation progresses from not being the standard of care
to being acceptable. As an example, in 1991 after Clayman
and associates (8) reported the first laparoscopic nephrectomy,
no one would have argued that removing a cancer-bearing
kidney laparoscopically was standard of care, yet that opera-
tion was soon to be accomplished, and now laparoscopic radi-
cal nephrectomy is universally accepted.

In a field developing as rapidly as laparoscopic urology,
this type of evolution has strong implications for medical liti-
gation. When does a laparoscopic procedure become accepted,
especially given that open surgical alternatives exist for each
one? Is it after the first case report, after the first series is pre-
sented, or after its first appearance in a textbook? Unfortu-
nately, there are no clear answers to these questions.

The type of development that laparoscopic operations
progress through is illustrated today by the example of laparo-
scopic partial nephrectomy, which shows that even within the
realm of a single procedure, an established standard may be
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lacking. For example, differences exist in the approaches (pure
vs. hand-assisted), the need for hilar clamping, the methods of
renal cooling, the techniques used for tumor excision, and the
means of obtaining hemostasis. What is the standard method
of performing a laparoscopic partial nephrectomy? At this
point in time, that question is unanswerable.

Training and Certification

There currently exist no established standards for training
or certification of laparoscopic urologists. Fellowship training
is certainly an advantage but is probably not necessary for
those exposed to a substantial amount of laparoscopy during
residency. Certainly, the practitioner should be well versed
in the basic principles of laparoscopy, the instrumentation
used, how to troubleshoot equipment problems, and the pre-
vention, recognition, and management of intraoperative com-
plications. The learning curve is subjective and differs for
various procedures. It has been suggested that the learning
curve for laparoscopic nephrectomy is 20 cases, while for
laparoscopic prostatectomy it is 50. However, the recent sur-
vey of Marcovich and associates (5) on the laparoscopy-related
malpractice history of urologists in the United States sug-
gested that experienced laparoscopists are at similar risk of
litigation as those who have less experience. It is, therefore,
unclear whether the learning curve or the level of training
impacts the risk of litigation.

Differences from Open Surgery

The majority of lawsuits stemming from laparoscopic surgery
are related to intraoperative injury (1,3,5,6). The techni-
ques of laparoscopy pose a risk for injuries not seen with open
surgery, such as needle and trocar injuries to bowel and vas-
culature. Electrocautery injury to the intestines may occur
outside of the surgeon’s field of view and may therefore go
unrecognized (2). In a series of litigated gynecological cases,
Vilos (4) found that 45% of bowel injuries were undetected
at the time of injury and these were associated with 67% of
the litigation outcomes unfavorable to the surgeon. Both of
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the PIAA studies confirmed that unrecognized injuries were
more likely to result in payment to the plaintiff than recog-
nized injuries (1,3). Marcovich and associates noted that
54% of injuries in their survey went unrecognized, and the
majority of these were injuries to the gastrointestinal tract.
Those mishaps that were recognized were likely to be vascu-
lar (5). Bishoff and coworkers (9) reported that laparoscopic
bowel injury presents in a more subtle fashion than open
surgical bowel injury, with severe, single trocar site pain,
abdominal distention, diarrhea, and leukopenia followed by
acute cardiopulmonary collapse secondary to sepsis within
96hr of surgery. Thus, increased vigilance is necessary both
intraoperatively and postoperatively to detect bowel injuries,
although evidence suggests that a certain small percentage of
bowel injuries will occur despite the most attentive precau-
tions (4). The nature of laparoscopy is such that if a patient
does not continually progress after surgery, a complication
should be suspected and aggressively sought out (6).

One type of injury that is unique to laparoscopy is the inci-
sion that results from conversion to an open procedure. Patients
must be made to understand that open conversion can occur in
any laparoscopic procedure and he or she should be consented
for a possible open operation. The patient should be reassured
that conversion to open surgery would only occur for his or
her safety or if it is absolutely required in order to meet the
goals of the operation. Anecdotal cases exist of patients who
have sued their physicians solely because of a conversion to
an open procedure, despite an otherwise successful operation,
on the basis of disfigurement from a large incision.

Reducing the Risk of Litigation

Can involvement in malpractice litigation be avoided? In
a survey of the malpractice histories of urologists listed in
‘‘Best Doctors in America,’’ Kaplan reported that 77% of res-
pondents had been sued, with an average of 2.3 claims per
urologist. He concluded that there was a direct correlation
between time in practice and the risk of being sued, and that
professional reputation did not affect the likelihood of being

176 Marcovich and Lee



named in a suit (10). This is certainly a dismal outlook that
is only worsened by the conclusions of two Harvard School
of Public Health studies, which indicated that litigation is
ineffective as either a deterrent to negligence or as a compen-
satory mechanism for patients who have been truly harmed
(11,12).

Despite this disheartening evidence, there are precau-
tions that the surgeon can take to decrease the risk of litiga-
tion. Doing all that is possible to prevent, recognize, and
timely manage complications is of utmost importance. Specific
ways to accomplish these three tasks is beyond the scope of
this discussion, but some general recommendations will be
proposed. First, take the time to ensure that the patient is
appropriately positioned and carefully padded in order to
avoid a neuromuscular injury, whichmay complicate an other-
wise well-executed operation. Second, always inspect the
peritoneal cavity for evidence of needle or trocar injury after
access is gained. Neither use of the open Hasson technique
nor a visualizing trocar completely eliminates the risk of
bowel injury during placement of the primary port (13,14).
After placement of the secondary cannula under direct vision,
the primary trocar should be inspected with the laparoscope
in the secondary port. Third, consider using alternatives to
monopolar electrocautery, such as harmonic scalpel or bipo-
lar electrocautery, in order to minimize the risk of organ
injury from stray electrical energy (2). Fourth, always assess
the completeness of hemostasis at the conclusion of the proce-
dure by reducing the pneumoperitoneum pressure to 5mmHg.
Finally, ensure that the patient is continually improving in
the postoperative period. As mentioned previously, lack of pro-
gressive improvement after laparoscopy should prompt the
surgeon to search for a potential unrecognized injury.

Communication with the patient and family and develop-
ing rapport with them are also paramount. Numerous stu-
dies show a relationship between the interpersonal aspects of
care and the decision to sue a physician (15–17). Levinson and
associates (17) found that physicians who educated patients
about what to expect, solicited patients’ opinions, checked
patients’ understanding, and encouraged patients to talk,
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were less likely to have malpractice claims against them.
Ambady and coworkers (18) studied the relationship of sur-
geons’ tone of voice to malpractice claims history and found
that surgeons who were judged to be more dominant and less
concerned or anxious on the basis of their tone of voice were
more likely to have been sued than surgeons who were judged
to be less dominant and more concerned.

It is advisable, therefore, for the surgeon to take time
to educate the patient regarding the disease process for which
the laparoscopic procedure is being proposed. This should
include a discussion of all the alternatives to laparoscopy,
including not operating at all or performing an open pro-
cedure. The material risks and benefits of the laparoscopic
procedure, of the open alternative, and of not performing sur-
gery at all should be presented. Material risk is defined as a
complication that either occurs with a frequency greater than
1% or that a patient would attach reasonable significance to
in deciding whether or not to submit to the procedure. It is
especially important to inform patients that despite its less
invasive nature, laparoscopic surgery still causes pain. For
elective cases, which encompass essentially all laparoscopic
urologic operations, the patient should be given adequate
time to think about the alternatives, discuss them with family
members, and think of questions pertaining to the sugges-
ted treatment course. The surgeon should be freely available
to answer any questions or address any concerns. During
lengthy procedures, it may help to reassure the family by a
telephone call from the circulating nurse that the operation
is progressing well. If a complication does arise, the physician
should be open with the patient and family about the occur-
rence and should be especially attentive to communicating
with them and addressing their concerns postoperatively. A
patient is more likely to seek legal action if he or she feels
abandoned. Ultimately, whether there is a complication or
not, the patient should be made to feel that the urologist’s
overriding goal is his or her well being.

Finally, no discussion of malpractice would be com-
plete without addressing the issue of documentation. The
attorney’s maxim is that ‘‘if it wasn’t documented, it wasn’t
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done.’’ All consultations should be noted in writing, and it is
especially important to verify that material risks, benefits,
and alternatives were discussed and understood. The ope-
rative note should indicate all precautions taken to prevent
injury and operative findings should be communicated with
the patient and family. Batt and McCarthy (7) have suggested
that the patient be given copies of intraoperative photographs
that demonstrate pertinent findings and correct performance
of the procedure, and that such photographs also be placed on
the patient’s chart. Regardless of the approach, the burden of
documentation is carried by the surgeon.

APPENDIX

Checklist to Minimize Risk of Litigation in Laparoscopic
Surgery

1. Do the patient and immediate family understand
the nature of the disease?

2. Do the patient and immediate family understand
the proposed procedure? Diagrams and printed lit-
erature are very effective ways to communicate this.

3. Have they been given alternatives to the procedure,
including a discussion of the risk of not undergoing it?

4. Have they been informed of the material risks of
the procedure?

5. Do they understand that open conversion may be
necessary to complete the procedure in the most
efficacious and safe way possible?

6. Has the surgeon made the patient understand that
he/she is concerned for the safety and well being of
the patient?

7. Has the surgeon given the patient and family ample
opportunity to think about the treatment course and
addressed their questions and concerns?

8. Does the surgeon feel confident that his training and
experience will allow successful execution of the
procedure?
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9. Does the surgeon understand how to prevent,
recognize, and treat the unique complications asso-
ciated with laparoscopic surgery?

10. Has the surgeon been vigilant in

� ensuring proper positioning and padding of the
patient?

� searching meticulously for abdominal entry inju-
ries before beginning the operation?

� minimizing the use of monopolar electrocautery?
� assessing for satisfactory hemostasis prior to

exiting the abdomen?

11. Is the surgeon satisfied that the patient is continu-
ally progressing in the postoperative period?
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Figure 8.1 (A) Pleurotomy sustained during laparoscopic donor
nephrectomy is closed with interrupted vicryl sutures. Air is evacu-
ated from the pleural cavity prior to securing final stitches using
the laparoscopic suction device through the pleurotomy. (B) Final
stitches are secured, closing the pleurotomy.



Figure 11.1 CT imaging of an internal hernia after left laparo-
scopic radical nephrectomy. Dilated small bowel (yellow arrow) is
seen posterior to the descending colon (red arrow).

Figure 11.2 Intraoperative photo demonstrating small bowel (red
arrow) reduced from the defect in the descending colon mesentery
(green arrow). Small bowel resection was not necessary.
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