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I
Foreword

The era of endo-oncology has arrived. Endo-oncology is now firmly en-
trenched in the diagnosis and management of urologic cancers. From its early
days with transurethral resection of bladder tumors, to the more recent de-
cades with establishment of techniques for percutaneous resection of transi-
tional cell carcinoma, endo-oncology is the endoscopic treatment of cancer.
More recently, the application of laparoscopy to the treatment of urologic can-
cers has continued the tradition. Laparoscopy has expanded and evolved from
a diagnostic modality with laparoscopic pelvic lymphadenectomy for prostate
cancer to include radical therapy for surgical management of every abdominal
organ in the genitourinary system.

This textbook is important for many reasons. The integration of oncologic
therapeutic intervention with a minimally invasive modality must bear the
scrutiny of direct comparison with open surgery in terms of actuarial survival
statistics and functional results. Laparoscopic radical nephrectomy for renal
cell carcinoma has withstood the test of time in terms of disease-free survival,
blood loss, postoperative discomfort, tumor port site implantation, hospital
stay and convalescence. For other procedures, we look to achieve the same
standards.

The advance of laparoscopy into the realm of oncologic surgery has also
challenged individuals who perform open surgery to re-examine their practice
in order to improve their functional results. The challenge to improve the
morbidity of any procedure is to the ultimate benefit of our patients.

Just as there are multiple ways to cook in the kitchen, there are numerous
techniques for laparoscopic radical prostatectomy. From a transperitoneal
approach to an extraperitoneal approach, to subtle changes in addressing the
seminal vesicles and vas deferens, vesical-urethral anastomosis or port place-
ment, the optimal method continues to evolve. Significantly less blood loss
and earlier achievement of urinary continence are proven benefits of this pro-
cedure. With the learning curve, recognition of earlier difficulties have led to
modifications that are reducing margin-positive rates to the standards set by
open radical retropubic prostatectomy. We look forward to reviewing long-
term of PSA follow-up and survival statistics with which vigilant surveillance
will prove the true efficacy of this procedure.
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Endo-oncology, with a natural extension to include laparoscopy, has been
seeded into the roots of surgical practice and training of urologists world-
wide. We look forward to the fruit that will continue to spring forth from the
education and dissemination of this information.

Benjamin R. Lee, MD
Director, Laparoscopy Section, Assistant Professor of Urology,
Long Island Jewish Medical Center

Arthur D. Smith, MD
President, Endourology Society
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Preface

Long adept at sophisticated endourologic techniques that exclusively address
the intraluminal aspects of the urinary tract, urologic surgeons are now em-
bracing laparoscopic techniques which, like open surgery, address the extra-
luminal aspect of the genitourinary system. In tandem, endourology and lapa-
roscopy complete the spectrum of minimally invasive urology.

The horizons of laparoscopic surgery are expanding, such that the over-
whelming majority of abdominal urologic procedures have now been per-
formed laparoscopically. In some of these procedures the laparoscopic alter-
native has been demonstrated to be superior to its open counterpart, in
others comparative analyses are currently ongoing, and in yet others only the
initial forays of minimally invasive surgery have yet been undertaken.

Change must not be embraced just because it is different, or new. The
tried and trusted must not be cast aside until its novel replacement has un-
dergone an honest, duly diligent evaluation. Following this dictum, laparo-
scopy is being gradually incorporated into mainstream urology, with appro-
priate caution and healthy, constructive critique.

Clinical advances of any significance cannot occur in isolation. As regards
laparoscopic urology, minimally invasive surgeons must join forces with their
open surgical colleagues, so as to advance the field together. Free discussion
and close collaboration are necessary to ensure that long-established surgical
principles are adhered to, and outcomes are evaluated critically on an ongoing
basis. Only by fulfilling its promise of being “minimally invasive - maximally
effective”, will laparoscopic urology truly enter the mainstream. It is our be-
lief that laparoscopy is likely to have a far-reaching impact on our field.

This book is an effort towards compiling the current body of knowledge in
laparoscopic urology under one cover. The various authors, respected experts
in the field, have provided concise updates on their respective topics. We are
deeply indebted to them for their thoughtful contributions. We hope that the
information contained in this book will help interested urologists to advance
their laparoscopic knowledge and skill set.

Jean J.M.C.H. de la Rosette, PhD, MD
Inderbir S. Gill, MD, MCh
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Transperitoneal Laparoscopic

Adrenalectomy in Malignancies

Giorgio Guazzoni, Andrea Cestari, Francesco Montorsi,
Patrizio Rigatti
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Introduction

Since its first description by Gagner et al. [1], laparo-
scopic adrenalectomy has gained in popularity within
the urological community, and it is presently consid-
ered to be the gold standard in the treatment of be-
nign adrenal lesions [2, 3].

Though there appears to be worldwide consensus
for the use of laparoscopy in the treatment of benign
functional and nonfunctional adrenal pathologies
(even though the tumor may be large in diameter and
possibly benign, as shown by Henry et al. [4] and
Karazayan et al. [5]), several concerns and controver-
sies have arisen regarding the efficacy and effective-
ness of laparoscopic adrenalectomy in malignancies,
either primary or metastatic.

Following the pioneering report by Elashry et al.
[6] on the feasibility of laparoscopic adrenalectomy in
malignancies (namely two cases of adrenalectomy for
solitary, contralateral adrenal metastasis from renal
cell carcinoma), the number of publications dealing
with the removal of neoplastic or metastatic adrenal
lesions by laparoscopy has increased progressively.
However, data regarding the results of laparoscopic
adrenalectomy in malignancies are still limited mainly
to case reports or small cohort studies, with short fol-
low-ups.

Details regarding the feasibility of laparoscopic rad-
ical adrenalectomy have already been reported, while
both the oncological efficacy and potential risks re-

lated to laparoscopy in treatment of this kind of ma-
lignancy should be properly assessed in the future.

Indications and Contraindications

Although the precise role of laparoscopic adrenale-
ctomy in malignant lesions is still controversial, an
analysis of available literature and our own personal
experience [7] indicate that this procedure appears to
be gradually gaining acceptance.

Laparoscopic adrenalectomy in malignancies can
be performed both in cases of primary adrenal malig-
nant tumors as well as in cases of metastatic lesions.

Conditions for laparoscopic adrenalectomy in case
of a malignancy are considered plausible if the lesion
appears to be organ-confined, with no evidence of lo-
cal invasion and neoplastic involvement of the adrenal
vein [8, 9].

Taking into account the highly malignant charac-
teristics of primary adrenal carcinomas (having a
strong tendency towards local invasion and metastatic
diffusion) and the goal of a laparoscopic surgical pro-
cedure (adequate oncological, surgical margins with
wide excision), it is suggested that lesions greater than
6-7 cm may render the laparoscopic adrenalectomy a
nonradical procedure.

In a metastatic disease, if the lesion appears to be
solitary and organ-confined, the procedure could re-
sult in prolonged, disease-free patient survival [10].
Indications for laparoscopic adrenalectomy in meta-
static lesions include:

B Curative reasons, in solitary adrenal metastasis
B Diagnostic purposes, in suspected adrenal metasta-
sis

Contraindications for transperitoneal laparoscopic
adrenalectomy in malignancies can be divided into:
contraindications to laparoscopy in general such as se-
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vere broncopulmonary or cardiovascular diseases; pre-
vious major surgery on the same upper-abdominal re-
gion of the adrenal lesion; and contraindications re-
lated to pathology such as the evidence of malignant
lesions greater than 6 cm, involvement of the adrenal
vascular pedicle and of the surrounding tissues [11,
12].

Surgical Technique

Patient Preparation. Fully informed about the surgical
technique, its risks and the possibility of conversion to
classical, open surgery, the patient is requested to sign
a written consent form.

The bowel is mechanically prepared in order to de-
compress the intestine, providing a better operative
field. At the time of anesthesia induction, a broad-
spectrum, antibiotic prophylaxis is employed, consist-
ing of a third-generation cephalosporin as well as the
administration of 4,000 units of low-molecular-weight
heparin. Close collaboration with an anesthesiologist
and an endocrinologist is essential - especially in
cases of functional diseases, as is often the case with
primitive lesions [13] - in order to give the patient
proper perioperative substitute therapy, if necessary.

The aim of the surgical procedure is the removal of
the adrenal gland en bloc, with an extensive portion

of the surrounding, fibrofatty tissue. As such, the wide
dissection field remains between the margins of the
kidney laterally, the aorta or inferior vena cava medi-
ally, the lumbar musculature posteriorly, the renal vein
inferiorly and the spleen or liver superiorly. As in
open surgery, the first step is the early ligation of the
main adrenal vein; moreover, laparoscopy permits
proper inspection of the adrenal vein in order to eval-
uate its potential neoplastic involvement prior to pro-
ceeding with adrenal laparoscopic dissection.

Considering the pathology to be treated (malignant
lesions), particular care should be taken not to touch
the adrenal tissue directly, to avoid potential fractures
and a subsequent risk of neoplastic dissemination into
the peritoneal cavity.

Under general anesthesia, a nasogastric tube and
Foley catheter are inserted, and the patient placed in a
60°/90° flank position, with the bed flexed to increase
the space between the costal margin and the iliac crest
and to elevate the surgical area (Fig. 1).

The surgeon and the assistant, who holds the cam-
era, stand facing the patient, while the first assistant
stands in front of the surgeon. In order to facilitate vi-
sion, two monitors are used, thus avoiding head rota-
tion on the part of the first assistant.

A different trocar positioning and a slightly differ-
ent surgical technique are employed on the left and
right sides, according to the different surgical anatomy

Fig. 1. Patient positioning on
the operative table. The bed is
flexed in order to increase the
space between the costal mar-
gin and the iliac crest, thus
widening the surgical area



1.1 Transperitoneal Laparoscopic Adrenalectomy in Malignancies 5

between the two adrenal areas. We normally use five
trocars to obtain an adequate surgical field with opti-
mal retraction of the surrounding organs and to avoid
potential adrenal injuries during the procedure.

We induce the pneumoperitoneum with a Veress
needle. If the patient has undergone previous surgery
on the upper abdominal quadrants, the open tech-
nique (Hasson technique) is preferable to avoid poten-
tial injuries to the intra-abdominal organs. We also
use a 25° laparoscope.

At the end of the procedure, it is mandatory to use
an impermeable, organ-entrapment bag for extraction
of the surgical specimen. Particular care should be
taken to avoid rupturing the bag during abdominal
extraction. A sufficiently wide skin incision could
eliminate this problem.

Right Laparoscopic Adrenalectomy. Trocar position-
ing for right adrenalectomy is shown in Fig. 2. Specif-
ically, the 10-mm optical trocar is inserted 3-4 cm
above the umbilicus on the pararectal line. The opera-
tive trocars are positioned on the pararectal line 2 cm
under the costal arch (5 mm) and on the mammillary
line at the level of the umbilicus (10 mm), respec-
tively. A fourth port, used to elevate and retract the
liver anteromedially, is positioned 2-3 cm below the
xiphoid, and the fifth port is positioned for the assis-
tant on the anterior axillary line, just below the costal
margin (the assistant holds the camera in his left
hand and the liver retractor in his right hand).

The hepatic triangular ligament is sectioned, if nec-
essary, to mobilize the liver better and widen the sur-
gical area. The adrenal mass can then be viewed in
transparency, under the posterior parietal peritoneum.

The first step of the procedure (Fig. 3) is the longi-
tudinal incision of the parietal peritoneum, lateral to
the inferior vena cava. This incision should be ex-
tended caudally until the renal vein is clearly visible at
its junction with the vena cava, and the liver is well
separated cranially from the adrenal region. During
this dissection, the main right adrenal vein is found,
identified and isolated. Prior to ligation, the vein is
explored to assess possible neoplastic thrombosis. The
short adrenal vein should be isolated in the minimum
amount of space needed to position two clips on the
proximal edge and one clip on the distal edge. Once
clipped, the vein is divided with endoscopic scissors.
The use of linear scissors is recommended for this
surgical step since the clips are often close to each
other due to the short length of the vascular stump.

Fig. 2. Port placement for right laparoscopic adrenalectomy
(see text for details)

Fig. 3. The posterior peritoneum is incised laterally to the
vena cava from the renal vein towards the liver with identi-
fication of the main right adrenal vein. The short adrenal
vein should be dissected free as much as possible so that
at least three clips can be positioned



6 G. Guazzoni et al.:

Fig. 4. The adrenal gland is dissected free with wide surgi-
cal margins and without direct grasping of the adrenal tis-
sue to avoid tumor fracture during the procedure

Once the adrenal vein has been divided, space be-
tween the lateral aspect of the vena cava and the peri-
adrenal fat is created in order to reach the psoas mus-
cle (Fig. 4). During this step, it is essential to develop
the plane as closely as possible to the vena cava in or-
der to obtain resection margins that are sufficiently
wide. An avascular plane between the adrenal gland
and the psoas muscle is easily created, and the gland,

Fig. 5. The surgical field as it appears following right la-
paroscopic radical adrenalectomy. The vena cava, liver, lum-
bar muscles and upper pole of the kidney are clearly evi-
dent, as are the wide surgical margins achieved following
removal of all the fibrofatty tissue in the adrenal region

1.1 Transperitoneal Laparoscopic Adrenalectomy in Malignancies

surrounded by its fibrofatty tissue, is elevated to ex-
pose its plane of cleavage between the kidney’s upper
pole and the liver. The adrenalectomy is then com-
pleted, with wide resection margins; the small arterial
branches and secondary veins can either be clipped or
controlled with bipolar forceps. It is important to re-
move all the fibrofatty tissue surrounding the adrenal
gland and the kidney’s upper pole (Fig. 5).

Once the adrenalectomy is completed, the specimen
is immediately placed in the requisite impermeable or-
gan-entrapment bag; the pneumoperitoneum is re-
duced to 6-8 mmHg in order to control hemostasis,
and a drain is left in place, if needed, for 24 h. After
port and specimen extractions, the parietal incisions
are closed in the standard fashion.

Left Adrenalectomy. Port positioning in left adrenal-
ectomy is shown in Fig. 6. Optical and operative tro-
cars are positioned in the same way as described for
right adrenalectomy, while two additional 5-mm ports
are positioned for the assistant, if necessary, along the
costal margin on anterior and midaxillary lines, re-
spectively. The more anterior port is used to retract
medially the left colonic flexure and the spleen or
pancreas tail, if necessary.

The first step in the procedure is the incision of the
line of Told, from the splenic flexure to the sigmoid
junction, to mobilize medially the left colon and ex-
pose Gerota’s fascia (Fig. 7). The splenocolic ligament
is dissected, if necessary. In case of large lesions, the
peritoneal incision at the level of the splenic flexure is

Fig. 6. Port placement for left laparoscopic adrenalectomy
(see text for details)
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Fig. 7. To expose the left adrenal region, it is necessary to
incise the line of Told, from the colonic flexure to the sig-
moid junction, in order to mobilize medially the descending
colon and to expose Gerota’s fascia

extended cranially in order to release the spleen,
which shifts medially, resulting in better exposure of
the surgical area. Once Gerotas fascia is adequately
exposed, it is incised longitudinally from its cranial
aspect toward the renal hilum (Fig. 8) to identify and
isolate the upper aspect of the renal vein. The main
left adrenal vein is then identified at its junction with
the left renal vein. The left adrenal vein is generally
longer than the right adrenal vein, and its isolation
permits easy positioning of the clips (Fig. 9). The vein
is then transected and the stump followed as a guide-
wire to identify clearly the adrenal gland within the
perirenal fibrofatty tissue, particularly abundant on
the left side. Following the transected adrenal vein in-
feriorly, the avascular space between the adrenal gland
and the psoas muscle is created. The dissection is
then continued along the adrenal gland’s medial side,
along the wall of the aorta, and care is taken to obtain
wide resection margins. A secondary vascular pedicle
is often encountered during this step and must be
clipped and divided. The adrenalectomy is then com-
pleted, dissecting the gland for adequate oncological
margins from the upper pole of the kidney and from
attachments to the diaphragm (Fig. 10).

Fig. 8. Once clearly exposed, Gerota’s fascia should be in-
cised from the upper pole of the kidney to the left renal hi-
lum to identify the superior aspect of the left renal vein
and the junction with the left adrenal vein

Fig. 9. The adrenal vein is isolated and clipped. Once di-
vided, the stump of the adrenal vein is used as a guidewire
to develop adequately the posterior plane between the
adrenal gland and lumbar muscles
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Fig. 10. The surgical field as it appears following left laparo-
scopic radical adrenalectomy: the left renal vein with a clip
at the junction with the adrenal vein can be seen; a
clipped, secondary vascular pedicle on the medial aspect of
the plane of surgical dissection and wide surgical margins
are also clearly visible

Results and Discussion

Achieving adequately wide surgical margins with en
bloc excision of the periadrenal fat is the final key ob-
jective in laparoscopic radical adrenalectomy for can-
cer, including both primitive and metastatic lesions.

After the initial experience in radical laparoscopic
adrenalectomy reported by Elashry [6], the feasibility
of this surgical procedure has been widely demon-
strated by several authors [8, 9, 11].

From an analysis of the available literature [6, 8, 9,
11], it is clearly apparent that the surgical technique is
nearly the same as that used for benign lesions, the only
differences being wide resection margins and the pre-
vention of direct specimen contact during dissection.

As far as perioperative patient outcomes are con-
cerned, laparoscopic adrenalectomy offers all the typical
advantages of minimally invasive surgery when com-
pared to classical open surgery in case of malignancies.

Operating time is slightly longer and conversion
rates slightly higher when compared to those reported
in benign lesion cases. This could be related to diffi-
culties in the dissection of the periadrenal tissue; the
possible presence of adherence with the surrounding
organs; the presence of multiple, aberrant vascular
pedicles; and, at times, lesion size. The above-men-
tioned conditions may lead to the conversion into an
open procedure for oncological reasons. Similar to
adrenalectomy in benign diseases, the postoperative
stay is short, with a rapid return to normal health.

When considering the pathologies treated (primary
vs secondary), it appears that metastatic lesions are
more frequently encountered than primary adrenal
carcinomas (AC).

The frequency of AC is low, and the diagnosis is of-
ten made at a late stage in the disease; the adrenal mass
frequently shows extracapsular invasion, an absolute
contraindication to laparoscopic surgery. Luton et al.
[13] reported that 79% of ACs are hyperfunctioning le-
sions and, according to Belldegrun et al. [14], these are
usually larger than 6 cm in size at diagnosis: in review-
ing 114 ACs, 105 had a diameter of over 6 cm.

With increased lesion size, the possibility of having
an extracapsular disease with the involvement of the
adrenal vein and/or surrounding organs is substantial;
in such cases of locally advanced, aggressive, invasive
AC, open surgery remains the approach of choice. Inva-
sive AC is associated with an 18% risk of local recur-
rence and a 5-year survival rate of 50% or less [15].

Although anecdotal, successful laparoscopic adrenal-
ectomy for AC has been reported even in cases of
neoplastic adrenal vein thrombus in a 7-cm adrenal le-
sion, achieving negative surgical resection margins
[16]. This procedure should obviously be undertaken
only in centers with great experience in laparoscopy
but widens once more the horizons of laparoscopic
adrenal surgery.

Adrenal secondary lesions are encountered in cases
of lung, kidney, colon and breast cancers and melanoma.

Patients followed up for nonadrenal malignancies
usually receive a diagnosis of adrenal secondary le-
sions when the lesions are still limited in size and are
confined intracapsularly. In cases of solitary adrenal
metastases, the complete excision may result in a 5-
year survival in 20%-45% [8]. Moreover, Luketich and
Bart compared adrenalectomy to chemotherapy in
treating solitary adrenal metastases and observed that
survival in the surgical group was significantly longer
[10].
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Table 1. Results of major clinical series in laparoscopic adrenalectomy for malignancies

Author No. of Primary Metastatic Mean lesion Operative time Conversion
cases diameter (cm)  (min) (no. of cases/%)

Elashry et al. 1997 [6] 2 0 2 6 202.5 0/0

Suzuki et al. 1997 [11] 2 1 1 5 Na 0/0

Heniford et al. 1999 [8]° 12 1 11 5.9 181 1/8

Valeri et al. 2001 [23] 6 0 6 4.5 160 0/0

Kebebew et al. 2002 [9] 20 5 15 5.1 166 1/5

Guazzoni® 9 3 6 35 155 2/20

TOTAL 51 10 41 5.0 172.9 4/5.5

@ Eight cases using a transperitoneal approach, four cases using retroperitoneoscopic approach

® Unpublished personal series

From an analysis of Table 1, the mean diameter of
the lesion in malignancy cases was less than 5 cm; the
authors agreed that, in malignancies, the limit for la-
paroscopic adrenalectomy should be 6 cm, while the
limit in benign lesions is related mainly to the surgi-
cal team’s laparoscopic experience [4, 5]. Limitations
of laparoscopic resection in large, malignant lesions
are related to the difficulties in developing a proper
oncological surgical field, with an increased risk of in-
traoperative tumor injuries during surgical dissection.

Some authors [9-11, 17, 18] have reported a wide-
spread dissemination of the disease following laparo-
scopic surgery in AC cases and, less often, for second-
ary lesions [19] at three sites: in the retroperitoneal
space, in the abdominal cavity and at the trocar site.

The literature is, unfortunately, controversial: while
cases of intraperitoneal and port-site recurrence are
reported, the reviews (11 cases) of other authors [8] at
two institutions did not report any local or port-site
recurrence.

Similar reports have also been made in cases of
open surgery, with neoplastic dissemination at the lev-
el of the surgical wound [20]. This reflects how poten-
tially aggressive an AC malignancy may be and how
laparoscopy itself is not related to neoplastic dissemi-
nation [21].

Proper surgical technique is mandatory in order to
perform the procedure according to optimal oncologi-
cal rules. Moreover, most of the authors prefer the
transperitoneal approach in cases of adrenal malig-
nancy; this is probably related to the fact that, for
most surgeons, the small working space provided by
the retroperitoneoscopic approach is unsuitable for
dissecting tumors with diameters of 5 cm or more.

Performing adrenalectomy for malignancy should be
limited to those centers having adequate experience in

laparoscopic surgery and, particularly, in laparoscopic
adrenal surgery, mainly due to the potential difficulties
that can arise during this procedure. It is fundamental
to avoid excessive adrenal manipulation during surgery
to avoid fractures of the parenchyma, with consequent
neoplastic seeding into the surgical field and a subse-
quent risk of local or port-site recurrence of the disease;
it should be remembered that the adrenal capsule is thin
and delicate, although most of the metastases at the
adrenal gland level are organ-confined.

The review series carried out by Henry [22] on 12
cases of primary adrenal carcinoma recurrence treated
by laparoscopy showed that complications occurred
during dissection of five tumors (four fractures of the
lesions and one case of severe bleeding); the authors
mentioned that the tumor was removed without rup-
turing its capsule in only two cases. Recurrences may
have been due to incomplete resection or capsular dis-
ruption of the tumor during dissection. It should be
remembered, however, that these intraoperative com-
plications can also be observed during open surgery.

The possibility of laparoscopic exploration of the
adrenal region for suspected malignancies offers the
modern urologist both an excellent diagnostic as well
as therapeutic tool. Similar to the management of
adrenal incidentalomas, the minimal invasiveness of
the procedure permits more aggressive behavior in
case of suspected adrenal metastases in patients pre-
viously treated for other cancers: instead of a time-
consuming follow-up of the progression of the lesion
(typically resulting in a state of anxiety in the pa-
tient), laparoscopic adrenalectomy provides both the
correct diagnosis of the clinical condition and a valid
therapeutic option.
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Conclusions

Our personal experience combined with a meticulous
review of the literature suggest that although laparo-
scopic radical adrenalectomy is feasible in cases of
adrenal malignancies, it should be performed only if
all oncological rules are respected.

It is mandatory that the surgical team has adequate
laparoscopic experience prior to approaching adrenal
malignancies in order to avoid unnecessary hazards,
namely vascular injuries and tumor fracture. It should
be remembered that open surgery still continues to be
an important value in adrenal malignancy manage-
ment.
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Introduction

Laparoscopy facilitates access to the adrenal more
than any other organ. Since the first laparoscopic
adrenalectomy performed in 1992 by Go et al. [1], the
indications have expanded beyond small functioning
benign tumours to include phaeochromocytomas and
localized malignant lesions. The description of the re-

troperitoneal balloon dilatation technique by Gaur in
1992 [2] revolutionized adrenal surgery, as this
approach in particular provides exceptional access to
the organ. Nevertheless, no consensus has been
reached regarding the laparoscopic management of ma-
lignant adrenal tumours.

Despite the advantages of retroperitoneal laparos-
copy, a wide experience in laparoscopic surgery is re-
quired if excessive morbidity associated with learning
a difficult technique is to be avoided. This chapter
outlines the indications for retroperitoneal laparo-
scopic adrenalectomy, operative technique, complica-
tions and their avoidance.

Patient Selection

Indications

Traditionally retroperitoneal laparoscopic adrenalec-
tomy was reserved for the management of tumours up
to 7 cm in size, including aldosterone-secreting tu-
mours, phaeochromocytoma and Cushing’s syndrome.
Indications have been broadened in a number of cen-
tres to include tumours up to 10 cm diameter or
greater [3, 4], including primary malignant tumours
(adrenocortical carcinoma and malignant phaeochro-
mocytoma) or metastases (usually from lung or renal
primary), provided there is no evidence of local inva-
sion on preoperative imaging [5, 6].

A retroperitoneal, rather than transperitoneal,
approach is of particular benefit in patients with obe-
sity or a history of previous abdominal surgery.

Contraindications

Tumours greater than 10 cm in diameter, local infiltra-
tion of surrounding tissues or caval invasion should
be managed by open surgery.
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Preoperative Preparation

Specific Investigations

The preoperative diagnosis of adrenal malignancy can
be difficult to make. Magnetic resonance imaging
(MRI) is the best investigation, with sensitivity and
specificity of 89% and 99%, respectively, in one Euro-
pean study [7], yielding a positive predictive value of
90.9% and a negative predictive value of 94.2%. Size is
the most reliable indicator, with a diameter of more
than 6 cm observed in 105 out of 114 adrenal cancers
in one series [8]. The border between tumour and
surrounding tissue must be well defined by preopera-
tive imaging, as this will influence the surgical
approach. This is also best appreciated by MRI.

Informed Consent

Patients must be warned of the risk of conversion to
open surgery, particularly those with larger lesions or
when preoperative imaging reveals a hazy border be-
tween tumour and surrounding tissue, possibly indicat-
ing infiltration. The adrenal to be removed should be
confirmed with the patient and the patient marked with
indelible ink. The side should be indicated clearly on the
operating list and patient’s consent form. The risk of lo-
cal recurrence of the tumour should also be discussed.

Preoperative Preparation

In the case of functioning tumours, appropriate endo-
crine support must be administered under the supervi-
sion of an endocrinologist. High-dose corticosteroids
should be administered perioperatively to patients with
Cushing’s syndrome, to cover their impaired stress re-
sponse. Patients with a phaeochromocytoma should
be adequately blocked (beta-blockers, calcium-channel
antagonists and/or alpha-blockers) for at least 2 weeks
prior to surgery and they should be well hydrated im-
mediately preoperatively. Patients with aldosterone-se-
creting tumours are placed on potassium-sparing diure-
tics and given potassium supplements as required.

Technique

Retroperitoneoscopic adrenalectomy is performed
through a lateral or posterior approach, in the lateral
and prone positions, respectively. Here, we describe
the lateral approach.

Description
Anaesthetic Considerations

Laparoscopic adrenalectomy requires general anaes-
thesia with muscle relaxation and endotracheal intu-
bation. Patients with a phaeochromocytoma require
invasive arterial pressure monitoring. Prophylactic
antibiotics are administered.

Patient Positioning

An indwelling urethral catheter is inserted. The pa-
tient is placed in a standard lateral decubitus position
with the umbilicus over the break of the operating ta-
ble. The table is flexed to increase the space between
costal margin and iliac crest. Lumbar and thoracic
supports with padding are placed behind the patient
to secure the position. The arm on the side being op-
erated on is flexed with the shoulder at 90° to the
chest in an armrest, with padding over bony promi-
nences; the contralateral arm is similarly flexed and
protected (Fig. 1). A peripheral warming blanket and
compression stockings are applied.

After the patient’s skin is prepared and draped, the
surgeon and scrub nurse stand facing the patient. The
camera stack is moved to a comfortable position di-
rectly opposite the surgeon and the assistant sits to
the side of the operator.

Retroperitoneal Access

A 2-cm horizontal incision is made immediately below
the tip of the 12th rib. Sharp and blunt dissection is
used to deepen the incision down to the level of the
thoracolumbar fascia. At this point, a finger or artery
forceps is forcefully introduced to pierce the fascia
and a sweeping action used to create space for the
balloon dilator between the psoas muscle and its over-
lying fascia (posterior) and Gerota’s fascia (anterior).

A trocar-mounted balloon device is then inserted
and distended to 600-800 ml, with the balloon centred
on the mid portion of the kidney. The laparoscope is
inserted to ensure the balloon is in an appropriate po-
sition. At this point, the balloon can be deflated and
manually advanced more cranially along the psoas
and deployed again [9]. This creates further space be-
low the diaphragm in the vicinity of the adrenal.
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Fig. 1. Patient position

g

Trocar Placement

After removal of the balloon trocar, a 10-mm primary
port is inserted and fixed with a silk suture. CO,
pneumoperitoneum is established and pressure main-
tained at 12-15 mmHg. Gas leakage is prevented with
a ring-shaped sponge that fits around the trocar. Sec-
ondary ports are inserted under laparoscopic control:
for right-sided tumours, a 5-mm port is inserted pos-
teriorly, below the 12th rib and lateral to the erector
spinae muscles, and a 5- to 12-mm port anteriorly, so
that the three ports form a line corresponding to a
subcostal incision (Fig. 2). In the case of a left-sided
tumour, the ports are reversed so that the 5-12 mm

lliac crest

A
Anterior axillary line — o — — — — — — — — -
O
12thrib
Lateral margin of — = = == _A -~
sacrospinalis - -
/\

O 12 mm (primary) port
/\ 5 mm (accessory) port

Fig. 2. Retroperitoneal laparoscopic adrenalectomy trocar
placement

port is at the surgeon’s right hand (assuming the sur-
geon is right-handed).

Initial Dissection

A 30° laparoscope is introduced. The posterolateral as-
pect of Gerota’s fascia is incised longitudinally along
the upper pole of the kidney. Once the upper pole is de-
fined, the incision is carried transversely to separate the
upper pole of the kidney, within Gerota’s fascia, from
the adrenal gland. Caution with this dissection, to avoid
bleeding from upper-pole vessels, is necessary. The har-
monic scalpel is especially useful for this part of the
procedure, especially in the presence of a large adrenal
tumour. This dissection should result in the kidney and
perinephric fat dropping down away from the adrenal.
The adrenal gland maintains its position by virtue of
its undisturbed peritoneal attachments.

Control of Adrenal Vein

Gerota’s fascia is incised posteriorly from the dia-
phragm to the renal pedicle. Careful blunt dissection,
using the sucker-irrigator tip and right-angled forceps,
defines the upper limit of the renal hilar vessels. The
different venous drainage of the left and right adrenal
glands (the left adrenal vein drains into the renal vein,
while the right drains directly into the inferior vena
cava) demands that they are approached differently.
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For right adrenalectomy, the lateral aspect of the
inferior vena cava is carefully followed above the ori-
gin of the renal vein until the right adrenal vein is
identified. It is normally encountered superomedial to
the gland itself. The vein is dissected clean, clipped
and divided.

On the left side, dissection along the renal vein will
identify the adrenal vein arising from its superior as-
pect. The vein is clipped and divided. Other small
branches between the renal hilar vessels and adrenal
are commonly encountered, and should be dealt with
in the same way.

Adrenal Mobilisation

Following the adrenal vein facilitates identification of
the gland, particularly on the left side. Dissection is
completed medially, with ligation and division of aor-
tic branches using laparoscopic clips. The remainder
of the gland is mobilization with blunt and sharp dis-
section, although caution should be exercised along
the glands’ superior aspect where inferior phrenic
branches are encountered. We have found the endo-
GIA or the harmonic scalpel to improve haemostatic
control during dissection of the gland’s medial and
superior borders. Oncological surgical principles must
be maintained during dissection: never handling the
tumour or adrenal directly and removing tumour and
all surrounding fat en bloc. If oncological safety ap-
pears to be compromised because of poor vision or
inadequate working space, open conversion must be
undertaken.

Specimen Retrieval

The adrenal is grasped with heavy laparoscopic for-
ceps (Babcock forceps are ideal). The specimen is held
away as the adrenal bed is inspected for bleeding. This
inspection should always be performed at low intra-
abdominal pressure, to ensure that venous bleeding is
not masked. The pneumoperitoneum is re-established
and a small laparoscopic catchment bag is inserted
through the 12-mm secondary port and the specimen
carefully placed within it and removed intact.

Wound Closure

A drain should be placed if there is concern about
bleeding from excessive ooze. The 10- or 12-mm port
sites are closed in fascial layers with absorbable suture
on a J needle. The 5-mm port sites do not need mus-

cle closure, nor do those placed on the costal margin.
Skin is closed with clips or subcuticular suture.

Technical Modifications

Blind trocar insertion is employed in exceptional cases
when the ports are too close together to enable reli-
able laparoscopic viewing. This method carries an in-
creased risk of bowel (from anterior ports) or major
vascular injury (posteriorly), which is not present
when all trocars are introduced under vision, but Hsu
et al. have described a relatively safe bimanual tech-
nique which involves directing the new trocar onto an
S-shaped retractor, cradled by the surgeon’s left index
finger, which has been introduced through the pri-
mary port [10].

Balloon dilatation is not practised in all institu-
tions, some preferring to create the working space un-
der visual control [11] or with finger dissection [12].
In one comparison of balloon and finger dissection,
operative time was shorter with finger dissection and
all other surgical parameters, including blood loss,
peritoneotomy, analgesic requirement and convales-
cence, were equivalent [12].

There are two alternative laparoscopic approaches
to the adrenal gland. The transperitoneal laparoscopic
approach to adrenalectomy, for benign and malignant
conditions, is perhaps more widely practised. The
main advantages are greater working space and in-
creased familiarity with the approach. The excellent
chapter by Guazzoni (Transperitoneal Laparoscopic
Adrenalectomy in Malignancies) in this text outlines
this approach in detail.

Posterior retroperitoneal laparoscopy is the pre-
ferred technique for some [13]. Apart from the advan-
tages of all retroperitoneal approaches, avoiding the
peritoneal cavity and therefore reducing the risk of
bowel injury, the posterior approach provides direct
access to the main adrenal blood supply before the
gland is manipulated [14].

Postoperative Care

Patients receive oral analgesia with intramuscular nar-
cotics if required. The catheter is removed on the first
postoperative day. Diet is progressed as tolerated, and
the patients can mobilize without restriction. Many pa-
tients are now managed in 23-h stay wards. Heavy lift-
ing is avoided for 6 weeks to allow muscular healing.
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Technical Tips

Peritoneal Injury

Breach of the peritoneum during access, balloon dila-
tation or dissection causes air to enter the perito-
neum, which then reduces the retroperitoneal working
space. This is easily overcome by inserting a cannula
into the peritoneum to vent intraperitoneal gas.

Trocar Placement

Trocars should be separated as much as possible from
each other and from bony landmarks, especially the
iliac crest, which may otherwise compromise instru-
ment manoeuvrability.

Fourth Trocar

The use of an extra port for retraction purposes is en-
couraged. This decision should be made early at the
first sign that additional retraction of the kidney or
adrenal is likely to be needed. A 5-mm trocar is in-
serted in line with the primary port in the anterior
axillary line.

Obese Patients

Consider using long trocars and a purse string suture
of the sheath to facilitate closure at the end of the pro-
cedure.

Ribbon Gauze

Intracorporeal ribbon gauze strips can be used for
temporary haemostatic control, to absorb any blood
or clot, and to facilitate blunt dissection [15].

Complications

Intraoperative Complications

The major intraoperative complication is bleeding fol-
lowing vascular injury, with the inferior vena cava
(IVC) and accessory renal vessels particularly suscep-
tible, tension pneumothorax due to diaphragmatic/
pleural injury, liver, pancreatic and splenic injury [4,
16, 17]. Carbon dioxide absorption is higher during
retroperitoneal laparoscopy; however, if hypercapnia
occurs it is easily controlled by ventilation [18].

Open conversion rates vary between institutions,
ranging from 0.8%-7.7% [14, 16, 17, 19]; however, this
is affected by the indication for surgery and surgical
experience.

Postoperative Complications

Major complications are unusual following retroperito-
neal laparoscopic adrenalectomy. Complications that
have been described include haematoma, wound infec-
tion and incisional hernia. Subcutaneous emphysema
can also occur but is rarely troublesome.

Tumour dissemination is a potential complication of
the laparoscopic approach. Tumour recurrence, either
locally, in port sites or metastatic, has been described
following laparoscopic adrenalectomy for primary tu-
mour and isolated metastasis [20, 21].
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2.1 Transperitoneal Radical
Nephrectomy

Alwin E. Tan, Adrian D. Joyce

Introduction

Robson in 1963 established the technique and princi-
ples of open radical nephrectomy [1], and today the
technique of radical nephrectomy is still regarded as
the standard treatment for localized renal cell carcino-
ma.

It took another 27 years before Clayman et al. at
Washington University in 1990 undertook the first la-
paroscopic transperitoneal radical nephrectomy. The
patient was an 85-year-old woman and the operation
took 6.8 h and was a success [2]. The first transperito-
neal simple nephrectomy to be performed in Europe
was by Coptcoat et al. [3] 1 year later, in 1991, and
the rest is history.

Over the last 10 years, the combined worldwide ex-
perience has established laparoscopic transperitoneal
simple nephrectomy as a safe procedure, with the
added advantages of decreased analgesia requirements,
improved cosmesis, shorter hospital stay and early re-
turn to premorbid activity. It is therefore not surpris-
ing that laparoscopic nephrectomy for benign disease
has gained acceptance both by the urological commu-
nity and patients as a standard of care. It is natural to
assume that the next challenge would be to apply the
acquired skills to radical nephrectomy for malignancy
and currently, the transperitoneal route remains the
most popular approach.

This chapter aims to explore the current status of
the practice of transperitoneal laparoscopic radical ne-
phrectomy. The discussion will cover the indications
and contraindications for the technique, the preopera-
tive preparation, positioning, surgical technique, po-
tential complications, morbidity, functional impact, ef-
ficiency and oncological effectiveness. The related cost
benefits, controversies and current limitations of the
technique will be assessed together with possible fu-
ture horizons. Where possible, we will compare the
technique to the current traditional standard of care
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of open radical nephrectomy. However, as yet there
are no randomized controlled data available compar-
ing the laparoscopic with the open technique, but a
number of comparative studies have been published,
and the key issues are whether the laparoscopic
approach is surgically equivalent or better compared
to the open technique and whether there is equiva-
lence in oncological outcome with the new technique.

Indications and Contraindications

Indications

The indications continue to expand as the surgeon’s
expertise grows, and we feel that all patients who are
a candidate for an open radical nephrectomy should
be potentially considered for their suitability to a la-
paroscopic approach. There is growing evidence that
suggests that for T1 and T2 tumours, laparoscopic
radical nephrectomy is emerging as a strong alterna-
tive to the open procedure [4, 5]. The upper limit of
T2 in terms of size is very much coloured by the indi-
vidual surgeon’s experience, and laparoscopic removal
of T3a and even T3b tumours have been reported.

In 1999, Walther et al. pushed the ceiling even
further by performing laparoscopic nephrectomy in
patients as a cytoreductive procedure prior to immu-
notherapy. Interestingly, they noted that the recovery
of these patients was significantly better than their
open-surgery counterparts, such that they were able to
initiate their immunotherapy treatment by up to
1 month earlier [6].

Contraindications

Patient selection is important and current relative
contraindications include T3 and T4 tumours together
with bulky nodal disease and caval involvement. Other
relative contraindications rather than absolute factors
include:

B Severe COAD

B Difficult body habitus

B Previous upper abdominal scar or adhesions

B Patient’s choice after full informed consent

The published literature supports the caveat that la-
paroscopic radical nephrectomy is indicated for stages
T1-T3a where the tumour is confined to the kidney
with no radiological evidence of venous or nodal in-
volvement. The upper limit of size is again a reflection

of the surgeons’ experience with the technique and
their ability to perform a radical nephrectomy without
comprising the oncological safety of the procedure.

Preoperative Preparation

Imaging

Diagnostic staging is mandatory prior to embarking
on the procedure involving a contrast computer tomo-
graphy (CT) urogram, where the tumour is identified
as showing contrast enhancement. CT angiography, or
MRA may be used as an adjunct, especially if there is
concern over vascular invasion from the tumour and
it should be noted that aberrant vessels can occur in
as many as 30%-40% of cases. Some institutions have
the luxury of 3D reconstruction imaging facilities
readily available, even in the operating theatre, which
may assist in operative planning, particularly in ne-
phron-sparing procedures (Fig. 1).

Consent

Laparoscopic surgery demands special skills and it is

important to discuss with your patient that there are

specific risks that they must be aware of before con-

senting to this approach:

B Possible risk of access injury due to the inadvertent
puncture of an organ if a Veress needle is used to
create the pneumoperitoneum

Fig. 1. CT showing typical features of renal malignancy in
the (L) kidney



B Possible risk of inadvertent injury to another organ
during the dissection of the kidney (<1%)

B Possible risk of bleeding from the artery and vein

B The potential need to convert to the traditional
open operation if difficulties arise (<10%)

Optimal preoperative medical and anaesthetic assess-

ments should include:

B Basic investigations - full blood count, electrolytes,
liver function tests, blood gas estimations, X-match

B Bowel preparation - not routine in the author’s
approach, although some advocate an enema for a
left-sided tumour

B Instrument check list, with both open and laparo-
scopic set up available

Positioning Patients

Our preferred placement is the flank position - lateral
decubitus - with the affected side up with break at the
level of umbilicus and a degree of posterior rotation,
but the break is only to open up the area beneath the
12th rib and is not the typical renal position (see
Fig. 2). Meticulous padding of the soft tissues and
bony sites is extremely important to avoid possible
neuropraxia due to a lengthy procedure, with particu-
lar support given especially to the downside shoulder,
hip, knee and ankle. This is crucial, particularly at the
start of the surgeon’s experience where the procedure
times tend to be longer.

We also advocate the use of a body warmer to
minimize patient cooling and calf stimulators to re-
duce the potential risk of deep vein thrombosis
(DVT).

Fig. 2. lllustrating the position of the
patient on the table
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Operative Technique

Since its inception in 1990, the technique has con-
stantly evolved with significant advancements. New
technology and instrumentation have also emerged in
the meantime. Therefore, it is not surprising that
there is variation in the technique between centres.
However, the authors consider the following key steps
important in contributing to a successful outcome:

Peritoneal Access

We have long advocated the open technique (Hasson
cannula technique), currently using the Tyco 10-mm
blunt tip trocar (BTT) (see Fig. 3) for our initial port.
This trocar arrangement provides a good occlusive
seal with minimal gas leak and is especially helpful in
obese patients. Alternatively, one may choose the
closed technique utilizing the Veress needle, but we
are concerned that one of the major risks of laparo-
scopy is associated with access. Four per cent of la-
paroscopic complications are related to access injury
involving the Veress needle; therefore it is an easy
complication to avoid with the open technique and
only adds a few minutes to the procedure.

B CO, insufflation is initially delivered at low flow. A
low abdominal pressure confirms that the tip of the
trocar is in the peritoneum. If there is any concern,
then elevation of the anterior abdominal wall with

a subsequent pressure drop confirms a satisfactory
position.

B An overview inspection is necessary to ensure no
inadvertent injury to underlying bowel caused by
peritoneal access, particularly in patients where the
Veress needle technique is utilized, and to look for
alternative pathology.
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Fig. 3A,B. lllustrating the open approach and the position of the blunt-tip trocar

B Port placement. Three other working ports as indi-
cated by the white boxes in the figure above is
standard (occasionally an extra port is required for
liver or spleen retraction).

Colon Mobilization and Retroperitoneal
Incision

On the right side the kidney, the splenic flexure often

lies above the hepatic flexure, whereas on the left side

the it usually has to be mobilized (Fig. 4).

B Line of Toldt - incise and reflect colon medially.

B Identify the “crackly” bloodless plane between the
bowel mesentery and the anterior surface of Gerota
to allow peeling as in the open approach.

Right Radical Nephrectomy

B Incise along posterior hepatic ligament to free the
inferior posterior liver edge from the specimen (the
length of the line depends on whether the adrenal
is to be spared).

B Incise the peritoneum parallel to ascending colon
and above the hepatic flexure medially until the in-
ferior vena cava (IVC) is exposed.

B The duodenum, which is medial to the IVC, must
be identified and dissected free from Gerota and
rotated medially (Kocher manoeuvre) to further ex-
pose the anterior surface of IVC.

Colon Mobilisation

Fig. 4. Colon mobilization

Left Radical Nephrectomy
(Beware of the Spleen!)

B Incise along the line of Toldt parallel to the des-
cending colon to free the lienophrenic ligament
first.

B Peel the left colon away from Gerota by dividing
the splenocolic ligament at the splenic flexure.



Ureter Dissection

Fig. 5. Identification of ureter, gonadal vein and psoas (key
landmark)

B Great respect and time must be taken to mobilize
the spleen from the upper pole of Gerota by divid-
ing the splenorenal peritoneal attachments.

B Delicate care must be exercised when handling the
tail of the pancreas, which can be nestled across
the renal hilum (Fig. 5).

B The fourth port is placed using a grasper for the
ureter to provide lateral traction and elevation (we
prefer not to divide the ureter at this point).

Dissection Continues up the Groove
by Elevating the Ureter and Mobilizing
the Lower Pole of the Kidney

B Mobilization is achieved by a combination of dis-
section with the harmonic scalpel and blunt dissec-
tion using the sucker tip or Endo-dab along the
IVC (on right) and the aorta (on left) (Fig. 6).

B Blunt dissection of Gerota frees the lower pole - to
facilitate the anterior rotation of lower pole - to
bring out the renal artery, which is usually located
posteriorly.

Hilar Dissection and Vascular Control

B Right side: often the gonadal vein needs formal li-
gation (clip and divide), to minimize the risk of
traction avulsion and awkward bleeding. The renal
vein is usually just superior.

B Left side: also identify the gonadal vein, which will
lead to the trifurcation of the renal, adrenal and
gonadal veins. Divide the last two and use the go-
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Lower Pole Mobilisation

Fig. 6. Lower renal pole mobilisation

Hilar Vessels Dissection

Hem-o-lok

Fig. 7. lllustrating dissection and Hem-o-Lok ligation of the
renal artery

nadal vein to facilitate posterior dissection of the
renal vein for any posterior lumbar veins.

B Renal artery: mobilized circumferentially using a
right-angle dissector (see Fig.7) - then ligated
using the Hem-o-Lok device with a minimum of
three on the major vessel side. If there is concern
over access, then a single clip can be applied and
further ligation after division of the renal vein.

B Renal vein: careful dissection right down to the

vessel wall to display the branches, especially the
adrenal vein (left nephrectomy) and beware of any
lumbar veins posteriorly.
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- Renal vein: generally secured with an endo-GIA
stapler via the size 12 port (care must be taken
not to fire across any adjacent clips which can
result in misfiring and profuse bleeding!)

B Be cautious of any aberrant vessels.

Adrenalectomy is indicated in upper pole tumours,

but is not routinely advocated for lower pole lesions:

B Right side: continue superior dissection along vena
cava medial to adrenal, which is short and often
posteromedial to the cava and may need further
Hem-o-Lok ligation. Beware of the adrenal vein.

B Left side: the adrenal vein is usually quite evident
once the renal vein is displayed at the trifurcation.

Upper Pole Detachment

B The authors prefer to utilize a grasper via the fourth
port to retract a peritoneal leaf still attached to the
liver or spleen. Apply medial traction within the
pseudo-triangle made up of the psoas, liver/spleen
and diaphragm. This pseudo-cave facilitates detach-
ment of the upper pole, especially if there is more
than the usual adhesions to the Gerota fascia (Fig. 8).

Adrenal Vessels and Upper Pole Mobilisation

Fig. 8. lllustrating division of any additional adrenal veins

Specimen Entrapment and Extraction

B Various entrapment sacs can be utilized, e.g. Endo-
catch/Endopouch/Bert series of bags made of para-
chute superdurable material. Currently the 15 mm
Endocatch bag (Tyco) is preferred.

B Extraction is done via small muscle splitting with
an extension of the size 12 port preferred.

B Morcellation is not advocated.

Final Check for Haemostasis and Closure
of Port Sites

B Haemostatic check with carbon dioxide flow low-
ered
B Closure and tube drain

Results

The latest published data for transperitoneal laparo-
scopic radical nephrectomy are shown in Table 1.

Complications

As most centres started with laparoscopic simple ne-
phrectomy, it is not surprising that progression to
radical nephrectomy resulted in few complications re-
lating to the laparoscopy learning curve. Thus the op-
erative complication rates are generally low in the la-
paroscopic radical nephrectomy series, with major
complication rates under 10%. However, the reporting
of complications is highly variable and subjective,
with some authors including conversion as a compli-
cation and others not.

Analysis of early experience demonstrates minor
complication rates as high as 34%. However, a follow-
up analysis in 2000 by Gill et al. [7] of a worldwide
aggregate of experience with 266 patients demon-
strates figures of 23% for minor complication rates
and 7% for major complication rates. The overall con-
version rate was 4%. However, there were four re-

Table 1. Published data for transperitoneal radical nephrectomy

Series No. of Operating Blood loss Hospital Complication Complication Conversion
patients  time (hours) (ml) stay minor major rate
Janetschek et al. (2002) [9] 121 2.4 154 6.1 5% 4% 0 patients
Dunn et al. (2000) [8] 60 55 172 34 34.4% 3.3% 1 patient
Ono et al. (1999) [13] 60 52 255 - 3% 8% 2 patients
Barrett et al. (1998) [12] 72 2.9 - 44 3% 5% 6 patients




Table 2. Classification laparoscopic complications

Access related
Intraoperative

Organ or abdominal wall injury
Vascular, bowel, splenic injury or
failed entrapment

E.g. respiratory, gastrointestinal
bleeding

Postoperative

Siqueira et al. [21]

ported deaths: three were from myocardial infarction
and one was unknown.

Shalhav’s group in Indiana reported a series of 61
laparoscopy radical nephrectomies with most of them
approached transperitoneally. Their major complica-
tion rate was 5%, predominately due bleeding. More
significantly, they have proposed a classification table
for laparoscopic complications, as shown in Table 2,
which will require universal acceptance.

Operative Time (Efficiency)

Operative time is definitely a function of experience.
At Washington University where the technique was
first reported, with experience they were able to drop
the operative time from 7 h to 5.5 h [8]. A recent pub-
lication from Janetschek in 2002 reported a mean op-
erative time as low as 2.4 h [9]. Our standard opera-
tive time for an uncomplicated laparoscopic radical
nephrectomy is 2.3 h.

Various suggestions have been made with regard to
reducing operative time utilizing alternative tech-
niques for dissection such as the harmonic scalpel,
the system for bipolar dissection in the nondominant
hand, aquajet dissection, the CO, insufflation heating
device and projecting the image [9-11]; however, the
most significant factor is the team approach so that
instruments are ready and available with minimal de-
lay between instrument change, leading to a smooth
uninterrupted sequence of steps.

Morbidity

Universally, there has been a clear advantage in com-
parative studies of nephrectomy for similar tumour
sizes in patients in favour of the laparoscopic
approach.

Studies undertaken at Washington University dem-
onstrate a clear advantage [10] with the laparoscopic
approach. This approach requires 67% less analgesia,
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a 29% reduction in the time spent in hospital, has
10% fewer complications and has 73% less convales-
cence time. Patients also lose less blood and thus have
a lower transfusion rate. Hospital stays ranged from 3
to 7 days in the large reported series [4, 8, 9, 12, 13];
however, the length of stay can be a reflection of local
healthcare issues.

Biochemically, there is evidence to suggest a re-
duced stress response in the laparoscopic cohort of
patients. Miyake et al. retrospectively compared hu-
moral stress mediators released 48 h preoperatively to
96 h in the postoperative period between laparoscopic
and open urological surgery. Their cases included rad-
ical nephrectomy, nephroureterectomy, prostatectomy
and cystectomy. They focused on levels of interleukin-
6 (an early mediator of tissue damage), granulocytic
elastase (a serine protease released by granulocytes in
response to necrosis) and interleukin-10 (a marker of
tissue damage severity). The maximum levels of all
three mediators were significantly higher in the open
surgery group [14].

It has also been suggested that there is less immu-
nosuppression in studies from laparoscopic cholecys-
tectomy patients [15].

Oncological Control

Immediate Adequacy

Laparoscopic transperitoneal radical nephrectomy pro-
vides an equivalent specimen to the open procedure. It
adheres to the principle of open surgery in providing
an en bloc excised kidney, adrenal, perirenal fat, hilar
nodes and the Gerota fascia [4]. In comparing speci-
men weight, it is important to remember that morcel-
lation can account for a specimen weight reduction of
21% [8].

Seeding Risk (Peritoneum or Port)

Despite earlier fears, so far there is no recorded case
of intraperitoneal seeding. However, there is one local
recurrence in a multinational study at the 5-year mark
reported by Portis et al. in 2002, as well as a case of
local recurrence in the comparative open group [4].

As far as port site seeding is concerned, there has
been one case reported to date [16]. It involved a 76-
year-old man, and the tumour recurrence was de-
tected after 25 months of follow-up at the nonmorcel-
lated site. The original operation was for an 862-g
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specimen with T3NoMo tumour, and the histology re-
vealed a renal cell carcinoma with sarcomatous ele-
ments.

Metastasis and Survival

The question of equivalence with open surgery at 5-year
survival was addressed by a landmark paper by Portis et
al. in 2002. It was a retrospective international multicen-
tre study involving three centres in Nagoya, Japan, Sas-
katoon, Canada and St. Louis, Missouri [4]. It reported
on all patients who had undergone radical nephrectomy
before November 1996. In total, there were 64 laparo-
scopic vs 69 open radical nephrectomies. Most of the la-
paroscopic cases (52/64) were performed transperitone-
ally. Forty-three of the 64 specimens included the adre-
nal en bloc; 39 tumours out of 64 were removed intact.
However, the average tumour size was smaller in the la-
paroscopic group (4.3 vs 6.2 cm). Table 3 illustrates
their results [4].

Thus, the intermediate data at the 5-year mark indi-
cates that laparoscopic transperitoneal radical nephrec-
tomy appears to be every bit as effective as the open
procedure. There is no significant difference in terms
of overall survival, cancer-specific survival and when
analysed with the new TMN classification in terms of
T1 and T2, as demonstrated in Table 3 above.

There was one recurrence in each group. In the la-
paroscopic group it was for a 9-cm lesion detected at

Table 3. Laparoscopic versus open radical nephrectomy

Mass size (cm) Laparoscopic  Open P value
Mean follow-up (years)

All 4.49 5.77 0.000
Less than 7 cm 4.65 5.89 0.002
7 cm or greater 3.82 5.69 0.017
Overall survival

All 81% 89% 0.260
Less than 7 cm 82% 92% 0.272
7 cm or greater 89% 86% 0.883
Recurrence-free survival

All 92% 91% 0.583
Less than 7 cm 92% 95% 0.951
7 cm or greater 87% 83% 0.804
Cancer-specific survival

All 98% 92% 0.124
Less than 7 cm 97% 95% 0.303
7 cm or greater 100% 87% 0.383

Portis et al. [4]

1 year follow-up, while the open group involved a pa-
tient with a 15-cm lesion detected at 8.2 years of fol-
low-up.

The comparable actuarial disease-free rate and can-
cer survival appears to reiterate the results of earlier
series with shorter follow-up by Ono [5] and Cadeddu
[17].

Cost Benefits

“Although one cannot avoid the issue of cost, it is im-
portant that we do not forget that our foremost duty
to our patients is to do no harm.”

Cost-benefit analysis very much reflects local health
care provision and has been an important factor in
the overall analysis in the United States. For example,
an analysis in a US health provider setting at Wash-
ington University showed that laparoscopic nephrec-
tomy is only cost-effective if the surgeon can reduce
the operating time below 3.5 h [10].

Further analysis by The Cleveland Clinic showed
that despite a 5-day reduction in hospital stay, laparo-
scopic radical nephrectomy was still 29% more expen-
sive than the open procedure [2].

The same institution also pointed out in an earlier
study that costs do come down with time, especially
with reduction in operating times. They priced la-
paroscopic nephrectomy initially as 33% more expen-
sive but with experience the laparoscopic procedure
can be 12% cheaper than open nephrectomy, as the
most expensive factor seems to be the operating the-
atre cost in terms of time and disposables.

However, taking the bigger picture into considera-
tion, one needs to remember the reduction in commu-
nity cost made possible by the reduction of the conva-
lescence period of up to 4-6 weeks in the laparoscopic
group [8]. Another factor that is often ignored is the
cost to primary health care of managing the patient in
the community as a consequence of problems related
to the incision in the open group.

Controversies

Morcellation

Although the issue of tumour spillage has been pla-
gued with much concern, there is only one reported
case of port-site recurrence [16]. Even so, care must



be taken to drape the field and isolate the port prior
to morcellation. There are now entrapment bags avail-
able that are impermeable and disruption-resistant, as
demonstrated by Urban et al. [18].

Supporters of morcellation claim that with a smal-
ler incision, there is less morbidity. This was certainly
not supported by Gettman et al. 2002 [19]. In a pro-
spective trial of laparoscopic radical nephrectomy, sev-
en specimens were fragmented and extracted via the
umbilical port incision (average, 1.2 cm) while five
other specimens were removed intact via an incision
averaging 7.6 cm in diameter. There was no significant
difference in intraoperative parameters, postoperative
pain or time to resumption of normal activity.

Furthermore, in a retrospective case controlled co-
hort study, Savage and Gill [20] found no significant
difference with regard to opiate analgesia require-
ments, hospital stay, recovery or convalescence be-
tween muscle cutting and muscle splitting incisions
relating to extraction.

If that is the case, then one should consider the im-
plication of the sacrifice of exact pathology where the
specimen is morcellated in the name of cosmesis.

Tumours 4 cm or Less - Laparoscopic
Radical vs Open Partial Nephrectomy

The difficult issue that has plagued open surgery of a
radical vs partial nephrectomy for a small tumour in
the presence of a normal functioning contralateral
kidney is certainly a challenging one to address and is
the subject of ongoing discussion and prospective
trials.

Transperitoneal vs Retroperitoneal
Approach

Currently there is no randomized prospective trial
comparing the two procedures even though the opera-
tive time seems to favour the retroperitoneal approach
[7].

The obvious advantages for the transperitoneal
approach include familiarization of anatomical land-
marks and greater freedom for mobilization and or-
gan entrapment. Disadvantages must include bowel
handling, which can lead to prolonged ileus, and also
the extra time taken for dissection.

The general consensus is that one should perform
the operation that has the best outcome in the hands
of the individual surgeon. However, techniques may
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need to be varied to suit the individual patient differ-
ences; for example, evidence of previous abdominal
surgery may favour an extraperitoneal approach.

Future Horizons

After more than a decade since laparoscopic radical
nephrectomy was introduced, one can say with confi-
dence that the evidence supports the contention that
this is a reasonable alternative to open radical ne-
phrectomy for T1 and T2 disease. Patients can expect
less morbidity in terms of a shorter hospital stay, less
pain, less blood loss, lower complication rates and an
earlier return to premorbid activities and life style,
without compromising the oncological outcome. With
regard to long-term cancer control, the analysis at the
5-year mark shows promise. Only time will determine
the ultimate role of laparoscopic radical nephrectomy
as the standard of care in the new millennium.
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Introduction

Radical nephrectomy is the gold standard treatment of
kidney cancer. Its principles were described by Rob-
son [1] in 1963: primary ligature of the renal artery
and vein, removal of the kidney together with its en-
velopes, including Gerota’s fascia, the adrenal gland,
and regional lymphadenectomy. These principles are
still considered valid; however, during the last decade
the operative approach has been modernized. Since
the first laparoscopic radical nephrectomy reported by
Clayman [2] in 1991, this minimally invasive technol-
ogy has gained much popularity. Three variants are
currently used worldwide: the transperitoneal laparo-
scopic, the extraperitoneal laparoscopic and the hand-
assisted approach for radical nephrectomy.

All these techniques have their specific advantages
and drawbacks. The transperitoneal laparoscopic
approach is preferred by many surgeons because it of-
fers a large working space. Hand-assisted laparoscopic
renal surgery is a hybrid procedure, during which the
surgeon places his nondominant hand into the ab-

dominal cavity. This helps to overcome some inherent
obstacles associated with conventional laparoscopy,
such as loss of tactile feedback and special orientation,
thereby reducing the learning curve. In our depart-
ment, we decided to develop the extraperitoneal lap-
aroscopic approach, because the access to the renal
pedicle is quicker, safer and easier. Postoperative mor-
bidity is diminished because of the absence of intra-
peritoneal complications: patients have less pain and
there is no ileus.

Preoperative Preparation

The patient must fast starting at midnight on the
night before surgery. Blood type and cross-match are
determined. When inducing anesthesia, prophylactic
antibiotic therapy with a second-generation cephalo-
sporin is administered. Prophylactic treatment with
low-molecular-weight heparin is begun on the day of
surgery.

Instruments

B Video unit
Preferably two monitors
Insufflation system
Suction device
- Monopolar and bipolar cautery energy source
B Trocars
- 12-mm blunt port trocar
- Two 12-mm trocars
- Two 5-mm trocars
B Laparoscope
- Zero degree lens
B Primary surgeon
- Rotating tip coagulating scissors
- Bipolar coagulator
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- Suction-irrigation

- Clip applier, medium large (9-mm) metallic clips
- Linear stapler (Endo-GIA)

- Entrapment sac (Endocatch)

- Needle holder (required only exceptionally)
Assistant

- Two 5-mm fenestrated graspers

addition, standard open surgical instruments should
immediately available in case of an emergency con-

version.

Operative Technique

A nasogastric tube and a Foley catheter are in-
serted prior to surgery.

The patient is positioned in lateral decubitus, with
the lumbar support raised to its maximum height
(Fig. 1). The legs are flexed slightly forward and
paced on the anterior leg rest. The posterior leg
rest is removed to leave room for the assistant who
holds the laparoscope and camera (Fig. 2). The pri-
mary surgeon stands behind the patient, his assis-
tant and the scrub nurse in front of him. A second
assistant or the scrub nurse holds the camera. The
optimum is to have two video screens (Fig. 3).

A mini-lumbotomy (2-cm incision) is done in the
posterior axillary line 1-2 cm below the 12th rib
(Fig. 4a). The abdominal wall and the transversalis
fascia are incised. The posterior pararenal space is

Fig. 1. Patients positioned in lateral decubitus

Scrub nurse

Fig. 2. Patient positioned with flexed legs

dissected with the finger, the peritoneal reflection
is pushed forward (Fig. 5). Two 5-mm trocars are
inserted with digital guidance in the anterior axil-
lary line, one in the upper part and one in the low-
er part of the abdomen (Fig. 4d,e). A 12-mm tro-
car is placed 2 cm above the iliac crest, in the mid
axillary line (Fig. 4c). A 12-mm trocar is placed in
the posterior axillary line above the iliac crest
(Fig. 4b). The blunt port trocar with a foam grip is
placed and anchored with sutures to the initial
mini-lumbotomy.

After insufflation and insertion of the laparoscope,
identification of the psoas muscle, and dissection

Assistant

Camera

Surgeon

Fig. 3. Distribution surgical team and instruments



Fig. 4. Position of patient and access for arocards

of the posterior pararenal space. The surgeon uses
trocars A and B, dissects with rotating-tip coagulat-
ing scissors and holds the suction irrigation in the
other hand. Suction irrigation maintains a perma-
nently clean operative field, by removing blood and
smoke. In addition, together with the scissors, it al-
lows dissecting tissues by divulsion. The camera is
inserted through trocar C, and the assistant helps

fomamenan Transversalis fascia
e-------- Gerota's fascia

- Posterior
para-renal space

[ Peri-renal space

Fig. 5. Creation retroperitoneal space
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Kidney

Ureter.,

Gonadic vein-"

3 * Adrenal vein
Renal vein *

; * Renal artery
Reno-azygo-lumbar vein *

Fig. 6. Left sided access

retract the kidney and put the renal pedicle under
tension with two forceps.

B The Gerota fascia is incised giving access to the
perirenal space.

B On the left side, the ureter and/or the genital vein
is identified (Fig. 6).

B On the right side, the inferior vena cava, the genital
vein and the ureter are exposed (Fig. 7).

B Dissection continues upward along these structures
leading to the renal pedicle.

B The renal vein and the renal artery are dissected.
On the left side, the renoazygos-lumbar vein and

Adrenal vein/ * Gonadic vein

Renal artery* Renal vein

“Inferior vena cava

Fig. 7. Right sided access
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Fig. 8. Dissection of right renal artery

the genital vein, which drain directly into the renal
vein, are also dissected.

The renal artery is secured with 9-mm metallic
clips (three clips proximally and two clips distally).
Alternatively, Hem-o-Lok clips can also be used.
The renal artery is sectioned (Fig. 8). On the left
side, this brings out the adrenal vein, which is
anterior to the renal artery.

The dissection of the renal vein is completed. This
allows safe placement of the linear stapler on the
vein. The renal vein is section-ligatured (Fig. 9).
The mobilization of the kidney surrounded by peri-
renal fat and Gerota’s fascia begins at its posterior
surface and is extended cephalad (Fig. 10). At this
point, the anterior and lateral attachments are left
intact. They keep the kidney suspended and along
with the retraction effect of the pneumoretroperito-
neum, facilitate the posterior cleavage. The surgeon
reaches the diaphragm and can free the superior
pole entirely.

The operative specimen should not include the
adrenal gland in case of a small tumor situated at
the lower pole of the kidney. In such circumstances,
the adrenal vein is not sectioned. The adrenal is
dissected by cleaving the plane between the renal
capsule and the surrounding fatty tissue at the
anterior face of the kidney at its upper pole. If an

----- Left kidney

Left renal vein - ‘--- Renal artery

adrenalectomy is necessary, the adrenal vein is first
clipped and sectioned, and the adrenal gland is in-
cluded to the operative specimen.

B The dissection continues at the anterior aspect of
the kidney, in the anterior pararenal space, i.e., be-
tween the peritoneum and Gerota’s fascia (Fig. 11).

B The lower pole of the kidney is freed.

B The ureter is clip-ligated and sectioned.

B The specimen is placed into an Endocatch in order
to avoid direct parietal contact with the tumor.

B The operative specimen is removed through an iliac
incision (Fig. 12). The site of the extraction is
closed in two layers. A suction drain is left for
24 h. Trocar sites are closed with intracutaneous
absorbable running sutures.

Surgical Tricks

B Access creation: When doing the mini-lumbotomy,
the surgeon has to be sure that the posterior para-
renal space has been entered. This cleavage plan is
easily identified by the possibility of palpating the
posterior surface of the 12th rib.

B Dissection of the renal pedicles: to identify the zone
where the dissection of the renal pedicle should be
begun, simply place the instrument in trocar A per-
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Endo-GIA ----;
Left kidney Reno-azygo-lumbar vein - - 3

Gonadicvein -~ Renal vein
Fig. 9. Dissection of right renal vein

Left kidney --- Adrenal gland ---- Diaphragme

Fig. 10. Mobilization of kidney from perirenal tissue
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Fig. 11. Dissection between peritoneum and Gerota’s fascia

pendicular to the abdominal wall (Fig. 4). The tip of
the instrument points toward the zone where the re-
nal pedicle should be expected. On the right side,
simply follow the inferior vena cava cephalad. Be
careful with the right gonadic vein; it can easily tear
off the inferior vena cava.

Ligature of the renal artery: the more proximal clip
on the renal artery has to be placed at a safe dis-
tance from the aorta (at least 5-10 mm). This is be-

Fig. 12. lliac incision for specimen removal

cause if the clip accidentally cuts or injures a calci-
fied artery, one should be able to clamp more
proximally, near the aorta.

B Ligature of the renal vein: the endo-GIA has to be
placed sufficiently near the kidney, to allow putting
a forceps on the distal portion of the vein in case
the endo-GIA malfunctions.

B Dissection of the upper pole: optimal triangulation
of instruments can be obtained if the surgeon uses
trocars A and E (Fig. 4) during this step.

B Dissection of the anterior pararenal space: this is
an avascular plane, usually; no hemostasis is re-
quired. However, if bleeding occurs, do not use
monopolar electrocautery.

B Specimen entrapment: Be sure to open the endobag
respecting the inscription “this side up.” Otherwise
it is impossible to open the sac correctly.

Troubleshooting

B Injury to the vena cava results in limited bleeding
because of the absence of a pressure gradient be-
tween the blood in the venous system and the
pneumoretroperitoneum. A surgeon performing
laparoscopic nephrectomy should be sufficiently
skilled and trained in reconstructive laparoscopic
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surgery. In this case, suturing the injury is not a
major challenge.

B Injury of the peritoneum sometimes occurs acci-
dentally but interferes only mildly with the rest of
the surgery.

Postoperative Care

The day after surgery, the Foley catheter and suction
drain are usually removed. The patient returns to a
full diet. The patient leaves the hospital the 3rd or 4th
postoperative day.

Indications

Renal Cell Cancer. Classically, the main indication is
represented by tumors less than 7 cm in diameter (T1
tumors). With larger tumors, laparoscopy somewhat
losses its advantages because of the large parietal
opening required to extract the specimen.

Contraindications

Local spread to the perirenal fat or to the renal vein
are considered as the main relative contraindications.

Past history of retroperitoneal lumbar surgery is a
relative contraindication, as it makes the dissection
difficult. In this case, traditional open surgery may be
considered.

Surgical Outcomes, Morbidity Issues

The proponents of the retroperitoneal approach point
out certain advantages such as the direct access to re-
troperitoneal organs without the need to mobilize the
colon or the spleen; no difficulty created by previous
abdominal surgery; early access to the renal artery;
and postoperative fluid collections/infections limited
to the retroperitoneum outside the abdominal cavity.
These advantages make this approach valuable despite
the relatively small space available for operating.
Moreover, some of the severe complications reported
by the transperitoneal series (duodenal and splenic in-
juries) have not been reported in the retroperitoneal
approach. The retrospective analysis published by
McDougall et al. [3] suggested that the retroperitoneal
approach is associated with decreased operative time,

hospital stay, complication rate, blood loss and narcot-
ic requirements when compared to transperitoneal
laparoscopy.

In one of our earlier studies, we analyzed the retro-
peritoneal approach to laparoscopic radical nephrec-
tomy with regard to feasibility, safety, morbidity and
cancer control [4]. We compared the results and out-
comes in patients who underwent retroperitoneal lap-
aroscopic or open radical nephrectomy from 1995 to
1998. The records of 58 consecutive patients with re-
nal cancer who underwent radical nephrectomy dur-
ing this period were reviewed. Twenty-nine patients
underwent open radical nephrectomy (group 1) and
29 underwent retroperitoneal laparoscopic radical ne-
phrectomy (group 2). The two groups were similar
with regards to age, gender and side of the tumor. Op-
erative time was slightly shorter in group 1 (mean
121.4 vs 145 min in group 2, p=0.047). Mean tumor
size was larger in group 1 than in group 2 (5.71 vs
4.02 cm, respectively). Laparoscopy patients had sig-
nificantly less operative blood loss (mean, 100.0 vs
284.5 ml) and used significantly less parenteral pain
medication (p<0.05). The postoperative hospital stay
was significantly longer in the open surgery group
(9.7 vs 4.8 days). The complication rate was higher in
the open group (24% vs 8%). At follow-up, one patient
in open nephrectomy group died of renal cancer
(pT2G2) after 14 months. In the laparoscopy group,
one patient with a pT3G2 tumor presented with a lo-
cal recurrence and hepatic metastasis, which occurred
after 9 months. We concluded that retroperitoneal lap-
aroscopic radical nephrectomy is superior to open ne-
phrectomy in terms of blood loss, narcotic require-
ments, hospital stay and overall complication rate. We
consider laparoscopic nephrectomy as a viable and
safe alternative for T1-T2 tumors.

Similar results were reported by Gill [5]. In his se-
ries, he compared outcomes of 34 open radical ne-
phrectomies to 34 retroperitoneal laparoscopic radical
nephrectomies. With laparoscopic approach, blood
loss was significantly diminished (97.4 ml vs 370 ml,
p<0.001). The hospital stay was shorter (1.4 days vs
5.8 days, p<0.001) and the narcotic analgesia require-
ment was less (13.5 mg vs 295.1 mg, p<0.001). Pa-
tients returned to normal activities sooner (4.1 weeks
vs 10 weeks).
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Controversies and Evolution
of Indications

In all the above series, the indication of laparoscopic
radical nephrectomy is limited to potentially curable
stage T1-T2 kidney tumors.

However, recent studies suggest that exophytic well-
marginated renal masses of less than 4 cm should be
considered as candidates for nephron-sparing surgery.
Some concern has been voiced regarding laparoscopic
techniques because their minimal invasiveness has led
to a risk that urologists will prefer laparoscopic radi-
cal nephrectomy to open partial nephrectomy [6]. The
existence of a technique enabling removal of the entire
kidney because it is a less invasive approach should
not change the strategy of surgical treatment of small
kidney tumors.

Arguments also exist in favor of extending the indi-
cations to more advanced stages. Patients who under-
go excision of their primary tumor prior to systemic
immunotherapy may have better response rates than
those receiving their treatment without previous ne-
phrectomy. Nephrectomy may prevent from hemor-
rhage, diminish pain and allow harvesting immunore-
active cells for certain treatment protocols. In addi-
tion, debulking of the tumor reduces the volume of
residual cancer cells, which may be easier to control
with adoptive immunotherapy. However, if open sur-
gery is performed, the immunotherapy can be in-
itiated only after full convalescence, which usually re-
quires 2 months. This delay may be significantly re-
duced if laparoscopic radical nephrectomy is per-
formed. In a comparative study, Walther et al. [7]
found that the median delay to the start of the immu-
notherapy was significantly less in laparoscopic ne-
phrectomy using morcellation for specimen delivery
when compared to either hand-assisted or conven-
tional laparoscopic nephrectomy.

Indication of laparoscopic nephrectomy has also
broadened toward cases of renal vein involvement. De-
sai [8] reported eight successful laparoscopic radical
nephrectomies with level I renal vein tumor thrombus.

Specimen Extraction

After the kidney has been dissected, it is generally
placed in a laparoscopic bag and then extracted. The
laparoscopic entrapment sacs have been widely stud-
ied in terms of permeability to tumor cells. It is gen-

erally accepted that they are safe for use in malignant
tumors, as they have been shown to be perfectly im-
permeable to fluids, gas or various cell suspensions
[9].

There are currently two techniques for removal of
the kidney: enlarging one of the 10-mm trocar inci-
sions and removing the whole piece or morcellating it
into the sac. The advantages of removing the kidney
intact mainly concern the oncological aspects: an ac-
curate pathological staging is possible, surgical mar-
gins can be observed, and there is virtually no danger
of tumor spillage or port seeding at this step of the
procedure. The disadvantage is that a larger muscle
incision is needed. Gill [10] reported that in their se-
ries of radical nephrectomies with intact specimen re-
moval, the incision length was 6.3 cm. They state that
this does not seem to have any implication in postop-
erative morbidity rates. Moreover, their data concern-
ing postoperative analgesia requirements are not dif-
ferent from data reported by authors routinely using
morcellators [11].

The morcellators are designed to work in conjunc-
tion with the endoscopic entrapment sacs. A cylindri-
cal recessed blade morcellates tissue that is cored into
the atraumatic sheath. The morcellated tissue is aspi-
rated through the device and stored within the handle.
This process obviously does not allow defining the
pathological stage, the surgical margins and the ade-
quacy of the resection. Moreover the prolonged con-
tact of the bag with its malignant contents can at least
in theory be implied in the port seeding phenomena.

Barrett et al. [12] published the largest series of pa-
tients undergoing laparoscopic radical nephrectomy
with specimen morcellation. Out of 72 patients, six
were converted to open surgery due to bleeding or dif-
ficult hilar dissection. In the authors’ opinion, the
clinical stage as established on preoperative CT scan
was sufficient for managing the patients, whereas pre-
cise pathological staging does not give any extra infor-
mation that would actually change the subsequent
management. In their series, review of the histological
finding revealed renal cell carcinoma in 57 patients,
benign tumors in six and no diagnosis in three. Fol-
low-up on the malignancies ranged from 1.5 to
58 months with no port site or other disease recur-
rence.

A literature review of the larger series reveals that
most authors do not feel comfortable with morcellat-
ing cancer-containing organs and opt instead for the
intact removal of the specimen.



Oncologic Issues

The main objection raised by opponents to laparo-
scopic surgery for oncologic indications is that lapa-
roscopy may compromise oncologic principles (mini-
mal manipulation, wide resection, safe margins). One
of the most controversial and debated issues is port
site recurrence.

Fentie et al. [13] reported a relatively long follow-
up (mean 33.4 months) for patients undergoing lapa-
roscopic radical nephrectomy with morcellation for re-
nal cell carcinoma. Their results show a 5% (3/57) rate
of metastases. In two of these cases, the course was
consistent with the natural history of the disease, but
the third patient had a port site recurrence. This is
the first report of port site recurrence in a patient un-
dergoing laparoscopic resection of a kidney cancer.
The patient had a high grade, clinical T3 disease and
the authors provide this and maybe the morcellation
technique as theoretical explanations.

Another case of port site metastasis was reported
by Castilho [14]. A patient with alcoholic cirrhosis
(TINOMO) presented ascites at the time of laparos-
copy. No cytologic examination was done. The opera-
tive specimen was delivered with morcellation. The
potential etiologic role of immune deficiency due to
alcoholic cirrhosis could not be excluded.

The importance of the use of watertight endoscopic
bags for specimen removal was emphasized by Iwa-
mura et al. [15]. The authors reported a port site re-
currence in a case where the specimen was removed
without an entrapment sac or wound protector.

Based on a literature review, Tsivian and Sidi [16]
suggested the following preventive steps:

B Avoiding laparoscopic surgery in case of ascites

Trocar fixation to prevent dislodgment

Avoiding gas leakage along and around the trocar

Adequate laparoscopic equipment and technique

Minimal handling and avoiding tumor boundary

violation of the tumor

Using a bag for specimen removal

Placing drainage when needed before desufflation

B Povidone-iodine irrigation of instruments, trocars
and port site wounds

B Suturing 10 mm and larger trocar wounds

Kidney tumors do not belong to malignancies with a
high risk of port site metastases. During a radical ne-
phrectomy, the oncologic principles are fully re-
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spected. Primary ligature of the renal vessels guaran-
tees the lack of spread of tumor cells into the blood
stream. Since the kidney is surrounded by a large
amount of perirenal fat and Gerota’s fascia, the instru-
ments are never in direct contact with the tumor.
Furthermore, contrary to some highly aggressive tu-
mors such as transitional cell carcinoma, renal cell
carcinoma does not have a high propensity to implant
at distant areas. And lastly, the specimen is always re-
moved with a watertight entrapment sac.

Conclusions

Based on a literature review and on our own experi-
ence, we can conclude that laparoscopic radical ne-
phrectomy is a viable option for treating low-stage
kidney cancer. This relatively novel technique offers
several advantages over the open technique, especially
in terms of patient comfort, postoperative pain and
shorter convalescence.

Oncologic concerns appear largely unwarranted, as
longer follow-up data shows that laparoscopy does not
alter the natural history or the outcome of this dis-
ease.

We therefore assume that laparoscopic radical ne-
phrectomy is potentially becoming a new standard of
care in kidney cancer.
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Introduction

Since the first procedure by Clayman and associates
in 1990, laparoscopic nephrectomy is becoming the
gold standard for kidney removal [1]. The technical
difficulty of laparoscopic nephrectomy is a major fac-
tor preventing its widespread dissemination.

Tschada et al. in 1995 [2] and Winfield et al. in
1996 [3] described the insertion of the gloved finger
into the laparoscopic operative field to assist an other-
wise purely laparoscopic procedure; Cuschieri and
Shapiro, in 1995, reported a pneumoperitoneum access
bubble to allow the hand into the abdomen for dissec-
tion and organ removal [4], and in 1994 Tierney et al.
reported hand assistance for splenectomy and colec-
tomy and nephrectomy [5].

Leakage of CO, and spraying of blood limited the
usefulness of (hand-assisted laparoscopy (HAL), but
in 1996 the first hand-assisted laparoscopic port was

Hand-Assisted
Laparoscopic Nephrectomy

Francgois Rozet, Declan Cahill,
Francois Desgrandchamps

approved by the Food and Drug Administration for
use in the United States and since has been used ex-
tensively [6].

Hand-assisted laparoscopic surgery bridges the gap
between open and laparoscopic surgery. As has been
said by Dr. R.V. Clayman, “one hand is worth a thou-
sand trocars“ (Ramon Guiteras Lecture, American
Urologic Association Annual Convention 2000). It in-
volves inserting the surgeon’s hand into the insufflated
abdomen. Hand-assisted laparoscopy is clearly advan-
tageous for those laparoscopic procedures that require
removal of a relatively large amount of tissue intact,
which would otherwise necessitate an extended trocar
incision.

Hand-assisted laparoscopic surgery has many theo-
retical advantages. These may benefit the surgeon, but
may also have a positive clinical impact for patients.
In addition, through improved control of complica-
tions, reduced operative time and technical simplifica-
tion in comparison with standard laparoscopy, the
hand-assisted procedure has economic advantages.

If an incision is needed to remove a specimen at
the end of a laparoscopic procedure, then it is advan-
tageous to make the incision at the start of the proce-
dure, through which the hand may be inserted in or-
der to facilitate surgery [7, 8]. Also, hand-assisted lap-
aroscopic surgery returns the tactile sensations lost to
the surgeon in laparoscopic surgery. The use of palpa-
tion allows the surgeon to locate pathology that is not
immediately visible and to identify structures such as
blood vessels and ureters [9]. A further advantage is
that, whereas three-dimensional perception is lost
using standard laparoscopy, having a hand inside the
body assists the surgeon in locating structures and di-
recting instruments in three-dimensional space.

The ability to dissect tissues bluntly is restored
using hand-assisted laparoscopic surgery. This allows
natural tissue planes to be separated and adherent tis-
sues to be safely divided. In addition, hand-assisted
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laparoscopic surgery permits safe retraction of large
organs such as the spleen, esophagus, liver and intes-
tines. These organs are difficult to handle using stan-
dard laparoscopic instruments, and are easily dam-
aged. Furthermore, in the hand-assisted procedure,
the surgeon’s hand works in conjunction with laparo-
scopic instruments during suturing, clip application
and stapler positioning. Clip security is easily verified
and presentation of tissue to staplers is greatly en-
hanced. With regard to perioperative infection, hand-
assisted laparoscopic devices cover the wound, and
protect it from contamination during specimen re-
moval [10].

Hand-assisted laparoscopic surgery gives surgeons
the added confidence they need while learning ad-
vanced laparoscopic procedures. Urologists with mini-
mal laparoscopic experience can perform difficult pro-
cedures, such as laparoscopic radical nephrectomy,
safely and efficiently [10, 11]. In addition, hand-as-
sisted laparoscopy allows the surgeon to control situa-
tions that might otherwise require conversion to open
surgery (e.g., excessive bleeding). Hand-assisted access
can also be used as an intermediate step, rather than
converting from laparoscopy-assisted to open surgery.

Hand-assisted laparoscopic surgery procedures typi-
cally require fewer ports and instruments than do cor-
responding laparoscopic-assisted procedures. Further
advantages of having the surgeon’s hand in the abdo-
men include tactile feedback, the ability to palpate,
blunt dissection, organ retraction, control of bleeding
and rapid organ removal. These advantages render the
laparoscopy technically simpler, with resultant shorter
operative time [6, 12, 13].

The improved efficiency of hand-assisted laparo-
scopic surgery over standard laparoscopy results in
decreased operative times. Most major laparoscopic
procedures can be reduced by up to 1 h or more, de-
pending on their complexity.

Clinical trials indicate that hand-assisted laparo-
scopic surgery outcomes (e.g., patient pain, return to
normal activity, time of surgery and duration of ileus)
are equal to or better than those with laparoscopic
surgery. The postoperative advantages of laparoscopy
in reducing morbidity and hastening convalescence
are not sacrificed. Studies comparing patient postop-
erative discomfort after laparoscopic and hand-as-
sisted laparoscopic procedures have not identified a
significant difference [13, 14], although long-term
convalescence has been shown to be 1-3 weeks longer
[15].

With regard to cosmetic appearance following the
procedure, hand-assisted laparoscopic surgery inci-
sions are much smaller than those used with standard
open surgery, and are closer to those employed in
standard laparoscopy than one might imagine. For ex-
ample, because the PneumoSleeve (Dexterity Inc.,
Atlanta, GA, USA) the incision is made on the insuf-
flated abdomen (see “Technique: Placement of Ports
and Hand-Assisted Device (Hand-Port System)”), the
average 7-cm incision measures only 5.5 cm postoper-
atively [12]. Furthermore, hand-assisted surgery typi-
cally requires fewer ports than do laparoscopy-assisted
procedures. Finally, the use of fewer ports and a mus-
cle-splitting incision may result in reduced pain for
the patient [16].

Indications

Simple nephrectomy
Live-donor nephrectomy
Radical nephrectomy
Nephroureterectomy
Adrenalectomy (large)

HAL is indicated for simple and radical nephrectomy,
and nephroureterectomy where the surgical specimens
are large and so the use of a hand port incision does
not disadvantage the benefits of reduced wound mor-
bidity in laparoscopy. Regardless of specimen size,
where the use of HAL discourages open nephrectomy
in favor of the laparoscopic approach it is to be en-
couraged.

Theoretically HAL is counterintuitive for partial ne-
phrectomy as the specimen is small, not requiring an
extended incision for retrieval. However, a significant
advantage is that HAL may avoid the need to clamp
the renal hilar vessels by allowing simple manual po-
lar compression for hemostasis [17].

Contraindications

B Lack of training
B Small workspace
B Small or benign specimen

HAL is an adjunct to laparoscopy or may facilitate its
uptake. It is not a means to bypass laparoscopic train-
ing.



We do not recommend HAL in young children and
during retroperitoneoscopy, as the hand takes up too
much space, complicating exposure. Small atrophic
kidneys or nonfunctioning kidneys of other etiologies
are suitable for morcellation and therefore better per-
formed by pure laparoscopy, although in the presence
of chronic inflammation or prior surgical procedures,
such as xanthogranulomatous pyelonephritis or auto-
somal dominant polycystic kidney disease, may com-
plicate a pure laparoscopic procedure.

Techniques

Hand-Assisted Laparoscopy Devices

Hand-assisted laparoscopy devices [13] facilitate intra-
abdominal placement of the hand during laparoscopy.
To date, various devices are available for hand-assisted
access during laparoscopy. Each of them has advan-
tages and disadvantages. There are currently four de-
vices available: the PneumoSleeve, the Hand-port
(Smith and Nephew, Andover, MA, USA), the Intromit
(Applied Medical, Rancho, Santa Margarita, CA, USA)
and the Lap Disk (Hakko Shoji, Tokyo, Japan). The base
adapted to the abdominal wall can be either adhesive
(PneumoSleeve, Intromit) or compressive (Hand-port,
LapDisk).

All the devices are effective and selection depends
on surgeon preference, location of hand incision, body
habitus and the past surgical history of the patient.

Compressive Base

The Hand-port system is composed of a base that is
adapted to the abdominal wall and a sleeve that covers
the surgeon’s arm. The Hand-port can be installed at
the beginning of the procedure, and before or after in-
sufflation, as described by Wolf et al. [13]. The pri-
mary advantage of inserting the system before insuf-
flation is that all trocars may be introduced under di-
rect vision, which may help to reduce potential vascu-
lar or visceral injuries [14, 18]. The default of such a
system is that the base may be ejected during the pro-
cedure [16]. In our experience, the base is easy to re-
insert.

The LapDisc [18] system has no plastic sleeve that
attaches the surgeon’s wrist to the device. A three-
layer silicone valve connected by a rubber membrane,
which covers the peritoneum and abdominal wall,
forms the mechanical occlusion.

2.3 Hand-Assisted Laparoscopic Nephrectomy 41

Adhesive Base

The PneumoSleeve and the Intromit devices require
clean and dry skin before positioning. When the ab-
domen is fully insufflated, the adhesive base is placed
in its final position.

Devices that require adherence to the abdominal
wall may loosen during the procedure, and may in-
duce leakage of the pneumoperitoneal gas and loss of
intra-abdominal pressure. Some authors [19, 20] have
described the use of Mastisol (surgical adhesive; Fern-
dale Laboratories Inc., Ferndale, MI, USA) or benzoin
to produce a stickier abdominal surface, thus permit-
ting more secure placement of the hand-assisted de-
vice [19]. It is also possible to seal the interior of the
abdominal wall template with a patch of Tegaderm
(Johnson & Johnson Inc., Arlington, TX, USA) in or-
der to reduce escape of intra-abdominal fluid and gas
between the adhesive ring and the skin. An alternative
solution to reduce the incidence of air leak is applica-
tion of a large Steri-Drape (3-M Health Care, St Paul,
MN, USA) to the abdominal wall at the start of the
surgical procedure [21].

Technique: Placement of Ports
and Hand-Assisted Device
(Hand-Port System)

Under general anesthesia, the patient is placed on a
flexed table in a full flank position as per open and stan-
dard laparoscopic nephrectomy, prepared and draped in
the normal way. A mid-line incision above the umbili-
cus is made, in length equal to the surgeon’s glove size
(6.5-8.5 cm). The peritoneum is then entered, the hand-
port device is inserted (Fig. 1) and the surgeon’s nondo-
minant wrist is inserted into the abdominal cavity. Port
sites are placed 2-3 cm around the area of the base. A
10-mm trocar is introduced under finger control. This
first trocar is placed at the level of the mid-axillary line
where the laparoscope will be placed, and the pneumo-
peritoneum is created. Two additional trocars (5-
12 mm in diameter) are inserted under direct vision,
one above the iliac crest and the other under just below
the costal margin at the level of the mid-axillary line.
Those two trocars are used as operative trocars for
the placement of scissors, stapler and clip applier. A
fourth trocar may be placed during the procedure to in-
sert a laparoscopic liver retractor. The kidney is then
approached as previously described for simple or radi-
cal nephrectomy (Fig. 2) [9, 20, 22].
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Fig. 1. Right nephrectomy. The base of the hand-assisted
device (Hand-Port) is placed and the surgeon inserts his
hand into the abdominal cavity

Fig. 2. Exposing the right kidney

Results: Comparison with Other Techniques

Hand-assisted laparoscopic nephrectomy must be
compared with other surgical approaches, including
open surgery and pure laparoscopy.

Simple nephrectomy is usually done using standard
transabdominal or retroperitoneal laparoscopy. Chronic
inflammation or prior surgical procedures may lead to
hilar and perinephric fibrosis, resulting in technical dif-
ficulties. In these cases, hand-assisted laparoscopic sur-
gery may be useful in performing simple nephrectomy.
Hand-assisted laparoscopic surgery has also simplified
the management of larger renal tumors while maintain-
ing the benefits of a minimally invasive procedure. La-
paroscopic radical nephrectomy specimens can be re-
moved intact and without morcellation [7, 13, 20, 23].

Simple Nephrectomy

Various surgical approaches have been reported for
simple nephrectomy. Laparoscopic procedures may be
performed by either retroperitoneal or transperitoneal
approach. Compared with open surgery, patients un-
dergoing standard laparoscopic nephrectomy have less
pain, shorter duration of hospital stay and faster re-
sumption of normal activities [20].

Wolf et al. [13] compared hand-assisted with stan-
dard laparoscopic nephrectomy; morcellation was used
for kidney removal. These investigators reported a
shorter operative time and fewer complications for the
hand-assisted group, and no significant differences in
analgesic use, time to oral intake, duration of hospital
stay and time to full recovery, as compared with the
laparoscopic group.

However, pure laparoscopy is preferred for simple
nephrectomy as the specimen is suitable for morcella-
tion, i.e., extraction without port-site extension, and
often the extraperitoneal route is preferred, which is
less suited to HAL.

Radical Nephrectomy

When compared to the hand-assisted laparoscopic
approach, open radical nephrectomy has been shown
to give an advantage in terms of operative time [22]
(Table 1). However, Stifelman et al. [17] noted an op-
erative time of 3.3 h among 74 patients undergoing a
hand-assisted laparoscopic nephrectomy, versus 3.3 h
for 20 patients undergoing an open nephrectomy.
There was reduced blood loss, analgesic requirement
and length of stay in the HAL group. Cleveland clinic



Table 1. Comparison of HAL, pure laparoscopy and open
surgery in radical nephrectomy
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Table 2. Comparison of HAL, pure laparoscopy and open
surgery in nephroureterectomy

Procedure Operative Blood Duration Convales- Procedure Operative Blood Duration Convales-
time loss  of stay cence time loss of stay cence
(hours) (co) (days) (weeks) (hours) (cc) (days) (weeks)
Stifelman [17] Stifelman [17]
HAL (n=74) 33 131 3.7 <4 HAL (n=22) 45 180 4.1 2.7
Open (n=11) 33 372 52 - Laparoscopy 7.7 199 6.1 2.8
Wolf [36] (n=25)
HAL (n=18) 205 194 - - Open (n=11) 3.9 311 6.3 >6
Pure laparos- 280 304 - - Gill [26]
copy (n=15) Pure laparos- 3.9 242 2.3 8
Gill [26] copy
Pure laparos- 2.8 212 16 4 (n=42)
copy (n=100) Landman [15]
HAL (n=16) 49 201 4.5 8
Pure laparos- 6.1 190 33 52
copy (n=11)
data [24], (n=100), show a modest advantage for pure
laparoscopy.
Nakada et al. [23], comparing hand-assisted and Nephroureterectomy

open laparoscopic radical nephrectomy, demonstrated
that the hand-assisted laparoscopic technique is a safe,
effective and minimally invasive option for treating re-
nal cell carcinoma. Operative times with hand-assisted
laparoscopic nephrectomy were significantly longer
than those with open nephrectomy, but the hand-as-
sisted laparoscopic nephrectomy patients had a short-
er duration of hospital stay, an earlier return to work
and to a complete recovery [22].

Batler et al. [10] retrospectively compared their ex-
periences with 24 initial hand-assisted and retroperi-
toneal laparoscopic nephrectomies. All but one of
those procedures were radical laparoscopic nephrec-
tomies. Their data revealed no significant differences
in operative time, estimated blood loss, narcotic
usage, hours to oral intake, duration of hospital stay,
or activity level at 2 weeks after the procedures. The
same team previously reported on “the experience of
the inexperienced” [25]. In that study, novice laparo-
scopic surgeons performed the first six hand-assisted
laparoscopic nephrectomies. Because half of the hand-
assisted procedures were performed by young and in-
experienced surgeons, it is difficult to draw meaning-
ful comparisons of operative times [22]. A random-
ized prospective study comparing these techniques
performed by the same surgeons would provide us
with more accurate answers.

Stifelman et al. [17] have shown superior results for
HAL versus open and pure laparoscopic nephroureter-
ectomy. Most notable in their series is the time saving
of more than 3 h in the HAL nephroureterectomy se-
ries compared with the pure laparoscopic series. The
Cleveland clinic data [26] demonstrate a superior pure
laparoscopic experience in terms of operative time
and length of stay, although a particularly long conva-
lescence time of 8 weeks (Table 2).

Live-Donor Nephrectomy

In terms of live-donor nephrectomy, the results are
again similar between the pure laparoscopic and HAL,
with recovery advantages for both over open surgery
[17, 37, 38, 42]. However, allograft function is another
factor of utmost importance that needs to be consider-
ed. Stifelman et al. [27] showed similar allograft func-
tion between open and HAL live-donor nephrectomy.
Comparing pure laparoscopic and open live donor ne-
phrectomies. Noguiera et al. [38] reports higher nadir
creatinine in laparoscopic cases. This phenomenon
has not been seen with the HAL technique (Table 3).

Others have confirmed shorter operating times and
warm ischemia time in HAL donor nephrectomy [43]
but no functional difference in the transplanted graft
at 1 year [43, 44].

Fabrizio et al. [41] have stated that since introduc-
ing HAL live donor nephrectomy to John Hopkins In-
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Table 3. Comparison of HAL, pure laparoscopy and open
surgery in live-donor nephrectomy

Procedure Operative Blood Duration Convales-
time loss  of stay cence
(hours) (cc) (days) (weeks)

Stifelman [17, 42]

HAL (n=60) 4 83 3.7 4

Open (n=30) 44 364 4.5 9.2

Laparoscopy 3.9 266 3 4

(n=100)

Wolf [37]

HAL (n=10) 3.6 103 1.8 =

Ratner [38]

Pure laparos- 39 260 3 4

copy (n=175)

stitution in Baltimore, Maryland, the number of live-
donor renal transplantations has increased by 100%.

Partial Nephrectomy

Hand-assisted laparoscopic partial nephrectomy is fea-
sible and reproducible [28, 37]. The surgeon’s hand in
the operative field facilitates dissection, vascular con-
trol, hemostasis and suturing [28]. It is less ideal an
indication than whole-specimen nephrectomy, as small
specimen size negates the need for a large incision.
The surgeon’s hand may be used for manual compres-
sion of polar tumors, negating the need for hilar ves-
sel clamping and whole kidney ischemia. In experi-
enced hands, the Cleveland Clinic data [29] shows that
similar results may be achieved without hand assis-
tance and the resultant wound, as large specimen re-
trieval is unnecessary (Table 4).

Table 4. Comparison of HAL, pure laparoscopy and open
surgery in partial nephrectomy

Procedure Operative Blood Duration Convales-
time loss of stay cence
(hours) (cc) (days) (weeks)

Wolf [37]

HAL (n=10) 33 460 2 -

Stifelman [28]

HAL (n=11) 4.6 319 33 -

Gill [29]

Pure laparos- 3 270 2.2 -

copy (n=50)

Complications

There is a learning curve to hand-assisted laparo-
scopy. In a 1999, the Southern Surgeon’s Club study
[30], in which 27 highly skilled laparoscopic surgeons
from 16 states across the United States evaluated
hand-assisted laparoscopy, recommended its use “only
for experts in laparoscopic surgery and for procedures
that are either too complex or take too long to be
managed by pure laparoscopic surgery.“

Hand-assisted laparoscopic surgery has some inher-
ent disadvantages: PneumoSleeve device malfunction
53% (including device replacement in 14%) [30]. The de-
vices can be unwieldy and they leak gas frequently. On
small abdomens, the space that they occupy may inter-
fere with port placement. The cosmesis of the incisions
for the HAL device is less favorable than it is for laparo-
scopic ports. For the true minimalist, undertaking pure
laparoscopy, the specimen may be retrieved via a Pfan-
nenstiel incision in the male or transvaginally in the fe-
male [31]. Convalescence may be prolonged by the long-
er incision. Although both Wolf et al. [32] and Slakey et
al. [33] found that hand-assistance did not alter conva-
lescence significantly compared with that after standard
laparoscopy, there is likely a small degree of increased
postoperative pain and duration of convalescence for
hand-assisted vs standard laparoscopic procedures.
Open conversion (22%) [30], device air leak (25%),
and postoperative complication rate (26%) [22] are also
factors to consider. Importantly, intra-abdominal hand
fatigue, ranging from mild fatigue to severe cramping,
was noted in an additional 21% of cases [34, 35].

Okeke et al. 2002 [35] reported complications re-
lated to hand ports in three of 13 cases. There were
two severe hand port wound infections and one inci-
sional hernia. One patient required conversion to open
surgery due to irresolvable air leakage around the
port. In one patient, the tumor ruptured during ex-
traction. Although no local recurrence has been iden-
tified 21 months postoperatively, this calls into ques-
tion whether or not it is safe to remove tumors with-
out some form of sack. This group has abandoned
hand-assisted techniques for upper tract malignancy.

The additional cost of the hand-assistance device is
often cited as a disadvantage of the technique. Its sup-
porters cite that the cost is recouped by the reduction
in operating room time and other supply cost savings
when HAL is used, such as the requirement for fewer
ports and in the case of live-donor nephrectomy, no
entrapment sack [36].



Future Horizons

HAL nephrectomy clearly has a future for those over-
whelmed by the skill level of pure laparoscopy when
starting a service. By acting as a bridge between open
surgery and laparoscopy, it may bring laparoscopy
into the armamentarium of surgeons who would
otherwise continue to perform open surgery in situa-
tions where it is essentially becoming contraindicated.

It is likely to hold a position for transperitoneal to-
tal nephrectomy where a similarly sized incision
would otherwise be made at the end of a pure laparo-
scopic procedure, and for the same reason it is unlike-
ly to become the procedure of choice for partial ne-
phrectomy that does not require significant incision
extension for specimen retrieval. Simple nephrectomy
is probably best performed retroperitoneally, which is
less suited to HAL, unless the specimen is very in-
flamed or large when transperitoneal nephrectomy
may be preferred.

Conclusion

Hand-assisted laparoscopic surgery is a promising
technique, has clear advantages to open surgery, is
comparable to pure laparoscopy and may further the
indications for laparoscopy. It is well tolerated and ef-
fective in nephrectomy. Logical indications for its ap-
plication include those laparoscopic cases that require
removal of a large amount of tissue intact and as a
bridge between open and laparoscopic alternatives.
Moreover, with regard to efficacy and safety, hand-as-
sisted laparoscopic surgery may also find application
in technically difficult situations [25].
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Introduction

With widespread use of modern imaging techniques,
renal tumors are commonly diagnosed incidentally.
These tumors are often small with favorable biological
behavior, including a slow growth rate and a low inci-
dence of local recurrence and metastasis. Moreover,
small incidentally detected renal tumors have a 22%-
40% chance of being benign on final pathological
analysis [1]. With strong evidence supporting ne-
phron-sparing surgery (NSS) for renal tumors less
than 4 cm and the evolution of minimally invasive
surgical technique, there has been a trend away from
radical nephrectomy in the management of small renal
tumors.

In the past decade, several minimally invasive ther-
apy options for NSS have been developed in an at-
tempt to minimize operative morbidity while achiev-
ing comparable oncological outcomes and preserving
renal function. These minimally invasive procedures
comprise tumor excision (laparoscopic partial ne-
phrectomy), which aims to duplicate the established
technique of open partial nephrectomy and probe-ab-
lative strategies (cryotherapy and radiofrequency abla-

tion). In this chapter, we discuss the current status of
laparoscopic partial nephrectomy.

Compared to radical nephrectomy, laparoscopic
partial nephrectomy is a considerably more techni-
cally challenging procedure. Issues of renal hypother-
mia, renal parenchymal hemostasis, pelvicaliceal re-
construction, and parenchymal renorrhaphy by pure
laparoscopic techniques pose unique challenges to the
surgeon. Nonetheless, ongoing advances in laparo-
scopic techniques and operator skills have allowed the
development of a reliable technique of laparoscopic
partial nephrectomy, which aims to replicate the es-
tablished procedure of open partial nephrectomy [2].
As such, laparoscopic partial nephrectomy is emerging
as an attractive minimally invasive nephron-sparing
option at select institutions. The worldwide experience
with laparoscopic partial nephrectomy is summarized
in Table 1 [3-9].

Indications and Contraindications

Initially, laparoscopic partial nephrectomy was re-
served for the select patient with a favorably located,
small, peripheral, superficial, and exophytic tumor
[10-12]. With experience, we have carefully expanded
the indications to select patients with more complex
tumors: tumor invading deeply into the parenchyma
up to the collecting system or renal sinus [13], upper
pole tumors requiring concomitant adrenalectomy
[14], completely intrarenal tumor, tumor abutting the
renal hilum, tumor in a solitary kidney, or a tumor
substantial enough to require heminephrectomy [15].
Although there is growing evidence supporting elec-
tive partial nephrectomy for select tumors 4-7 cm in
size [16], laparoscopic partial nephrectomy for these
complex tumors is most often utilized in the setting of
compromised or threatened global nephron mass
wherein nephron preservation is an important con-
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Table 1. Published series of laparoscopic partial nephrectomy with at least ten patients treated

Reference N  Mean Hilar No. of Hemostasis Mean Mean Mean No. of No. of Follow-up
tumor control pelvicali- EBL OR time hospital urine compli- (months)
size ceal repairs (ml) (h) stay leaks  cations
(cm) (%) (days) (%) (%)

Janetschek 25 1.9 No 0 Bipolar, Argon 287 2.7 5.8 0 3(12) 222

et al. [3] beam, glue

Harmon 15 23 No 3 Argon beam, 368 2.8 26 0 0 8

et al. [4]? bolster

Rassweiler 53 23 - - Harmonic, 725 3.2 54 5(94) 1019 24

et al. [5]° bipolar, Argon

beam, Nd:YAG

Gill et al. [9] 100 2.8 Yes (91) 64 Suture over 125 3 2.0 3(3) 21(21) 18

bolsters

Guillonneau 28 1.9 No (12) 0 Bipolar, 708 (3) 3.0 4.7 0 3(25) 122

et al. [6] Harmonic
25 Yes (16) 11 Suture over 270 (2) 2.0 4.7 0 3(19) 1.2

bolsters

Kimetal. [7] 79 25 Yes (52) - Suture over 391 (4) 3.0 2.8 2 (2.5) 12 (15) -

bolsters

Simon 19 2.1 No 0 Harmonic, 120 2.2 2.2 0 4 (21) 8.2

et al. [8] TissueLink

Adapted from [17]
@ Multi-institutional reports

cern. In 2004, our absolute contraindications for la-
paroscopic partial nephrectomy include renal vein
thrombus, or a mid- or interpolar, completely intrare-
nal central tumor [17]. Morbid obesity and a history
of prior ipsilateral renal surgery may increase the
technical complexity of the procedure, and should be
considered a relative contraindication at this time.

Surgical Technique

Laparoscopic partial nephrectomy is preferentially
performed transperitoneally. However, posterior or
posteromedially located tumors may be more ideally
approached retroperitoneoscopically. Three-dimen-
sional computed tomography (CT) is the preferred
preoperative imaging study. 3D CT provides informa-
tion regarding tumor size, location, parenchymal infil-
tration, proximity to renal sinus and renal hilum, and
the number and location of renal vessels.

After general anesthesia is administered, an open-
ended 5F ureteral catheter is inserted cystoscopically
up to the renal pelvis. The basic operative strategy of
laparoscopic partial nephrectomy has been previously
described (Gill et al.). Generally, it involves prepara-

tion of the renal hilum for cross-clamping, followed
by mobilization of the kidney and isolation of the tu-
mor [2]. Early in our experience, laparoscopic bulldog
clamps were used to individually occlude the renal ar-
tery and vein (Fig. 1). However, it soon became ob-
vious that current laparoscopic bulldog clamps have
somewhat suboptimal and inconsistent vessel com-
pression that may result in intraoperative hemorrhage
due to inadequate occlusion, especially in the setting
of renal artery arteriosclerosis. In contrast, the laparo-
scopic Satinsky clamp is inherently more reliable for
renal hilum clamping (Fig. 2). As such, we have modi-
fied our technique and now routinely clamp the renal
hilum en bloc with a Satinsky clamp during transperi-
toneal and retroperitoneal approaches. Notably, there
is occasion when the restricted working space in the
retroperitoneum may make the use of a Satinsky
clamp somewhat awkward. Development of more reli-
able bulldog clamps of similar quality to those avail-
able for open surgery would help avoid this problem.
Intraoperative laparoscopic ultrasonography (IO-
LUS) precisely delineates tumor size, intraparenchymal
extension, distance from renal sinus, and may detect
preoperatively unsuspected satellite renal tumors. Un-
der sonographic guidance, an adequate margin of nor-



Fig. 1. Retroperitoneal
laparoscopic partial
nephrectomy. Because
of the limited working
space, the renal vein and
artery were initially iso-
lated and controlled
with laparoscopic bull-
dog clamps. A Satinsky
clamp is now routinely
used. Adapted from [2]

Fig. 2. Transperitoneal
laparoscopic partial
nephrectomy. A laparo-
scopic Satinsky clamp is
used to clamp the hilum
en bloc. Adapted from
[2]
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Fig. 3. Free-hand intracor-
poreal laparoscopic suture
repair of the pelvicaliceal

defect. Adapted from [13]

Fig. 4. Renal parenchymal
repair over bolsters.
Adapted from [2]




mal renal parenchyma is scored circumferentially
around the tumor with the J-hook electrocautery. The
hilum is then clamped, and the tumor excised with
cold scissors in a clear, bloodless field. Retrograde in-
jection of dilute indigo carmine through the preopera-
tively placed ureteral catheter identifies any pelvicali-
ceal entry, and facilitates precise suture repair by in-
tracorporeal laparoscopic techniques (Fig. 3) [13].
Lastly, the renal parenchyma is reconstructed using
Vicryl suture over a prefashioned Surgicel bolster
completing a hemostatic renorrhaphy (Fig. 4). Hem-o-
Lok clips (Weck Closure System, Research Triangle
Park, NC, USA) are used to secure the suture on
either side of the renal parenchyma on the simple in-
terrupted stitches. Recently, the biological hemostatic
gelatin matrix-thrombin tissue sealant FloSeal (Baxter,
IL, USA) has been incorporated as an important he-
mostatic adjunct to our technique. A Jackson-Pratt
drain is placed in all patients undergoing pelvicaliceal
repair or if there is concern of inadequate hemostasis.

Comparison of Open and
Laparoscopic Partial Nephrectomy

A recent retrospective review of 200 patients under-
going partial nephrectomy at the Cleveland Clinic
compared the laparoscopic (n=100) to open (n=100)
approach [9]. Median tumor size was 2.8 cm in the la-
paroscopic group and 3.3 cm in the open group
(p=0.005), and a solitary kidney was present in seven
and 28 patients, respectively (p=0.001). The tumor
was located centrally in 35% and 33% of cases
(p=0.83) and the indication for a partial nephrectomy
was imperative in 41% and 54% of cases, respectively
(p=0.001). Comparing the laparoscopic to open group,
median surgical time was 3 h vs 3.9 h (p<0.001), blood
loss was 125 ml vs 250 ml (p <0.001), and warm isch-
emia time was 28 min vs 18 min (p<0.001), respec-
tively. Analgesic requirement was 20.2 mg vs 252.5 mg
morphine sulfate equivalent (p<0.001), the hospital
stay was 2 days vs 5 days (p<0.001), and convalescence
averaged 4 weeks vs 6 weeks (p<0.001) for the laparo-
scopic and open groups, respectively.

All laparoscopic cases were completed without con-
version to open surgery. The laparoscopic group had a
higher incidence of intraoperative complications (5%
vs 0%; p=0.02). This included hemorrhage (n=3), ur-
eteral injury (n=1), and bowel serosal injury (n=1).
The rate of postoperative complications was similar
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(9% vs 14%; p=0.27). Urological complications oc-
curred in seven patients in the laparoscopic group and
two patients in the open group. Median preoperative
serum creatinine (1.0 mg/dl vs 1.0 mg/dl) and postop-
erative serum creatinine (1.0 mg/dl vs 1.1 mg/dl) were
similar (p=0.99). Pathology confirmed renal cell carci-
noma in 75% and 85% of the patients in the laparo-
scopic and open groups, respectively (p=0.003).
Although the median width of margin was 4 mm in
each group (p=0.11), the parenchymal margin of re-
section was positive in three laparoscopic cases and
no open cases (p=0.11). No patient in the laparo-
scopic group developed a local or port-site recurrence.
Of the published series (Table 1.) positive surgical
margins were also reported by Kim et al. [7]. In their
series there were two cases with positive surgical mar-
gins; one patient elected radical nephrectomy revealing
pT3a disease and the other patient chose to be observed
and has been free of recurrence over 26 months of sur-
veillance.

Complications of Laparoscopic Partial
Nephrectomy

Ramani and colleagues performed a thorough review
of the incidence and nature of complications following
laparoscopic partial nephrectomy in our first 200 pa-
tients [18]. The procedure was approached transperi-
toneally in 122 patients (61%) and retroperitoneally in
76 (38%). Mean tumor size on preoperative CT scan
was 2.9 cm (range, 0.9-10 cm) and the mean depth of
parenchymal invasion on IOLUS was 1.5 cm (0.2-
5 cm). Of the procedures, 198 (99%) were completed
laparoscopically with two open conversions. Mean OR
time was 199 min (45-360 min), mean blood loss was
247 ml (25-1,500 ml) and blood transfusion was ad-
ministered to 18 patients (9%).

Thirty-nine (19.5%) patients developed urological
complications, which included renal hemorrhage (21;
10.5%), urinary leak (nine; 4.5%), inferior epigastric
injury (one), epididymitis (one), and hematuria (one).
Renal hemorrhage occurred in 21 patients (10.5%): in-
traoperative eight (4%), postoperative five (2.5%), and
delayed eight (4%). In seven of eight patients, intra-
operative hemorrhage was due to inadequate clamping
of the renal hilum: laparoscopic bulldog clamp mal-
function (four), laparoscopic Satinsky clamp malfunc-
tion (one), accessory renal artery that was missed on
preoperative 3D CT scan and not detected intraopera-
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tively (two). Prior to discharge, five patients experi-
enced hemorrhage, ostensibly from the partial ne-
phrectomy bed. In all five patients, complete intra-
operative hemostasis had been achieved to the sur-
geon’s satisfaction. Four of these patients had no ob-
vious precipitating cause and responded to conserva-
tive management with fluid resuscitation and blood
transfusion. The fifth patient had been therapeutically
heparinized for pulmonary embolism and this likely
precipitated the renal bleed. This patient underwent
successful exploratory laparotomy on postoperative
day 7 to control renal parenchymal oozing. Delayed
hemorrhage after discharge (day 6 to day 30) occurred
in eight patients (4%). Potential precipitants could be
identified in three patients: vigorous exercise on post-
operative day 14 (one), fall (one), and coagulopathy
(one). Treatment included transfusion in five patients,
percutaneous selective angioembolization in two and
delayed nephrectomy in one. One patient presented
with delayed hematuria, managed with bed rest and
bladder irrigation.

Urine leak developed in nine patients. Of these, six
required placement of a double J stent, two required a
double ] stent plus CT-guided drainage of urine col-
lection, and one resolved spontaneously with observa-
tion. No patient with a urine leak required operative
re-exploration. A total of four patients (2%) required
at least one session of hemodialysis following surgery.
Two patients required transient dialysis for acute tubu-
lar necrosis (ATN) at postoperative days 8 and 30.
One patient with a 6.5-cm tumor in a solitary kidney
underwent heminephrectomy (65% resection) and de-
veloped acute renal failure requiring transient dialysis
for 3 weeks.

Nonurological complications occurred in 29 pa-
tients (14.5%). A small (<1 cm) superficial, serosal
bowel incision with the port site closure needle was
repaired with a single intracorporeal figure-of-eight
stitch. A recognized pleural injury was suture re-
paired. Segmental colonic ischemia of unknown etiol-
ogy occurred in one patient. This may have occurred
secondary to a thromboembolic event. Exploratory la-
parotomy and colon resection were performed without
adverse sequelae. Other nonurological complications
included deep venous thrombosis (four), pulmonary
embolism (one), atelectasis (three), pneumonia
(three), pleural effusion (two), wound-related compli-
cations (four), gluteal compartment syndrome (one),
congestive heart failure (two), atrial fibrillation (two)
prolonged ileus (one), sepsis (two) and a small splenic

capsular tear managed by argon beam coagulation
(one).

These data attest to the technical complexity of la-
paroscopic partial nephrectomy. This procedure re-
quires advanced laparoscopic skills and has potential
for serious complications. Reported experience with
laparoscopic partial nephrectomy from other centers
is summarized in Table 1. A multi-institutional series
from Europe reported the outcomes of 53 patients un-
dergoing laparoscopic partial nephrectomy and dis-
closed an overall urological complication rate of 23%
[5]. Hemorrhage occurred in five patients (10%): in-
traoperative (four; 8%) and postoperative (one; 2%).
Issues of hemostasis required emergent open conver-
sion in two (4%), and secondary radical nephrectomy
in one patient. Urine leak occurred in five patients
(10%) requiring J-stenting (three), percutaneous ne-
phrostomy (one), and nephrectomy (one). Overall, two
kidneys (4%) were lost. In a recent review, Kim et al.
[7] compared complications occurring during 35 la-
paroscopic radical nephrectomies and 79 laparoscopic
partial nephrectomies. In the partial nephrectomy
group, complications included intraoperative hemor-
rhage (six; 7.5%), urine leak (two; 2.4%), ureteral in-
jury (one), acute renal failure (one), postoperative at-
electasis (one), and clot retention (one). In each group
open conversion was required in one patient to
achieve hemostasis.

Current Issues and Future Directions

Renal Hilar Clamping

We believe that transient hilar clamping is an impor-
tant prerequisite for a technically superior laparo-
scopic partial nephrectomy. Nonetheless, a small, com-
pletely exophytic tumor may be resected without hilar
control. Recently, Guillonneau and colleagues com-
pared the outcomes of laparoscopic partial nephrect-
omy with hilar clamping (group 1, 12 patients), and
without (group 2, 16 patients) [6]. Mean laparoscopic
operating time was 179 and 121 min for groups 1 and
2, respectively (p=0.004). Significantly higher intra-
operative blood loss was reported in the patients with-
out hilar clamping (708+£569 ml vs 270+281 ml,
p=0.014). Three patients in group 1 and two patients
in group 2 required blood transfusion. Surgical mar-
gins were negative in all specimens. Although the
authors acknowledged that bipolar cautery or ultra-



sonic shears may provide hemostasis without renal
vascular control, these modalities of hemostasis char
the tissue, and result in poor visualization of tumor
margins. The main advantage of renal vascular clamp-
ing is the quality of visualization of the renal paren-
chyma, which facilitates accurate tumor excision.

Laparoscopic Renal Hypothermia

A hypothermic temperature of 15°C or less offers ade-
quate renoprotection from ischemic insult. During
open partial nephrectomy, renal surface cooling with
ice slush is the technique of choice for achieving ade-
quate core hypothermia. In the minimally invasive
realm, three techniques of achieving renal hypother-
mia have been described: surface cooling with ice-
slush, retrograde perfusion of the calyceal system and
intra-arterial perfusion. We recently described the
technique of intracorporeal ice-slush renal hypother-
mia that mirrors the open approach of using ice-slush.
Twelve selected patients with an infiltrating renal tu-
mor underwent transperitoneal laparoscopic partial
nephrectomy with hypothermia [19]. Median tumor
size was 3.2 cm (range, 1.5-5.5 cm), and two patients
had tumor in a solitary kidney. After an Endocatch-II
bag (US Surgical, Norwalk, CT, USA) was placed
around the mobilized kidney, and its drawstring
cinched around the intact renal hilum, the renal artery
and vein were occluded en bloc with a Satinsky clamp.
The bottom of the bag was retrieved through a 12-
mm port, opened, and ice-slush was introduced into
the bag using modified 30-cc syringes (nozzle-end of
the barrel cut off). With this approach, the entrapped
kidney is completely surrounded by ice-slush within
the bag. After renal hypothermia was achieved, la-
paroscopic partial nephrectomy was performed using
our standard technique. Median time to deploy the
bag around the kidney was 7 min (5-20 min), median
volume of ice-slush introduced was 600 cc (300-
750 cc), and time taken to insert the ice-slush was
4 min (3-10 min). Thermocouple measurements were
taken in five patients and nadir renal parenchymal
temperature ranged from 5°C to 19.1°C. Renal paren-
chymal temperatures upon completion of partial ne-
phrectomy and just prior to hilar unclamping ranged
from 19°C to 23.8°C following 43-48 min of ischemia.

Landman and colleagues described renal parenchy-
mal hypothermia using retrograde ureteral access dur-
ing laparoscopic partial nephrectomy in a pig model
[20]. A 12/14 ureteral access sheath was advanced to
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the ureteropelvic junction under fluoroscopic guidance
followed by placement of a 7.1F pigtail catheter within
the access sheath. After clamping the renal artery and
vein, ice-cold saline was circulated through the access
sheath and drained via the 7.1F pigtail catheter. Renal
cortical and medullary parenchymal temperatures,
measured with thermocouples, were noted to be
27.3°C and 21.3°C, respectively. When this technique
was applied in a patient undergoing open partial ne-
phrectomy, the renal cortical and medullary tempera-
tures were decreased to 24°C and 21°C, respectively
[21]. A potential drawback of this technique relates to
incisional entry into the collecting system that occurs
within 1-2 min of initiating tumor resection for an
infiltrating tumor. This would lead to leakage of the
transureteral cold perfusate or necessitate temporary
discontinuation, potentially compromising continued
core hypothermia for most of the procedure.

Janetschek and colleagues described laparoscopic
partial nephrectomy with cold ischemia achieved by
renal artery perfusion [22]. Fifteen patients with a
mean tumor size of 2.7 cm (range, 1.5-4 cm) were
studied. Cold ischemia was achieved by continuous
perfusion of cold Ringer’s lactate (4°C) at a rate of
50 ml per minute through an angiocatheter that was
passed into the main renal artery via a percutaneous
femoral puncture. To diminish the risk of catheter dis-
lodgement, the procedure was performed in the oper-
ating room by an interventional radiologist. The renal
hilum was dissected and the artery occluded with a
tourniquet, allowing tumor excision in a bloodless
field. Mean operative time was 185 min (range, 135-
220 min). Mean ischemia time was 40 min (range, 27-
101 min), and renal parenchymal temperatures were
25°C. Although feasible, this technique has the poten-
tial for renal arterial intimal injury and thrombosis,
femoral artery puncture site sequelae, and catheter
slippage. Furthermore, the need to involve an inter-
ventional radiologist, and the inability to use this
technique in the presence of atherosclerotic, multiple,
aberrant, or small-diameter renal arteries may limit
its application.

Hemostatic Aids

Although various techniques of parenchymal hemosta-
sis have been reported [23-25], their lack of reliability
has prompted us to employ intracorporeal suturing
exclusively. Physical means of circumferentially com-
pressing the kidney include renal parenchymal tourni-
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quets and cable tie devices that have been tested to
achieve vascular control during a polar partial ne-
phrectomy [26-28]. Although effective in the experi-
mental setting of a smaller porcine kidney, these de-
vices are clinically unreliable in the larger human kid-
ney.

Fibrin sealants have been studied for a variety of
urological applications [29]. The basic mechanism of
action is to facilitate fibrinogen to fibrin conversion.
Thereafter the soluble fibrin monomers are cross-
linked to form insoluble fibrin that seals transected
vessels. Concerns with this technology include single-
donor cryoprecipitate-derived fibrinogen, which does
not entirely eliminate the risk of viral disease trans-
mission, bovine-derived thrombin (allergic reaction
and potential transmission of prion diseases), and
lastly these products often require two components to
be mixed and/or sequentially applied, placing further
demands on the surgeon in the laparoscopic arena.

A more readily applicable and user-friendly sealant,
FloSeal has been incorporated into our current tech-
nique and applied in the most recent 50 patients. It is
a highly effective adjunct in maintaining hemostasis.
It is easily prepared within minutes and immediately
effective. The gelatin matrix thrombin composite in
FloSeal mechanically slows down bleeding and pro-
vides exposure to a high thrombin concentration,
which accelerates long-term hemostasis by clot forma-
tion [30]. FloSeal has been used to achieve hemostasis
during open and laparoscopic partial nephrectomy for
exophytic tumors that did not require closure of the
collecting system [30, 31]. In the future, we believe
that potent bioadhesives will assume a primary rather
than adjunctive role in obtaining renal parenchymal
hemostasis during laparoscopic partial nephrectomy.

Conclusions

Laparoscopic partial nephrectomy is an evolving tech-
nique indicated in select patients who are candidates
for nephron-sparing surgery. Experience with laparo-
scopic partial nephrectomy continues to grow and is-
sues of renal ischemia and hemostasis are being ad-
dressed in the laboratory. Although the short-term on-
cological adequacy of laparoscopic partial nephrec-
tomy is equivalent to open partial nephrectomy, long-
term data are required.

Laparoscopic partial nephrectomy is a technically
advanced procedure that requires application of the

complete laparoscopic skill-set in a time-sensitive en-
vironment. However, it is the only form of minimally
invasive treatment for localized renal cell carcinoma
(RCC) that replicates the steps of open partial ne-
phrectomy, the current gold standard of care. Thus,
until the true therapeutic efficacy of energy ablative
techniques is established, laparoscopic partial ne-
phrectomy should be considered the primary form of
minimally invasive NSS for localized RCC.
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Introduction

The calendar year 2002 brought 31,800 new cases of
cancer of the kidney accompanied by 11,500 deaths
[1]. Historically, a large percentage of new renal can-
cer cases were discovered with metastasis, and even
now one-third of renal cell carcinoma patients present
with metastatic disease [2]. Due primarily to the wide-
spread use of CT scanning, MRI, and ultrasound, con-
temporary series show increased rates of early discov-
ery of renal tumors; over 50% of renal cell carcinomas
(RCCs) now present as incidental findings [2, 3].

Effective control of renal cancer has historically
been only by open surgery, with radical nephrectomy
[4]. As a result of the trend towards early diagnosis of
incidentally discovered small renal masses, modern
surgical treatment has evolved. Partial nephrectomy,
originally a procedure for patients with solitary kid-
neys or compromised renal function, emerged as the
treatment of choice for renal masses smaller than
4 cm, even in patients with normal contralateral kid-
neys. Outcomes for cancer control and renal function
after partial nephrectomy has been equivalent to re-
sults of radical nephrectomy [5, 6]. Numerous ne-
phron-sparing options now exist to complement open
partial nephrectomy, including laparoscopic partial
nephrectomy and tissue ablative techniques such as
cryoablation, radiofrequency (RF) ablation, high-in-
tensity focused ultrasound (HIFU), microwave ther-
motherapy, interstitial laser therapy, and Cyberknife
technology.

Of the tissue ablative options, the most clinical data
exist on cryoablation. RF has been shown to be effec-
tive in the treatment of liver lesions, and clinical re-
sults are coming forth regarding its potential in the
treatment of renal lesions. HIFU, microwave thermo-
therapy, interstitial laser therapy, and Cyberknife tech-
nology exhibit potential for future application in the
treatment of renal cancer, but still warrant further in-
vestigation.

Mechanisms of Tissue Ablation

Cryoablation

Although mechanisms of tissue destruction are not
completely characterized, it is postulated that cryoab-
lation destroys tissue in both an immediate and a de-
layed manner [7]. Initially, rapid freezing forms cyto-
toxic intracellular ice crystals. The freezing process
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also causes extracellular ice crystal formation, increas-
ing the extracellular osmotic concentration. As water
follows the gradient into the extracellular space, the
intracellular space becomes hyperosmotic, resulting in
pH changes and protein denaturing. When the tem-
perature falls further, extracellular ice crystal forma-
tion mechanically disrupts cellular membranes. Ensu-
ing freezing of the cell physically damages the mem-
branes, proteins, and cellular organelles. Damage to
the vasculature within the ice-ball causes hyperperme-
ability of the microcirculation, resulting in thrombo-
sis, vascular occlusion, regional tissue ischemia, and
edema, leading to delayed cell death [8, 9]. Initial re-
ports indicated that the critical temperature to ensure
cell death is -40°C [7]; however, subsequent studies,
using a single-freeze cycle and monitoring tissue with
thermosensors, have shown complete cell death at
temperatures below -19.4°C [10]. Canine studies show
that the ice-ball must extend at least 3.1 cm beyond
tumor margins in order for the margin to achieve the
necessary -20°C [11]. To ensure adequate treatment of
the margins in clinical use, some recommend the ice-
ball be extended 1 cm beyond tumor margin [12].
Although elements of tissue destruction are
achieved with both the freeze and thaw processes,
continued investigation remains to be performed to
determine the optimal cycle of therapy (number of
freezes, length of freeze, type of thaw [active vs pas-
sive]). Some studies show no difference in renal tissue
ablation when comparing single vs double-freeze or
active vs passive thaw [13, 14]. Others recommend a
double-freeze cycle to improve cell death at margins
[12, 15, 16]. Renal technique is largely based on avail-
able treatment data of hepatic tumors, primarily uti-
lizing double-freeze cycles [17-19]. Single-freeze cy-
cles effectively ablate normal renal parenchyma [20],
but tumor models have not been developed to corro-
borate the minimum number and type of freeze/thaw
cycles necessary for complete cell death. Double-freez-
ing in an animal model results in a larger area of cen-
tral liquefaction necrosis [14, 21]. Investigators have
also found that with a double-freeze, passive thawing
had no advantage over an active thaw [13, 21]. How-
ever, contrasting studies suggest that passive thawing
does maximize tissue destruction [16]. While cell
death is certain in the central area of liquefaction ne-
crosis, the tumor margin is the area of concern. The
dual-freeze technique increases physical damage to tu-
mor cells, and a passive thaw may help to maximize
tumor destruction. Unless new experimental results

dictate otherwise, we believe double-freeze cycles with
either active or passive thawing is adequate for renal
cryoablation.

Radiofrequency Ablation, HIFU,
Microwave Thermotherapy,
Interstitial Laser Therapy

Radiofrequency, HIFU, microwave thermotherapy, and
interstitial laser therapy all induce thermal tissue
damage. The pathophysiology of thermal ablation has
been well characterized [22]. When exposed to tem-
peratures above 45°C, cells undergo irreversible in-
jury. At temperatures above 60°C, instantaneous cell
death occurs due to coagulation of proteins, cellular
structures, and nucleic acids within the cell. The coag-
ulation necrosis from the treated area is reabsorbed,
with resultant formation of fibrosis.

Radiofrequency Ablation

Radiofrequency ablation employs electrical current
around its probe tips to use heat to destroy tissue.
When absorbed by tissue, the electrical current causes
agitation of ions, resulting in molecular friction and
heat up to 100°C. RF ablation may be performed in
several different ways, including conventional (dry)
RE, saline augmented (wet) RE, cooled-tip RE, and bi-
polar RE.

During conventional RF ablation, the electrical cur-
rent can be impeded by desiccated tissue that may col-
lect on the probe tips, resulting in smaller lesions and
areas of incomplete treatment, or skip lesions [23-25].
Conversely, other groups have described consistent
successful treatments with conventional RF [26], sug-
gesting that different RF units and/or individual sur-
geon technique may impact outcome.

In wet RF ablation, an electrically conductive medi-
um, hypertonic saline, is infused in the treatment
area. Theoretically, this prevents collection of charred
tissue on the RF probes, allowing the electrical energy
to be more evenly dispersed, for potentially larger,
more consistently treated areas [27], although consis-
tency remains a problem [23]. As with conventional
RF ablation, areas of viable tissue, or skip lesions,
within wet RF lesions have been described [23]. The
cause for the viable tissue may be the pathology of
the RF lesions. Two types of necrosis are seen with
RF: a blanched necrotic lesion, and a predominantly



3.2 Cryoablation and Other Invasive and Noninvasive Ablative Renal Procedures 61

Fig. 1. Photo of prototypical bipolar radiofrequency probe.
(Courtesy of Fred T. Lee, Jr.)

hemorrhagic necrotic lesion [28]. These hemorrhagic
lesions may contain rare living and regenerating cells
[28].

During cooled-tip RF ablation, an additional unit
cools the probe tip, allowing the treatment to proceed
without heat-induced charring and the subsequent un-
desired effects [29]. Cooled-tip RF ablation appears to
have durable results in the short to intermediate time
range, but it must be noted that no pathological ex-
amination of specimens was done to evaluate for skip
lesions.

All monopolar RF units use the patient as the
grounding source, and some uncontrolled thermal dis-
persion is a theoretical concern. Prototype bipolar RF
units with two probes exist, allowing the electrical
current to flow from one probe to another. Bipolar RF
has been described in an animal model, and the ex-
perimental data show larger areas of tissue ablation,
more uniform cell death, and improved monitoring of
the lesion because the lesion can be framed within the
bipolar needles [28] (Fig. 1).

At this time, RF technology is evolving rapidly.
Published reports are not uniform with regard to the
type of RF technology used, intraoperative monitor-
ing, and treatment success. The use of RF for the
treatment of select renal lesions at certain institutions
has been successful in the intermediate time frame. As
RF technology becomes more advanced, uniform
treatment can be expected at all treatment locations.

HIFU

High-intensity focused ultrasound is a noninvasive
method for delivery of heat energy to treat malignant
lesions. Ultrasound waves are focused by a parabolic
reflector into a small, finite area. The focused, high-

intensity ultrasound waves are absorbed by the tissue,
producing heat to 90°C and resulting in tissue abla-
tion only in the area of focused energy [30, 31]. At
this time, HIFU shows capability as an energy source
for the ablation of renal tumors, but must be regarded
as an investigational treatment until further progress
has been achieved. Certainly, if effective, HIFU is the
least invasive treatment available at present.

Microwave Thermotherapy

Transmitted through probes inserted into tissue, mi-
crowaves of 300-3,000 Hz generate heat by oscillation
of the electromagnetic field, with subsequent coagula-
tion necrosis of the targeted tissue. The pattern of tis-
sue ablation has several zones of destruction [32].
Forty-eight hours after microwave thermotherapy, in
vivo and in vitro, H&E stains show that closest to the
microwave probe there is a complete ablative zone,
characterized by preservation of the renal architec-
ture. Adjacent to the complete ablative zone is a par-
tial ablative zone characterized by coagulation necro-
sis. In vivo, immediate H&E staining reveals two
zones: adjacent to the microwave probe there is a red
zone of capillary congestion and red blood cell dam-
age. Outside of this red zone, an irregular shaped pink
zone extends in which proteinaceous fluid is seen in
the tubular lumen. At the cellular level, the red zone
surrounds an area of complete necrosis, with a zone
of partial necrosis extending further into the pink
zone. At this time, microwave thermotherapy for treat-
ment of renal tumors remains investigational, but this
mechanism for tissue destruction merits further inves-
tigation.

Interstitial Laser Thermotherapy

After placement of appropriate laser fiber (Diode,
Nd:YAG) into the tissue to be treated, activation of
the laser creates appropriately high temperatures re-
sulting in coagulation necrosis [33]. A preliminary
study involving patients who were not surgical candi-
dates exhibited the ability of the interstitial laser ther-
apy (ILT) to ablate tumor via a percutaneous
approach. Although tumor volume was not signifi-
cantly decreased, enhancing tumor volume was re-
duced by 45% [34]. While ILT shows the potential for
minimally invasive treatment of renal lesions, it re-
mains investigational at this time.
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Cyberknife Technology

Although not classically needle ablation, the Cyber-
knife is a radiosurgical device [35]. Radiotherapy kills
cells by inducing DNA strand breaks (single- and dou-
ble-strand breaks), interfering with cell replication
and resulting in apoptosis. In addition, high-dose ra-
diation can directly kill cells. The Cyberknife, similar
to the Gamma Knife used in neurosurgery, takes 1,200
separate beams of radiation, and focuses them into an
intense dose of radiation in a more discrete area than
conventional radiation therapy. The individual 1,200
radiation beams have low levels of radiation, and in-
duce very little effect on tissue, but high-radiation
doses are delivered to the focal point, destroying tar-
get tissue while sparing surrounding structures.

Indications and Contraindications

Minimally invasive therapies are generally not recom-
mended for lesions larger than 4 cm in size. Tumor
margins and adequate cell death are the area of most
concern from a standpoint of oncological treatment,
and larger lesions are more likely to have incompletely
treated margins. Minimally invasive therapies are well
suited for patients with multiple masses (Von Hippel-
Lindau), bilateral masses, solitary renal units, or
chronic renal insufficiency due to the renal-sparing
nature of these treatments. Exophytic lesions are the
most straightforward to treat; they are the easiest to
identify, and may be treated with minimal risk to hilar
structures and the collecting system. Coagulopathy is
an absolute contraindication, because of the risk of
acute or delayed hemorrhage.

Hilar lesions should be avoided; placement of
probes as well as activation of the energy system
could cause bleeding from large hilar vessels. Further-
more, impingement on the collecting system, likely
during treatment of hilar lesions, risks postoperative
urine leak. In addition, hilar lesions pose an addi-
tional problem for cryoablation. The blood flow
through the larger vessels creates a heat sink in the
area adjacent to the vessel, interfering with progres-
sion of the cryolesion.

Ideally, masses to be treated with these therapies
would enhance on CT or MRIL In addition to a higher
likelihood of being benign, the nonenhancing quality
negatively impacts the quality of the surveillance. As
no tissue is formally removed, the treated area is ex-

pected to form a scarred lesion, which should be
nonenhancing and either stable or decreasing in size
on follow-up imaging. An increase in size or develop-
ment of an enhancing area would be indication for re-
treatment or surgical removal of the lesion.

It should be noted that at this time, these mini-
mally invasive treatments have not had long-term fol-
low-up, and consequently must not be considered as
durable a therapy as partial nephrectomy.

The role of operative renal biopsy with needle abla-
tion is often debated. While there are clear benefits in
follow-up plans and a potential treatment plan, many
investigators choose not to perform a renal biopsy at
the time of treatment. Certainly, in most cases, the
biopsy data have little effect on the treatment plan, as
many focus on the radiographic follow-up. In time, as
more potential surgical candidates or younger patients
elect needle ablative techniques, renal biopsy will gain
renewed interest.

Preoperative Planning

The standard workup of a renal mass should be com-
plete before deciding on the surgical approach. There-
fore, the evaluation should be the same as for an open
radical nephrectomy. Renal function should be evalu-
ated with a serum creatinine. If the creatinine is ele-
vated, or if the radiological imaging reveals an abnor-
mal contralateral kidney, a differential renal scan may
be considered. A metastatic survey should include an
abdominal CT scan, a PA and lateral chest X-ray or
chest CT, and a serum calcium and alkaline phospha-
tase. A bone scan is advised for patients with elevated
calcium, elevated alkaline phosphatase, or a recent on-
set of symptomatic bone pain [2].

Patients should undergo bowel prep the night be-
fore surgery with the agent of choice so that in the
case of inadvertent injury to the bowel, primary repair
may be performed. For tissue ablation, most use one
bottle of magnesium citrate.

Techniques

Cryoablation, RF, and microwave thermotherapy could
potentially be performed via laparoscopic access [12,
24]. Cryoablation, RE, and interstitial laser thermo-
therapy have been described through percutaneous ac-
cess [34, 36, 37]. Although still experimental in nature,
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HIFU and the Cyberknife deliver energy transcuta-
neously, potentially representing the least invasive
treatment modalities.

Equipment

Cryoablation is delivered via cryoprobes, which are in-
sulated instruments that are supercooled at the tip
using either liquid argon (-187°C) or liquid nitrogen
(-195°C). The supercooled tip forms a cryolesion, or
ice-ball, around the tumor. Cryoprobes are available in
various diameters to tailor therapy for varying situa-
tions. Cryoprobes can be advanced through laparo-
scopic ports or placed percutaneously. Laparoscopic
intraoperative ultrasound monitors probe placement
and ice-ball progression.

Radiofrequency requires RF probes and the genera-
tor to supply the electrical current that supplies heat
for tissue ablation. Laparoscopic ultrasound can be
used for placement of the probe, but may not show
accurate progression of the treatment. Experimental
treatments such as microwave thermotherapy, intersti-
tial laser treatments, HIFU, and Cyberknife technology
require their delivery systems and energy generators.

Laparoscopic Positioning

For anterior and anterolateral lesions, the authors em-
ploy a transcutaneous laparoscopically-assisted access.
The patient is positioned in a modified flank position.
Although the table may be rotated to more of a flank
during the case to allow the bowel to fall away and fa-
cilitate dissection, initial positioning consists of a
modified flank position with the abdomen aimed
slightly more anteriorly (Fig. 2). For posterior or pos-
terolateral lesions, the patient is placed in the full

Fig. 3. Schematic for retroperitoneal
cryoablation, with patient positioning
and port position
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Fig. 2. Schematic for transperitoneal cryoablation, port con-
figuration

flank position to facilitate retroperitoneal access
(Fig. 3). The kidney rest is raised sparingly to avoid
neurological or pressure injuries, and the table is
minimally flexed (15-20°). The downward leg is
flexed, and the knee and ankle are well padded with
foam or gel pads. The upward leg is straight and well
supported with pillows. The lower arm is well padded
at the elbow and wrist, and an axillary roll is placed.
The upper arm is placed on enough pillows to keep it
in a relaxed position. The patient is carefully exam-
ined to ensure that no points of excess pressure exist.
Areas of concern should receive additional padding or
change of position. Wide cloth tape affixed to the bed
and placed over the shoulder and greater trochanter

instruments
retraction
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increase stability. Tape blisters are avoided by placing
towels or Tegaderm between the cloth tape and the
skin. The patient’s entire abdomen and flank is then
prepped and draped.

Intraoperative Monitoring

Accurate monitoring of laparoscopic cryolesions is ac-
complished with intraoperative laparoscopic ultra-
sound probes. The cryolesion may be monitored with
real-time sonography performed by a radiologist ex-
perienced in laparoscopic ultrasound, which we be-
lieve better confirms adequate treatment of the mar-
gin. The authors use a laparoscopic high-resolution
linear ultrasound transducer (Lap L9-5, HDI 5000,
Bothell, WA) that fits through a 10-mm port. The tip
of the transducer probe deflects in the anterior-poste-
rior and medial-lateral directions to allow viewing of
the advancing cryolesion from different angles
(Fig. 4). Investigators who perform cryoablation via
percutaneous methods usually monitor the cryolesion
with MRI [37].

* perinephric fat

Lap
tetrad

ultrasound

probe

Monitoring of the RF-induced lesion has proven
more difficult. The RF interferes with the ultrasound
probe, preventing the outermost extent of the RF le-
sion from being accurately monitored [23, 24]. CT
scanning has been used for monitoring of RF during
percutaneous treatment [36, 38], but is not available
for use during laparoscopic exposure. Accurate moni-
toring of the lesions caused by RF is important, be-
cause the lesions are not as uniform or consistent as
those created during cryoablation [23]. Bipolar RF
may prove to have advantages with monitoring, as the
needle may be used to frame the lesion to be ablated
[28].

Wisconsin Technique
for Laparoscopic Cryoablation
of Renal Tumors

Laparoscopy is utilized for exposure of the renal mass.
Three trocars are placed for either approach; a fourth
5-mm port is sometimes employed for liver retraction.
Cryoablation is performed using an argon gas-based

Fig. 4. Intraoperative monitoring
schema, with ultrasound probe and
cryolesion visible transperitoneally
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system that operates on the Joule-Thompson principle
(Accuprobe, Endocare, Irvine, CA). Cryoprobes are
available in diameters of 2.4 mm (sharp tip), 3.0 mm
(blunt), and 5.0 mm (blunt). The number and size of
cryoprobes used in individual cases vary because of
differences in tumor size and location. The smaller

cryoprobes (2.4, 3.0 mm) are often passed percuta-
neously because of the relatively short shaft length;
the 5.0-mm probe has more flexibility for placement
given the longer shaft, and may be placed laparoscopi-
cally or percutaneously. After ultrasound confirms
proper probe placement, cryoablation is initiated

Fig. 5. a CT of 2-cm renal lesion, untreated. b One month follow-up MRI. ¢ Three month follow-up MRI: note minimal
enhancement. d Seven month follow-up MRI, with no enhancement and lesion contraction
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using two 10-min freeze cycles followed by passive
thaws. The freeze cycles continue until the ice-ball
edge is 1 cm beyond the tumor margin. When probes
are placed percutaneously, the abdominal wall is pro-
tected from cryoinjury by placing red rubber catheter
tubing over the probe. The skin is protected by drip-
ping saline onto the skin at the probe entry site. The
probes are not removed from the cryolesion until they
are released spontaneously during passive thawing.
After careful probe removal, a small piece of rolled up
Surgicel can be placed in the defect of the cryoprobe
and held with direct pressure for 10 min. With the in-
sufflation pressure decreased, the cryolesion is ob-
served for 15 min to confirm hemostasis. Additionally,
fibrin glue may be injected into the cryoprobe defect
to control venous bleeding.

Postoperatively, serial serum hematocrits are ob-
tained for 24 h. MRI is obtained on postoperative
day 1, and at 3, 6, 9, and 12 months, then yearly; if a
lesion does not shrink appropriately, more diligent fol-
low-up is required (Fig. 5A-D). We obtain MRI scans
with T,-weighted, T,-weighted, and gradient echo
images performed before, during, and after gadolini-
um-based intravenous contrast.

Complications

Complications of minimally invasive therapy are simi-
lar to those of partial nephrectomy, but special consid-
erations should be made to avoid unnecessary mor-
bidity. Using open cryoablation, Rukstalis et al. de-
scribed a renal laceration in the cryoablated area that
required sutures for hemostasis, and several capsular
tears managed with direct pressure in open cryoabla-
tion [39]. To minimize trauma, cryoprobe removal
should be done passively after the cryolesion has
thawed adequately to release the probe [12, 23]. To
stop bleeding, direct pressure with hemostatic agents
is applied to the cryoprobe defect for 10 min, followed
by observation for 10-15 min (under reduced insuffla-
tion pressure) [12]. In one percutaneous cryoablation
series, small perinephric hemorrhages were seen in
20% of the patients (n=20) [37], and 25% of the pa-
tients (n=4) in another percutaneous cryoablation se-
ries [40]. Although these were managed conservatively
without need for transfusion, they illustrate the poten-
tial of serious bleeds with cryoablation, especially in
percutaneous procedures, where bleeding cannot be
visually monitored. Furthermore, a chronically anemic

patient from a laparoscopic series [15] experienced a
drop in hemoglobin (11.6 to 9.2) resulting in atrial fi-
brillation and requiring transfusion. Laceration of the
liver caused by a fan retractor has been described; the
patient was managed conservatively without transfu-
sion [12].

To avoid inadvertent contact and subsequent injury,
adjacent organs need protection from the cryolesion.
Pancreatic injury [15], ureteropelvic junction stricture
[11, 29], and complete bowel obstruction [41] have
been reported. Results of cryolesion involvement with
the collecting system are unclear. Animal studies with
intentional impingement of the cryolesion on the col-
lecting system revealed minimal scarring of the lami-
na propria and smooth muscle and regrowth of over-
lying urothelium [42]. However, an earlier study by
the same group described a death in an animal due to
urinary extravasation [41]. Involvement of the ice-ball
with the collecting system was also described in an
open human series, and in animal models, no urinary
leak was seen [11, 39].

RE, as well as other ablative mechanisms delivered
laparoscopically, have similar complication profiles re-
lated to the laparoscopic exposure of the renal lesion,
the potential for bleeding, and the possibility of dam-
age to adjacent organs. A series of 37 RF treatments
had eight small, contained, clinically insignificant he-
matomas and one inadvertent burn of the liver; no pa-
tient required transfusion or had delayed hemorrhage
[36]. In another series outlining complications during
RF treatment of liver lesions, it was noted that 0.6%
experienced dispersive pad burn [43].

HIFU also adds the potential for skin burns, which
should be avoidable with proper coupling of the water
cushion [30]. As clinical experience is very limited
with HIFU, the potential for additional complications
remains to be clarified.

Interstitial laser therapy, microwave thermotherapy,
and the Cyberknife technology also have too limited
experience to suggest particular potential complica-
tions.

The Cyberknife is a variation of radiation therapy,
and one might speculate that complications from ra-
diation toxicity may be localized to the treated area.
Since the Cyberknife concentrates the treating radia-
tion onto a focal area, toxicity to surrounding organs
may be minimized.

No adverse systemic effects have been noted after
any of the minimally invasive treatments. During
cryoablation, systemic hypothermia has not been
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noted, and monitoring of renal artery and renal vein
temperatures showed no evidence of hypothermia
[44]. In a porcine model, esophageal temperature de-
creased by only 1-3°F [41]. Clinically, patient core
temperature was unchanged [41].

Experimental Studies

Cryoablation of small tumors does not compromise
renal function in patients with normal baseline func-
tion. A canine model with solitary kidneys showed a
temporary elevation of creatinine compared to base-
line [11]. Bilateral cryoablation in a porcine study also
showed transient elevation of creatinine [41]. In hu-
mans undergoing renal cryoablation, postprocedure
creatinine was not significantly elevated [40, 45]; how-
ever, patients with existing renal insufficiency may
have deterioration of renal function [39]. Also, blood
pressure monitoring has found no significant differ-
ences in preoperative and postoperative blood pres-
sure levels, even in patients with solitary kidneys [45].

Postoperative Imaging

Postoperatively, lesions require close monitoring to
ensure tumor regression. The renal mass may not
completely disappear for a number of months, as it is
replaced with fibrosis, but it should progressively de-
crease in size or become stable. Furthermore, these fi-
brotic scars are not expected to show areas of en-
hancement. Failure to decrease in size after 6 months
or the persistence of enhancing areas should mandate
consideration for renal biopsy, repeat treatment, or
radical/partial nephrectomy. While no set algorithm
exists for postprocedure monitoring, all patients need
close follow-up (every 3-6 months) for 12-18 months,
followed by long-term surveillance, yearly or every
other year, to identify any recurrences.

Results

The laparoscopic approach offers the renal sparing
benefits of open exposure, yet with less morbidity.
The kidney is generally approached transperitoneally
for anterior and lateral tumors, or retroperitoneally
for posterior tumors. After kidney mobilization and
adequate tumor exposure, cryoprobes are placed into

the tumor through the laparoscopic trocars or trans-
cutaneously. Placement of the cryoprobes is monitored
visually and via laparoscopic ultrasound probes. End-
firing ultrasound has also been used for monitoring
probe placement and subsequent therapy [46]. One
published series includes 32 patients with a maximum
tumor size of 4 cm treated with a double-freeze tech-
nique [12]. The hospital stay was 1.8 days (average),
and time to full recovery was 2 weeks (median).
Twenty patients had follow-up MRI at 1 year; five had
no evidence of disease, and 15 had lesions that de-
creased in size by an average of 66%. Overall, average
follow-up was 16 months (range, 7-23), with no recur-
rence. Twenty-three underwent postprocedure biopsy
of the small residual mass, which were all negative. La-
paroscopic cryoablation offers excellent exposure, accu-
rate ultrasound monitoring, and nephron-sparing po-
tential while remaining minimally invasive. Currently,
available intermediate results appear durable, but longer
follow-up is needed. Our series to date at Wisconsin in-
cludes 31 patients treated laparoscopically, with one re-
currence and mirrors other experiences.

RF ablation has neither as many clinical series nor
the length of follow-up when compared to cryoabla-
tion. One study includes 34 high-risk patients who
underwent percutaneous RF treatments for 42 tumors
[29]. Although this series appears to show successful
treatment of exophytic lesions, other studies have
shown incomplete tissue ablation in the target area
[23, 25, 47]. The reason for the failures is not known.
Some believe that incomplete tumor treatment is due
to the shortfalls of dry RE and that saline-augmented
treatments will prove superior. However, wet RF cre-
ates lesions that are irregular in shape and variable in
size [23]. With irregularity of lesions preventing pre-
dictable treatment areas, the difficulty obtaining accu-
rate radiologic monitoring is of paramount concern.
Monitoring of temperature in adjacent renal tissue to
follow the RF lesion has been described in an experi-
mental model and may help characterize how the RF
lesion progresses [48]. RF treatment failures may have
occurred as a result of inadequate treatment caused by
limited operative monitoring.

Comparison of Cryoablation and RF

Both cryoablation and RF are potential additions to the
treatment armamentarium for renal masses. Intermedi-
ate data of cryoablation is promising, and data of treat-



68 P.S. Lowry, S.Y. Nakada

ment with RF is emerging. At this point, cryoablation
appears to have advantages over RE At this time, larger
studies with longer follow-up give more credence for
treatment with cryoablation. Cryoablation is easily
monitored intraoperatively with ultrasound, yet RF pre-
sents a challenge in attempting to monitor progression
of treatment. Lesions created with cryoablation are pre-
dictable, with homogenous destruction of tissue within
the cryolesion; RF has not yet been refined to produce
regular, predictable lesions, and potential viability of
treated tissue remains a concern. Cryolesions produce
an area with predictable tumor destruction, with only
the margin being of concern.

Longer follow-up of patients treated with RF will
answer questions regarding the adequacy and durabil-
ity of RF ablation. Benefits of RF include the outpa-
tient nature of the treatment, and further support its
role in patients who are not good candidates for sur-
gery or anesthesia. Undoubtedly, with time, RF or
other thermal ablative techniques will prevail for
many patients. In the future, carefully controlled clini-
cal trials will be necessary to confirm their efficacy, as
well as to establish their role compared to surgical re-
section, the current standard of care.

Conclusion

As five-year follow-up nears, urologists will soon be
able to confirm the durability of renal cryoablation.
Nevertheless, investigators must delineate methods
that will ensure cell death at margins of the cryole-
sion, and to further determine the margin for safety
around the collecting system and other vital struc-
tures. The use of radiofrequency ablation continues to
become more widespread, but with varying energy
sources, current results are variable. Further investiga-
tion is required to develop more uniform and predict-
able patterns of ablation. Additionally, improved in-
traoperative monitoring of RF ablation will be re-
quired to ensure that lesions are treated completely.
Microwave thermotherapy and interstitial laser thera-
py remain investigational, but have tissue ablative cap-
abilities that need further study. HIFU and Cyberknife
technology are potentially the ideal minimally invasive
ablative therapy, but still require further characteriza-
tion. Improved renal cancer tumor models and lines
are needed, particularly for in vivo studies; this is
especially relevant with the Cyberknife since renal cell
carcinoma is commonly radiation resistant. Further-

more, one must take care when analyzing results of
clinical series of small lesions that have never been
biopsied; the data may not extrapolate to treatment re-
sults of slightly larger renal cell carcinomas as smaller
lesions more commonly are benign lesions or less ag-
gressive cancers. While the potential of minimally in-
vasive ablative techniques are boundless, the future
lies in the options of cryoablation, radiofrequency ab-
lation, and various extirpative techniques.
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Introduction

The standard treatment for most patients with upper
tract transitional cell carcinoma (TCC) is open com-
plete nephroureterectomy (NU) with excision of a cuff
of the bladder and intact removal of the entire speci-
men [1]. This usually requires one long incision or

two separate incisions resulting in significant morbid-
ity and prolonged convalescence [2-8].

Currently minimally invasive techniques allow for
other management options. In selected cases, such as
in solitary kidney, renal insufficiency, bilateral tu-
mours or in patients with high anaesthetic risk, ante-
grade or retrograde nephroscopy/ureteroscopy with
excision and ablation of the tumour can be an option
[9-15]. Most patients, however, require nephroureter-
ectomy. It was Clayman et al. [16] who in 1991 de-
scribed the technique of laparoscopic nephroureterec-
tomy (LNU). In that time it was a very long surgery
with concerns about the oncological outcome.

After more than a decade, progressive acceptance
and apprenticeship of laparoscopy in different centres
all over the world have led to several publications (Ta-
bles 2-4). Transperitoneal (TP) or retroperitoneal
(RP) laparoscopic or laparoscopic hand-assisted (HA)
nephroureterectomy has become another minimally
invasive option for the definitive surgical management
of upper tract TCC [2, 3, 17-21]. Compared with open
nephroureterectomy, this approach results in de-
creased morbidity, better hospital recovery, and briefer
convalescence [2-8].

Indications and Contraindications

The indications for laparoscopic and laparoscopic-as-
sisted NU are the same as those for an open proce-
dure. TCC of the renal collecting system or the ureter
is the most common indication. In patients at risk for
renal failure following nephrectomy and with an early-
stage and low-grade TCC, one should consider a re-
nal-sparing approach. An uncorrected bleeding dia-
thesis is the only absolute contraindication to the pro-
cedure. Chronic renal inflammation is a relative con-
traindication, since risk of complication and conver-
sion is potentially increased.
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Previous major open abdominal surgery can be bet-
ter managed by the RP approach, and therefore is no
longer a contraindication.

In patients with previous pelvic surgery, one should
better proceed to laparoscopy of the kidney and then
an open approach to the lower ureter.

Preoperative Preparation

The diagnoses of upper tract TCC should be con-
firmed by urography or a computed tomography scan
or, as an alternative, by ureteroscopic evaluation and
biopsy. Concomitant TCC should be excluded with
cystoscopy and radiographic evaluation of the contral-
ateral collecting system. In high-grade lesions, de-
pending on the clinical extension, further staging can
include chest radiography, computed tomography scan
of the abdomen, bone scan and liver function tests.

When there is a risk of renal failure after nephrec-
tomy, a preoperative nephrological evaluation will fa-
vour the postoperative management and eventual dia-
lysis. A mechanical bowel preparation is not necessary
in most patients. Prophylactic antibiotics should be
given.

Patient Positioning and Operating
Room Configuration

The intervention consists of two parts in our centre.
In the first part, the management of the distal ureter,
the patient is placed in a dorsal lithotomy position. In
the second part, the NU itself, the patient is placed in
a semilateral decubitus position (60° oblique position)
with the operative table flexed. Pressure points are
padded. The patient is secured to the table at the
chest, lower hip, and knee level with wide cloth tape
to ensure that no patient movement will occur during
the procedure. The bottom leg is flexed and bent while
the top leg is kept straight. Pneumatic stockings are
placed on both legs.

The semilateral decubitus position, with the ipsilat-
eral shoulder and hip rotated approximately 20-30°
upwards, allows for the patient to be rotated from the
flank position to a modified supine position without
having to be repositioned on the table when initiating
an eventual open distal ureterectomy.

Prior to insufflation, all patients are put under gen-
eral endotracheal controlled anaesthesia, a nasogastric

tube and, after a cystoscopic component, if necessary,
a three-way Dufour catheter is inserted.

In a TP approach, the surgeon and his assistant
stand on the contralateral side to the tumour. The
scrub nurse with the instrument table is positioned on
the ipsilateral side at the end of the table. Alterna-
tively, an AESOP robot (Computer Motion, Santa Bar-
bara, CA, USA) can be fixed to the ipsilateral side at
the head of the operating table to hold the camera.

In the RP approach, the patient is placed on the op-
erative table in a standard flank position with the
pathology side facing up. The surgeon and the assis-
tant are positioned facing the patient’s back. The
scrub nurse stands on the opposite side at the end of
the table.

Two monitors, one on both sides of the patient, al-
low the operative team to view the procedure.

Access and Trocar Placement

In our institution, a TP approach with four trocars is
utilized. Intraperitoneal access is initially obtained
with the placement of a 10/12-mm trocar using the
open-access technique at the level of the umbilicus but
lateral to the rectus fascia depending on the obesity of
the patient. A pneumoperitoneum is created by apply-
ing 10-15 mmHg of CO, pressure. Then two 10/12-
mm trocars, one just above the iliac crest in the mid-
clavicular line and another at the level of the umbili-
cus in the anterior axillary line, and a 5-mm trocar,
subcostal in the midclavicular line, are inserted under
view. Additional trocars may be placed as needed for
retraction of the liver, colon, ureter or kidney.

Surgical Technique

Management of the Lower Ureter

The development of endoscopic techniques (pluck or
intussusception) at first allowed an improvement in
the management of the lower ureter in open radical
surgery [22, 23]. The incorporation of laparoscopic
surgery in the radical treatment of TCC of the upper
urinary tract has led to the new approaches in order
to improve technical and oncological results [24-26].
Long-term comparative outcomes will ultimately solve
the dilemma of the distal ureter [27] (Table 1).
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Table 1. Management of the lower ureter: advantages and disadvantages of the different techniques

Technique

Advantages

Disadvantages

Open surgery

Pluck procedure Simple

Laparoscopic
stapling

Intussusception

With balloon
occlusion

With transvesical
ligation technique

One of the most reliable

Advised in tumours of the distal ureter
and intramural ureter, and in the bladder
Advised in previous pelvic radiotherapy
Easy and simple technique

No learning curve

Less distal laparoscopic dissection

Easy and simple technique

No learning curve
Minimal risk of extravesical seeding
Less distal laparoscopic dissection

Controlled occlusion
No risk of extravesical seeding

Less distal laparoscopic dissection

Controlled occlusion

No risk of extravesical seeding

Less distal laparoscopic dissection
Moderate difficulty

Possible contralateral ureteral com-
promise

Possible inadequate total distal excision
(obese patients)

Compromise of contralateral orifice
Contraindicated for tumours of the distal
ureter and intramural ureter, and in the
bladder

Contraindicated in previous pelvic radio-
therapy

Distal ureter unoccluded (potential extra-
vesical tumour seeding)

Risk of leaving a fragment of the ureter
Contraindicated for tumours of the distal
ureter and intramural ureter, and in the
bladder

Contraindicated in previous pelvic radio-
therapy

Risk of leaving a fragment of the ureter

Learning curve

Contraindicated for tumours of the distal
ureter and intramural ureter, and in the
bladder

Contraindicated in previous pelvic radio-
therapy

Prolonged procedure

Additional ports

Potential to leave viable urothelial tissue
within the staple line

Staples visible at cytoscopy
Contraindicated for tumours of the distal
ureter and intramural ureter, and in peri-
meatal bladder tumours

Extensive distal laparoscopic dissection
Risk of operative injury of the contralat-
eral ureteral orifice

Fluoroscopy required

Two surgical specimens

Extensive transurethral manipulation

Not always successful intussusception of
the ureter

Contraindicated in tumours of the ureter

The Open Method

The distal ureter with bladder cuff is resected through
an open lower abdominal incision at the end of the

This procedure is used when there is a tumour of
the distal ureter and/or in association with synchro-

procedure. This may be accomplished through a stan-
dard Gibson, Pfannenstiel or lower midline incision.
We normally prolong the incision of the lower port.

nous bladder tumour, and also in patients with pre-
vious surgery or radiotherapy of the pelvis.
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The Pluck Procedure

Different variations of this technique have been de-
scribed:

1. Simple

2. With balloon occlusion

3. With transvesical ligation.

Simple

This is the method of choice in our centre and it con-
sists of an endoscopic resection of the ureteral meatus
and its intramural tract until perivesical fat is visual-
ized around the resected ureter. Careful coagulation of
the resected area and ureteral stump is done, and an
indwelling urethral catheter is placed (Fig. 1). During
laparoscopic nephrectomy the ureter is clipped distal
to the tumour site prior to manipulation of the kid-
ney. This quick procedure facilitates the laparoscopic
dissection of the distal ureter and its release from the
bladder wall is reasonably easily obtained [28, 29].

A modification of this technique has been de-
scribed, which consists of meatal circumcision with a
hook electrode or Collins knife until perivesical fat is
visualized, until the ureter is freed of all perivesical at-
tachments [30] (Fig. 2). Lin et al. [31] proposed to do
first the nephrectomy and then the transurethral pluck
procedure. This timing may decrease the risk of cell
seeding, since the pluck procedure is the last step of

the surgery. This is how Wong et al. [32] proceed after
TP HA NU, as do Kawauchi et al. [7] after the same
RP procedure. Operative time is decreased, since there
is no repositioning on the operating table.

Balloon Occlusion
A ureteral catheter is inserted and endoscopic resec-
tion of the intramural portion is done.

Once the ureter is detached from the bladder with
the pluck procedure, the ureteral catheter is exchanged
for a 7F occlusion balloon catheter. The balloon is in-
serted in the renal pelvis (or below a proximal ureteral
tumour if present) and snugged down to isolate the
tumour-bearing portion of the collecting system. The
balloon is left inflated until the distal ureter is
“plucked” from the bladder laparoscopically after the
nephrectomy [6].

Transvesical Ligation

The most complicated approach to the lower ureter
uses a transurethral Collins knife and two transvesical
needlescopic instruments for the dissection of the ure-
teric orifice, with placement of a loop suture around
the ureteric stump [24]. The patient is placed in the
lithotomy position. Under cytoscopic control, the 2.2-
mm needlescopic ports are inserted suprapubically
into the bladder (Fig. 3). The wureteral origin is
grasped and with a 24-F resectoscope is circumferen-
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Fig. 1a-c. Cross-section of intramural portion of ureter (a) in pluck simple technique (b) after partial resection of the intra-

mural portion and the complete resection (c)
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Fig. 2a-c. Cross-section of intramural portion of ureter (a) in pluck simple technique with circumferential incision after par-

tial (b) and complete incision (c)

tially detached with an adequate bladder cuff. Extra-
vesical fibrofatty attachments of the juxtavesical ureter
are released. Then the ureter is occluded by cinching
down the endoloop. A 22-F urethral Foley catheter is
left indwelling. Then the patient is repositioned in the
ipsilateral standard flank position for the kidney pro-
cedure.

As an alternative, during hand-assisted LNU, a sin-
gle 10/12-mm bladder trocar can be used to introduce
a 24-F offset nephroscope. With a Collins knife ad-
vanced through its working channel, the ureteral ori-
fice is circumferentially incised; the HA port allows
tactile manipulation [25]. This variation avoids trans-
urethral instrumentation and repositioning of the pa-
tient (Fig. 4).

Extravesical Stapling

Initially, a ureteral dilating balloon catheter is inserted
into the affected ureter over a fluoroscopically posi-
tioned Bentson guidewire. The balloon is inflated to
less than 1 atm of pressure and left in position. Using

a 24F resectoscope equipped with an Orandi electro-
surgical knife, the ureteral orifice and ureteral tunnel
are incised anteriorly, exposing the underlying surface
of the inflated balloon. The edge of the incision is ful-
gurated with a ball electrode to maintain hemostasis.
After deflation and removal of the dilating balloon
catheter, an occlusion balloon catheter is advanced
fluoroscopically over the Bentson guidewire into the
renal pelvis. The balloon is inflated and positioned at
the ureteropelvic junction. With the ball electrode, the
interior of the now opened ureteral orifice and uret-
eral tunnel is completely fulgurated. The Bentson
guidewire is then replaced with an Amplatz super stiff
guidewire. A sidearm adaptor, passed over this guide-
wire, is fixed to the end of the occlusion balloon cath-
eter for drainage. Alongside this catheter, a Foley ure-
thral catheter is inserted. Both catheters are firmly
joined and placed in a sterile bag.

The rest of the procedure related to the distal ureter
is continued after the nephrectomy.

Landman et al. [33] proposed first doing the NU
and stapling and after termination of the laparoscopic
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Fig. 3a-c. Pluck transvesical ligation technique: a needle-
scopic ports with endoloop, b circumferential attachment of
bladder cuff with Collins knife, ¢ endoloop cinched down
occluding the ureter
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Fig. 4. Pluck transvesical ligation technique modified: one
of the surgeon’s hands elevates the hemitrigone and the
other, through one transvesical port, the bladder cuff is re-
sected

part, they perform cytoscopy and unroofing of the ur-
eteral orifice using an Orandi or Collings resectoscope
electrosurgical knife until the staples are visualized.

Intussusception

Intussusception consists of removing the kidney first
and a proximal ligature and section of the proximal
ureter. Then the upper portion of the distal ureter is
dissected and a ligature is placed just above the tip of
the Chevassu catheter and another one just below the
bulb of it. The flank incision is closed.

The Chevassu catheter is pulled out and under di-
rect cytoscopic vision, an invagination of the ureter
down into the pelvis and into the bladder is obtained.
The resectoscope or Collins knife is inserted into the
bladder and a circumferential section of the ureter
and its attachments to the bladder is performed [39,
60-62] (Fig. 5). The ureter is extracted through the
bladder and urethra. In 10% of cases, it is not possible
to complete intussusception and conversion to open
surgery is needed [38].

A complication rate of 10% has been described:
catheter breakage, the impossibility of urethral pro-
gression, anchorage of the pelvic ureter, and urethral
stricture [38].

Fig. 5a, b. Intussusception technique: after transection of the ureter during nephrectomy, the ureter is tractioned (a) and

then the intramural portion is excised (b)
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Laparoscopic Nephrectomy

Three laparoscopic techniques exist to perform ne-
phrectomy. We will only mention the different possib-
ilities, since the techniques are described in detail in
other chapters.

Pure Laparoscopic Transperitoneal Approach

The renal part of the laparoscopic dissection is identi-
cal to a laparoscopic TP extrafascial total nephrec-
tomy, except the ureter is clipped distal to the tumour
site and left intact. The adrenal gland is routinely
spared, provided that previous imaging showed no ob-
vious signs of disease. The procedure may include RP
lymph node dissection. Usually dissection begins with
incision of the line of Toldt from the hepatic or splen-
ic flexure down into the pelvis across the iliac vessels
(Table 2).

After identification of the ureter and clipping it
distal to the tumour site, the gonadal vessels are di-
vided. Then the hilum is dissected and the renal ar-
tery transected between clips. The renal vein is di-
vided with an endovascular gastrointestinal anastomo-
sis (GIA) stapler. With vascular control ensured, the
kidney and proximal ureter are dissected free.

Hand-assisted Transperitoneal Approach

After pneumoperitoneum is achieved, the hand-assis-
tance device is positioned in a 7-8-cm periumbilical
midline incision or in the lower quadrant according to
the surgeon’s preference. With this device, the sur-
geon’s hand can be used for retraction and blunt dis-
section, thus taking advantage of the incision required
for intact removal of the specimen. HA seems to re-
duce the operative time and to shorten the learning
curve for laparoscopic nephrectomy [33] (Table 3).

Retroperitoneal Approach

RP access is initially obtained via the open Hasson
technique. A 1.5-cm incision is made under the 12th
rib on the posterior axillary line in front of the sacro-
iliac muscles. The RP space can be developed by blunt
digital dissection and consequent balloon dissection.
Trocar-mounted balloons are available, allowing direct
visualization while the space posterior to Gerota’s fas-
cia is dissected. Then, three to five RP trocars can be
placed. The pneumoretroperitoneum is created by ap-
plying 10-15 mmHg of CO, pressure. The posterior

face of the kidney is further dissected along the psoas
muscle until the renal pedicle is identified. In this
approach the renal artery is dissected, clipped and cut
before control of the renal vein (Table 4).

The ureter is dissected as far as possible towards
the pelvis. Subsequent dissection includes the perire-
nal fat and Gerota’s fascia. The kidney is left in the RP
cavity.

Lymphadenectomy Technique

We do not perform lymphadenectomy (LDN) routine-
ly. Klinger et al. [8] advise doing it as a staging proce-
dure and they include all hilar and ventral caval (right
side) or ventral aortic (left side) lymph nodes.

Ending of the Procedure and Extraction
of the Specimen

The alternatives depend on the chosen preparation of
the intramural ureter and the approach used in the
nephrectomy.

Whatever technique is used, intact specimen retrie-
val is preferred. If a total laparoscopic or retroperito-
neoscopic technique was used, the intact specimen is
placed in a retrieval bag and extracted through a
small midline incision incorporating a trocar site.
After using the laparoscopic HA or open approach to
the distal ureter, the specimen can be removed by the
surgeon’s hand.

The specimen can be removed with different inci-
sions according to the surgeons preference (lower
midline, Pfannenstiel, lower quadrant, flank incision)
(Fig. 6).

The Open Method

The patient is repositioned in a supine position or
sometimes it is enough just rotating the operating ta-
ble 30-40°, thus allowing the surgery to be done with
the patient in slight lateralization. Via a short iliac ip-
silateral muscle-splitting incision (Gibson incision) or
a lower midline incision, the entire distal ureter with
a small bladder cuff is dissected and secured, as in
open surgery. The Gibson incision is preferred if the
distal ureter could not be freed laparoscopically to the
level of the iliac vessels. In this option, there is no
need for any transurethral preparation. The bladder
can be closed with reabsorbable sutures. The incision
is closed in the standard fashion.
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Table 3. Comparison of transperitoneal hand-assisted nephroureterectomy

Not explained Not explained Not explained

Author Stifelman Chen
et al. [55] et al. [56]

Journal Urology Urology

Year 2000 2001

Number of 22 7

patients

Distal ureter Transvesical Open

Time (hours) 4.5 3.7

Mean blood 180 140

loss (ml)

Hospital stay 4.5 7.3

(days)

Morbidity (%) 5 0

Open conver- 0 0

sion (%)

Global recur- 27 14.3

rence (%)

Bladder 18 14.3

Local 0 0

Distant 9 0

metastasis

Follow-up 13 6

(months)

Lymphade-

nectomy

Positive nodes 0 0

Seifman
et al. [6]
Urology

2001
16

1 Stapling

13 Pluck bal-

loon

3 Open
53

557

3.9

38
6.2

18.7
18.7
0
0

19

0

Landman
et al. [33]
J Urol
2002

16

Stapling

4.9
201

4.5

311
27
18.7

9.6

Uozomi

et al.? [57]
J Endourol
2002

10

Open

7.6
462

No data

40

No data

No data

Chueh

et al. [20]

J Urol

2002

7 (14 kidneys)

Open
(midline)

218
8.8

14.3

o

0

5.6

Kawauchi
et al. [7]
J Urol
2003

34

6 Intussuscep-
tion

25 Pluck

3 Open

3.9

236

13

6
0
6

13.1

Not explained Not explained Not explained Not explained

0

0

0

0

@ Retroperitoneal hand-assisted

Fig. 6. The most common incisions
used in NU laparoscopy: 1, 2 midline
supra- and infraumbilical, 3 Pfannen-
stiel, 4 lower quadrant/Gibson, 5 flank
incision
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Author Chung Hsu Salomon
et al. [58] et al. [5] et al. [59]

Journal Minim Urology J Urol
Invasive Ther

Year 1996 1999 1999

Number of 7 5 4

patients

Distal ureter Open Transvesical ~ Open

Time (hours) 4.6 5.6 5.7

Mean blood No data 150 220

loss (ml)

Hospital stay 9 2 5.7

(days)

Morbidity (%) 14 0 0

Open con- 14 0 0

version (%)

Global recur- 14 No data 25

rence (%)

Bladder 14 0

Local 0 25

Distant 0 0

metastasis

Follow-up 12.6 9 19

(months)

Lymphade- Not explained Not explained No data

nectomy

Positive nodes 0 0 1

Gill Goel Matsui Yoshino

et al. [3] et al. [4] et al. [48] et al. [60]
World J Urol  Urology Urology

2000 2002 2002 2003

42 9 17 23

Transvesical  Open Open Stapler

3.9 3.1 478 4.8

242 275 151.1 304

23 5.1 2.7 No data

12 0 11.7 0

5 11.1 0 0

26 22.2 35 26.1

19 0 29 17.4

0 0 6 0

7 222 0 8.7

11.1 15 8.8 15

Not explained Not explained Some cases  Yes

2 0 0 2

The Pluck Procedure

Because the ureter was previously completely detached
from the bladder, the laparoscopic dissection of the
ureter need only be continued down to the level of the
iliac vessels. Gently pulling the ureter cephalad, while
dissecting around it distally, eventually results in its
release from the bladder. Recognition of the coagu-
lated distal ureter stump or previously placed loop su-
ture confirms complete resection. The small opening
in the bladder is not closed.

We normally remove the specimen in a retrieval
bag through a prolongation of the lower-port incision.

Extravesical Stapling

In the first step, the ureter has been unroofed. The ur-
eter is laparoscopically dissected caudal into the pel-
vis. When crossing it, the superior vesical artery, the
vas deferens or round ligament and the medial umbili-
cal ligament are clipped and transected.

When the detrusor muscle fibres are identified at
the ureterovesical junction, an area of bladder adventi-
tia around it is cleared. With a grasping forceps the
ureter is retracted superior and laterally, thereby tent-
ing up the bladder wall at the ureterovesical junction.
After withdrawing the ureteral occlusion balloon cath-
eter and supra stiff guidewire, the bladder cuff is se-
cured by firing a 12-mm laparoscopic GIA tissue sta-
pler. Filling the bladder can be done to role out any
extravasation (Fig. 7).

Postoperative Considerations

Postoperative care for the NU patient is essentially the
same as that for the nephrectomy patient. However,
the bladder catheter is maintained for 5 to 7 days
postoperatively, at which time a cystogram can be per-
formed to confirm satisfactory bladder closure with
no urinary extravasation. In our institution, the post-
operative follow-up protocol includes urine cytology
studies and cystoscopy every 3 months for the first
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2 years and every 6 months thereafter, as well as
yearly excretory urography and abdominal computer-
ized tomography scan.

General Comments

Surgical Procedure
Approach

The LNU can be performed through the peritoneal
cavity or the retroperitoneum with or without hand
assistance [39-41].

The comparison of the techniques is presented in
detail in other chapters. It has been mentioned that
the TP approach has the potential for intraperitoneal
contamination with cancer cells and the RT approach
allows early control of the renal artery without manip-
ulation of the bowel. From the practical point of view
and facing the global results (Tables 2-4), there is an
important variation in the parameters. They appear to
be more related to the preferences of urologists, prob-
ably due to apprenticeship, and also to the manage-
ment of the lower ureter.

Fig. 7a, b. Extravesical stapling tech-
nique: the lower ureter is dissected
and with cephalad traction, a GIA sta-
pler is placed (a) and fired (b)

Management of the Distal Ureter

Open surgery and the pluck technique, simple and
with balloon occlusion, are the easiest and fastest
methods. The transvesical approach requires a learn-
ing period and is more complex to perform. The lapa-
roscopic stapling leads to an extensive laparoscopic
dissection of the pelvis and paravesical space. These
last two methods are more difficult and time-consum-
ing (Table 1).

In the series examining the TP approach (Table 2),
it is evident that in the centres using the stapling
technique, the surgeries last more than 5.5 h, even
though the differences were reduced in the RP
approach (Table 4).

The intussusception technique is no longer used in
centres dedicated to laparoscopic surgery. This may be
because the ureter needs to be divided, it is difficult
to obtain good attachment of the catheter, and in 10%
of the patients the technique fails [38].

A few case reports of invasive extravesical recur-
rence have been reported, attributed to the simple
pluck technique. We therefore are very careful in its
management. It is important to clip or ligate the ur-
eter early below the tumour site when doing the lapa-
roscopic nephrectomy. With more than 50 patients
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Table 5. Extravesical implantation at the site of ureteral resection in the pluck procedure

Author Jones and Hetherington Abercrombie Arango Fernandez Regueiro
Mosey [43] et al. [61] et al. [44] et al. [62] Goémez et al. et al. [63]
[45]
Journal, year Br J Urol, 1993 Br J Urol, 1986 Br J Urol, 1988 J Urol, 1997 Arch Esp Urol, Actas Urol Esp,
1998 2003
Pathology Poorly diff Poorly diff Mod diff Well diff Poorly diff Mod diff
Well diff
Margin of the  Positive Negative Negative Negative Negative Negative
ureter Negative (multifocality (dysplasia)
in ureter)
Time elapsed 3 months 4 months 4 years 7 months 9 months
9 months
Early ligature Not mentioned Not mentioned Yes Yes Not mentioned Not mentioned
of the ureter Not mentioned
Attributed to No Yes No Yes Yes Yes
the technique Yes

treated with this technique at our centre, we have not
had any extravesical recurrence [42]. Table 5 shows
the local recurrence in seven patients that may be at-
tributed to this technique, but only in five cases is
there a consistent relation. Only two reports men-
tioned that early control of the ureter with ligature or
clip was done (an important step with this technique).
In two different cases, the local recurrence is probably
more related to persistence of the disease because of a
positive margin [43] and multifocal disease in the ur-
eter [44]. In another patient, a local recurrence at
4 years of follow-up can hardly be attributed to cell
seeding [45].

Lymphadenectomy

The importance of LDN in LNU is as controversial as
it has been in open NU. There are no clear data on
the benefit of performing a wide LDN in these pa-
tients. Komatsu et al. [46] reported that LDN may pro-
vide therapeutic benefit in patients with low volume
nodal disease. Miyake et al. [47] presented in their se-
ries examining open NU that the presence of lymph
vessel invasion is more important.

In the series published on laparoscopy, only Klinger
et al. [8] explained the technique, and Matsui et al.
[48] performed it in some cases. The remaining series
(Tables 2-4) do not mention it, although some found
some positive nodes.

Klinger et al. [8] performed local LDN in 73.7% of
their patients and a mean of 8.7 nodes per patient
were obtained; two patients had positive nodes at fro-

zen section and two additional patients had microme-
tastasis. They conclude that LDN may procure a better
staging and therefore make patients more amenable
for a radical oncological treatment.

Extraction of the Specimen

The presence of tumour in the lower ureter and/or
bladder precludes the utilization of endoscopic tech-
niques. In these cases, open surgery, preferably
through a Gibson or midline incision, should be per-
formed.

In patients where the ureter is plucked or stapled,
the simple access is to prolong the lower port incision,
normally in the lower abdominal quadrant; alterna-
tively using a suprapubic, midline or pararectal inci-
sion. In the RP approach a flank incision may be
used.

The general consensus is in favour of intact speci-
men extraction, to provide knowledge on surgical
margin status, and pathological stage and grade.

Morbidity

The mean blood loss ranges from 140 to 557 ml, but
most of the series report blood loss below 250 cc.

Open conversion ranges from 0% to 18%, results
mostly from vascular problems and bleeding, and
sometimes can be attributed to technical difficulties in
an advanced local stage of the tumour.

There is a large variability in morbidity among
centres (0%-48%). This variability may be related to
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the criteria used, the limited number of patients in-
cluded in the study and the centre’s learning curve.
The hospital stay varies between an average of 2 and
13 days and differences depend more on the centres
and countries. The hospital stay nearly always is
shorter than in open surgery.

Oncological Follow-up

Globally all series have a short follow-up. Of the 25 se-
ries, including 517 patients (Tables 2-4), seven have a
follow-up of less than 12 months, and only in six have
a follow-up of more than 24 months. Bladder recur-
rence ranges from 0% to 48% and is clearly related to
time of follow-up; the incidence is similar to open se-
ries [42, 44]. Also some port site metastases were de-
scribed [49] (see Chap. 9).

Summary

Laparoscopic or retroperitoneoscopic NU using pure
laparoscopic or hand-assisted techniques is no longer
an investigational or experimental procedure; it will
have to be accepted and become the standard practice
in medical centres [50].

These different approaches encounter different
problems, but it is important to consider that radical
surgery remains the main goal.

Long-term comparative studies are needed to eluci-
date the best approach of the distal ureter in upper
tract urothelial tumours. Several oncological principles
that have to be followed to guarantee good results:

B Complete and en bloc excision

B Controlled occlusion

B Non-touch, with preservation of Gerota’s fascia [8]
B Organ bag for retrieval

Which is the best technique? Regarding all the aspects
mentioned in the LNU, one should consider which
approach could better accomplish the following:

B Good oncological control

B No risk of cell seeding

B No repositioning of the patient

B No added cost

The experience gained in reference centres and longer
follow-up will allow further refinements of the LNU
technique and should confirm the good oncological
results.
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Radical cystectomy with a type of urinary diversion
remains the gold standard treatment for muscle-inva-
sive bladder carcinoma. Constant advances in anesthe-
siology and surgical technique, and more sophisti-
cated postoperative care have decreased the risk of
such major surgery. However, radical cystectomy re-
mains an aggressive procedure with significant mor-
bidity and mortality. The complication rate in the
early postoperative period after radical cystectomy
and urinary diversion is still 25%-35% [1]. This re-
maining morbidity of open cystectomy has stimulated
interest in treatment alternatives with less morbidity
without compromising the oncological outcome.
Advances in laparoscopic surgery have resulted in a
notable decrease in patient morbidity with speedier
recovery and a shorter hospital stay. Since the first re-
port of a laparoscopic nephrectomy by Clayman and
co-workers in 1991 [2], the role of laparoscopy in ur-
ology has been rapidly expanding. Laparoscopic radi-
cal nephrectomy has been established in the last
5 years with reports of equivalent oncological results,
and the traditional benefits of less postoperative pain,
improved cosmesis, shorter hospital stay, and faster
return to full activity [3, 4]. Recently, laparoscopic
radical prostatectomy seems to be as efficacious as the
open procedure. Early oncological data look similar to
open series, but only short-term observation is avail-
able. However, new benefits are evident with the la-
paroscopic approach: improved visualization of the

operative field with more surgical precision, and sig-
nificantly less blood loss [5-7].

The next logical step is the utilization of laparo-
scopic approach for the surgical treatment of muscle-
invasive bladder cancer. Laparoscopic application in
the field of cystectomy started in 1992 when Parra et
al. [8] reported a laparoscopic simple cystectomy in a
27-year-old female with symptomatic pyocystitis of a
retained bladder after previous urinary diversion. The
operating time was 130 min, the blood loss was
115 ml and the hospital stay was 5 days. In 1993, de
Badajoz was the first to use the laparoscopic approach
to cystectomy for invasive cancer in a 64-year-old fe-
male [9]. OR time was 8 h, blood loss was minimal,
and the postoperative course was free of complica-
tions. Puppo et al. performed laparoscopically assisted
transvaginal radical cystectomy in five female patients
with bladder cancer [10]. Operating times were be-
tween 6 and 9 h. Four of five patients were discharged
from hospital free of complications on days 7-11. The
largest report on laparoscopic radical cystectomy was
published by an Egyptian group. Denewer et al. re-
ported ten patients with invasive bladder cancer who
underwent laparoscopically assisted cystectomy and
urinary diversion [11]. They demonstrated that the la-
paroscopic access involves less morbidity and earlier
recovery as well as a short hospital stay.

Technique
of Laparoscopic Radical Cystectomy

Preoperative preparation includes a bowel preparation
of clear liquids only starting preoperative day 2, 3 1 of
mechanical bowel preparation fluid preoperative
day 1, and a cephalosporin and metronidazole on call
to the OR. Lower extremity compressive devices are
applied before induction of anesthesia. The patient is
placed in supine position, a nasogastric tube is in-
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serted, and a 16-F Foley catheter is placed to drain the
bladder.

As in the open procedure, the right-handed surgeon
stands to the patient’s left. Camera monitors are posi-
tioned at the patient’s feet. In our experience, the sur-
geon’s dissection is best accomplished via laparoscopic
scissors attached to monopolar cautery in one hand,
and graspers attached to bipolar cautery in the other.
The first assistant utilizes suction in one hand and
graspers for retraction in the other. We commonly uti-
lize the Aesop robotic arm and voice recognition to
give control of the camera to the surgeon. However, if
the first assistant is being instructed, it is best to have
a second assistant operate the camera.

Pneumoperitoneum is obtained with a Veress nee-
dle. A primary 10-mm laparoscopic trocar is placed at
the level of the umbilicus. After inspection of the ab-
dominal cavity, the other four trocars are placed in a
fan-shape fashion. Two 10-mm trocars are placed un-
der laparoscopic control on the lateral pararectal lines
about 10 cm above the symphysis pubis. Two 5-mm
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Fig. 1. Number and placement of the trocars

trocars are positioned 2-3 cm medial to the anterior-
superior iliac spine bilaterally (Fig. 1).

The peritoneum is incised at the level of the Dou-
glas pouch. The tips of the seminal vesicles are dis-
sected to expose Denonvilliers fascia. The fascia is in-
cised in the midline to expose the perirectal fat. The
fibers of the rectum are bluntly pushed posteriorly
away from the prostate. This dissection is carried
down as far as the apex of the prostate. Complete mo-
bilization of the rectum is fundamental to better de-
fine the prostatic and vesical pedicles and to prevent
rectal injuries.

Incision of the peritoneum is carried out along the
external iliac artery and extended distally to the ab-
dominal wall lateral to the umbilical ligaments, and
proximally to the common iliac artery.

At the level of the pubic bone, the bladder and
perivesical fat are dissected off the pelvic wall with ex-
posure of the endopelvic fascia. The fascia is incised
bilaterally and the fibers of the levator muscle care-
fully dissected. This maneuver greatly facilitates the
identification of the lateral aspect of the vesicopro-
static pedicles.

The ureters are found at the crossing over the com-
mon iliac artery. The ureters are dissected down to
the bladder wall with care to preserve their vascular
supply. The ureters are clipped distally, divided and
the distal ureteral margins sent for frozen section.
Two 4-0 Vicryl holding sutures of different colors are
placed at the distal end of the ureters. The dissected dis-
tal ureters are positioned above the level of iliac vessels.

After the previously described complete mobiliza-
tion of the rectum and lateral dissection of the blad-
der off the pelvic wall, the vascular pedicles of the
bladder and prostate are already well defined. It is im-
portant to note that the bladder is purposely left at-
tached to the anterior abdominal wall in the midline
to facilitate the exposure of the vascular pedicles. The
vascular pedicles of the bladder and prostate are di-
vided using Endo-GIA laparoscopic vascular staplers.
Three or four reloads are necessary to completely di-
vide the pedicle in each side (Fig. 2).

The umbilical ligaments and urachus are incised to
enter the Retzius space. The bladder is dissected from
the abdominal wall to expose the anterior aspect of
the prostate and the endopelvic fascia. The incision of
the endopelvic fascia is completed toward the pubo-
prostatic ligaments. Because it was previously decided
not to perform an orthotopic neo-bladder, the liga-
ments are sharply divided to expose the apex and the
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dorsal venous complex of the prostate. Once the mem-
branous urethra and the dorsal venous complex are
exposed, the complex is suture ligated with 0-Vicryl
on a CT-1 needle and divided. The urethra and the
apex of the prostate are fully dissected. The urethra is
transected at the level of the pelvic floor muscle. After
transection of the dorsal wall of the urethra, it is im-
portant to close it at the prostatic apex to avoid urine
spillage in the peritoneal cavity. The closure is per-
formed with a figure-eight 2-0 Vicryl suture. The rec-
tourethralis muscle is divided and radical cystoprosta-
tectomy completed.

In men, the remaining attachments are divided to
completely free the specimen (bladder, prostate and
seminal vesicles), and it is secured in an endobag for
later removal through the rectum during the urinary di-
version. In women, the bladder with the anterior wall of
the vagina are removed to complete the dissection, and
the specimen immediately entrapped in an endobag for
immediate removal through the vaginal opening. The
vagina is then closed by a running 0-Vicryl suture.
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Fig. 2. Transection of the bladder pedicles with Endo-GIA

An extended bilateral pelvic lymph node dissection
is performed. The limits of the dissection are the
pubic bone caudally, the aortic bifurcation cranially,
the genitofemoral nerve anteriorly, and the internal
iliac artery posteriorly. The removal of the lymph
nodes is performed using a small endobag.

Urinary Diversion

Once laparoscopic radical prostatectomy has been
mastered, radical cystectomy only involves the addi-
tional simple steps of taking down the lateral pedicles
with the Endo-GIA stapler. The challenge is the uri-
nary diversion.

The ileal loop urinary diversion has been the stan-
dard type of urinary diversion since it was described
by Bricker in 1950 [12].

The first laparoscopic ileal loop urinary conduit
was reported by Kozminski and Partamian [13]. Their
procedure did not include a cystectomy. A total of five
port sites were used, one of which served as the stoma
site. Laparoscopically, both ureters were mobilized and
transected. The bowel anastomosis was performed ex-
tracorporally by gently elevating a small loop of ileum
through a port site. The initial operation took 6
hours h and 20 min. De Badajoz and Puppo provided
their patients with an ileal conduit after laparoscopic
cystectomy as described before [9, 10].

To date, most authors perform a laparotomy after
lap cystectomy to remove the specimen and construct
the urinary diversion (ileal conduit). However, Gill et
al. have recently reported successful ileal conduit uri-
nary diversion by laparoscopy alone, performed in
two men [14]. The surgical time of the complete pro-
cedure (laparoscopic cystectomy and ileal conduit)
was 11.5 and 10 h, and blood loss was 1,200 and
1,000 ml, respectively. However, most patients moti-
vated and healthy enough to undergo a 10-h laparo-
scopic procedure will also be the type of patients de-
siring the long-term quality of life benefits of a conti-
nent urinary diversion as well as the short-term recov-
ery benefits of a laparoscopic approach.

Most patients willing to undergo the lengthier op-
erative times required for a laparoscopic approach will
also desire a continent urinary diversion because of
the better quality of life and cosmesis.

The first experimental laparoscopic ureterosigmoi-
dostomy for urinary diversion using pigs was reported
by Trinchieri et al. [15]. Anderson et al. published
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their experience constructing a laparoscopically as-
sisted sigma rectum pouch as a continent urinary di-
version in an animal model (pig) [16]. The laparosco-
pically mobilized sigma was extracorporeally posi-
tioned via a laparotomy. The pouch was formed by
side-to-side anastomosis of the opened bowel segment
with a stapler, and the ureterocolonic anastomoses
were done extracorporally. Postoperative function of
the pouch was good. However, in 44% of the cases,
the formation of stones was diagnosed in the area of
titanium clips, and in 33% stenosis of the ureterocolic
anastomosis occurred. Denewer et al. used the same
technique in 1999 for continent urinary diversion after
laparoscopic cystectomy in their ten patients [11]. An
8-cm-long incision in the lower abdomen was required
to construct the sigma-rectum pouch extracorporeally
using a stapling technique, and the ureters were im-
planted in an antireflux fashion. No postoperative fol-
low-up information was provided regarding stone for-
mation.

The most noticeable benefit of the sigma-rectum
pouch diversion is the easy construction and the
nearly 100% day and night time continence of prop-
erly selected patients. The rectum sigma pouch is a
modification of the ureterosigmoidostomy and was
first described by Fisch et al. as an alternative conti-
nent urinary diversion [17]. Several authors reported
excellent functional results of this continent urine re-
servoir after open radical cystectomy [18-20].

To our knowledge, we performed in April 2000 the
first continent urinary diversion completely laparosco-
pically using the Mainz-pouch II technique [21]. An-
other issue of the laparoscopic procedure is how to re-
move the cystectomy specimen. Until now laparosco-
pists have made a mini-laparotomy incision for speci-
men removal. The opening of the sigmoid and rectum
or the vagina also makes it possible to remove the
specimen without enlarging any of the abdominal port
sites.

Technique - Laparoscopic Mainz Il
Pouch (Rectum-Sigma Pouch)

Prior to surgery, patients undergo outpatient sigmoi-
doscopy to exclude diverticulosis.

Further selection criteria included a competent anal
sphincter, assessed by the ability to hold a 200-300 ml
water enema for 2 h, and adequate renal function (se-
rum creatinine < 1.5).

Fig. 3. Opening of the sigmoid intestine (antemesenteri-
cally) with electric hook

An antemesenteric enterotomy is made with an
electric hook at the rectosigmoid junction and ex-
tended 10 cm proximally and 10 cm distally (Fig. 3).
In men, this allows for transanal removal of the speci-
men (Fig. 4). The posterior walls of the rectum and
sigmoid are then anastomosed side-to-side with a
running 3-0 Maxon suture to form the posterior wall
of the pouch (Fig. 5). Nonrefluxing ureteral anastomo-
ses are formed by preparing a 3-cm submucosal bed
in the posterior plate of the pouch, and then drawing
the mobilized ureters through the pouch plate and se-
curing with 3-4 sutures in this previously formed
bed. After insertion of 8-F monopigtail ureteral cathe-
ters (via the opened rectum) the submucosal tunnels
are completed by suturing the mucosa over the ureters
(Fig. 6). The ureteral stents are brought out of the
anus and the pouch is drained with a transanal 26-F
Nelaton catheter. The anterior wall of the pouch is
closed with a running 3-0 Maxon (Fig. 7). The pelvis
is drained with a single Jackson-Pratt (JP) through
one of the lateral 5-mm trocar incisions. Hemostasis
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Fig. 4. Removal of the specimen in the endo-bag via the
opened rectum

is checked, all trocars are removed under vision, and
the trocar sites closed with running sutures.

Results

From April 2000 until March 2003, 15 patients (seven
male, eight female) diagnosed with clinical T2NOMO
transitional cell carcinoma (TCC) of the bladder were
selectively offered laparoscopic radical cystectomy
with continent urinary diversion - the Mainz II sig-
ma-rectum pouch. Prior to initiating this laparoscopic
approach, 36 open cystectomies with Mainz II pouch
diversions had been performed at Charité Hospital in
Berlin. The mean age was 64.7 years (range, 58-69).
The Mainz II diversion was selected for males with tu-
mors infiltrating the prostatic urethra (orthotopic
neo-bladder therefore contraindicated) or because
they preferred this procedure over the open-type alter-
natives. In females the Mainz II pouch was already

Fig. 5. Side-to-side anastomoses of rectum and sigmoid to
form the posterior wall of the pouch

our preferred kind of continent urinary diversion be-
fore we started with the laparoscopic approach.

All 15 procedures were completed laparoscopically
without intraoperative complications. Conversion to
open surgery was not required in any case. The median
operating time was 6.3 h (range, 5.5-7.9). The median
estimate blood loss was 220 cc (range, 150-300 ml, 0
transfusions), and approximately 1,500 ml of combined
crystalloid/colloid intravenous fluids were required per
the discretion of the anesthesiologist. In general, liquids
were tolerated on postoperative day (POD) 2, the JP
drain was removed POD 4, the ureteral stents were re-
moved on POD 8, and the pouch drain was removed
on POD 9. On POD 10, IVPs were performed, demon-
strating normal upper tracts and no leakage from the
pouch. Patients were discharged on POD 10-12 (med-
ian, 11), significantly earlier than patients after compar-
able open surgery. Of 15 patients, 14 are fully continent
(day/night) of urine and stool. One patient experienced
a postoperative pouch leak at 3 weeks follow-up, re-
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Fig. 6. Suturing of the mucosa of the sigmoid over the al-
ready implanted ureter to create the submucosal tunnel
(nonrefluxing anastomoses)

paired by open suturing. In another patient, a rectova-
ginal fistula was established 4 weeks after surgery,
which required open repair as well. Histopathological
examination of the specimens revealed transitional cell
carcinoma: pT1 G3 + CIS (n=1), pT2b G2-3 (n=5),
pT3a G3 (n=6), and pT3b G3 (n=3). The resection
margins were free of tumor in all specimens. Positive
lymph nodes were revealed in one patient, who was
treated with adjuvant chemotherapy. Follow-up ranges
from 14 to 48 months and has shown no local recur-
rence, but one patient with systemic recurrence. This
patient developed bone metastasis 3 years after laparo-
scopic radical cystectomy. With regard to the upper uri-
nary tract, two patients developed a stricture of the ur-
eteral-intestinal anastomosis. In both cases an open re-
anastomosis was necessary to solve the problem. In all
other patients, the upper urinary tract is still well pre-
served without any evidence of hydronephrosis. The re-

Fig. 7. The anterior wall of the pouch is closed with run-
ning suture (Maxon 3x0) and both ureters were stented

with 8-F ureteral catheters and the pouch was drained with
a 26-F Nelaton catheter

nal function is normal and mild hyperchloremic acido-
sis compensated with oral sodium bicarbonate was re-
quired in 11 out of 13 cases.

In our experience, the laparoscopic sigma-rectum
pouch has significant technical advantages as a first-
step continent urinary diversion. The sigmoid and
rectum have posterior attachments that keep them still
and facilitate laparoscopic suturing. The length of su-
ture lines is also significantly less than for an ileal
neo-bladder. The rectum has a capacity of approxi-
mately 400 cc, and therefore only a 20-cm opening is
needed along the sigmoid and rectal surface to form a
detubularized, low-pressure pouch. While endostapler
devices could be used to speed up the bowel closure,
we only use absorbable sutures to minimize the
chances of future stone formation.

It is important to emphasize that the sigma-rectum
pouch is not a traditional ureterosigmoidostomy, nor
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should it be associated with the significant complica-
tions and secondary cancers associated with that
abandoned procedure. Gumus et al. have demonstrated
by filling cystometry that the sigma-rectum pouch
holds 400 cc of urine without reflux into the descend-
ing colon or ureters [22]. In reports of the classic ure-
terosigmoidoscopy, urine and stool were stored to-
gether in the rectum, and it was thought that urine
frequently refluxed up the colon causing frequent con-
tractions that led to frequent defecations of fecaluria.
Chronic irritation of the ureteral anastomoses with fe-
cal material was thought to predispose future cancer
growths [23].

The sigma-rectum pouch provides the fixation of
the left descending colon to the rectal ampulla in or-
der to keep the colon in line with the rectum. The re-
sult is that the majority of our patients reported sepa-
rately passing urine and feces at convenient intervals
and with good anal control. Since urine and stool
were not constantly mixed and since the ureteral ana-
stomosis is away from the stool path, it has been pro-
posed that the risk of carcinogenesis should be signifi-
cantly less [24]. Nevertheless, long-term follow-up to
determine the incidence of colonic carcinogenesis and
ureteral strictures is limited.

Regardless of the form of laparoscopic diversion,
the relatively low IV fluid requirements during these
procedures (1,500 ml combined crystalloid/colloid)
suggests the intriguing possibility that with fewer
fluid shifts, electrolyte loss and overall cardiovascular
stress to the patient is reduced, and is another poten-
tially benefit that needs further study.

Summery

Clearly, the last decade has seen promising advances
in laparoscopic urologic surgery. What once was
thought technically impossible is now becoming a rea-
lity. Earlier, laparoscopy was mostly used for ablation
of diseased tissue, but this has changed and laparo-
scopy has now become a tool for reconstruction as
well. While reconstructive laparoscopy still remains
challenging, advances in clip and suture technology
have been of great benefit. These advances made it
possible for radical cystectomy and construction of a
continent urinary diversion to be performed by the la-
paroscopic approach alone, while maintaining estab-
lished oncological and reconstructive principles. How-
ever, laparoscopic cystectomy and urinary diversion is

still in its infancy. A number of problems will need to
be addressed before such complicated procedures be-
come commonplace. The future will surely see further
improvements in instruments for reconstruction plus
the application of novel energy sources to achieve
more rapid, yet accurate approximation of tissue.
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The American Cancer Society estimates that 57,400
new cases of bladder cancer will be diagnosed in the
United States this year, and 12,500 people will die of
the disease. Radical cystectomy remains the gold stan-
dard for muscle-invasive bladder cancer and high-risk
superficial tumors resistant to intravesical therapy [1];
moreover, open cystoprostatectomy with urinary di-
version remains a major procedure, which may be de-
manding for patients.

Although cystectomy performed through a laparo-
scopic approach was first described in 1992 [2], this
indication remained very controversial and was still

considered recently as experimental for the treatment
of bladder cancer [3]. During the last decade, the
greatest impact shown by the laparoscopic approach
in urology was undoubtedly shown on patients with
genitourinary malignancies. Although only pelvic
lymph node dissection and occasionally nephrectomy
were initially considered as oncologically feasible, sev-
eral other approaches such as laparoscopic adrenalec-
tomy and radical nephrectomy are today considered as
standards of care, not only at centers of excellence but
even in the general community. Maturing data with
laparoscopic radical prostatectomy suggest excellent
continence rates and equivalent oncologic results
based on pathological surrogates of cure [4].

The laparoscopic approach for advanced disease
such as cytoreductive nephrectomy has also been
found to be feasible for selected patients with meta-
static renal cell carcinoma. Other novel therapies, such
as laparoscopic radical cystectomy with urinary diver-
sion and laparoscopic retroperitoneal lymph node dis-
section, hold great promise of benefit for patients with
urologic malignancies [5].

Beyond initial reports on feasibility, controversy
persisted regarding the risk of cell spillage or port me-
tastases in transitional cell carcinoma; yet the strict
observation of oncological safety rules such as the re-
spect of closed urinary cavities has increased the ac-
ceptance of laparoscopic nephroureterectomy [5];
hence radical cystectomy should become more and
more accepted if the same rules are carefully observed
[6]. Moreover, animal and clinical experimental work
has demonstrated that laparoscopy may be less immu-
nodepressant than its open counterpart [7]; this addi-
tional theoretical advantage could play a positive role
in favor of radical cystectomy made by the laparo-
scopic approach.

Although laparoscopic cystectomy with different
urinary diversions has already been described and has
shown to provide intraoperative and postoperative ad-
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vantages vs open surgery [8-10], the laparoscopic cys-
toprostatectomy has rarely been well codified and illu-
strated [11]. Having set up an experience in radical
prostatectomy since 1999, our groups started to per-
form laparoscopic radical cystectomy 1 year later, in
spring 2000. Since then until June 2004, 30 and 8 pa-
tients were operated on in Brussels and in Heilbronn,
respectively.

As elegantly shown in another recent review [12],
all technical steps of an open-surgery radical cystecto-
my with urinary diversion have been translated into
equivalent laparoscopic maneuvers.

The potential advantages of doing the procedure
laparoscopically are the smaller incisions, hence de-
creased pain and quicker recovery time, implying a
shortened hospital stay, decreased blood loss and fluid
imbalance compared with the open technique. If trans-
fusion is usual during open surgery, it is infrequent
with laparoscopy. A stepwise protocol is actually es-
tablished, with minor alternative variations between
centers [9, 11, 12, 38].

Patient Preparation

Preoperatively, the bowel is prepared by oral self-ad-
ministration of 2 1 of electrolyte lavage solution over 2
days before the surgical procedure. Antibiotic prophy-
laxis with a cephalosporin is performed from day 1 to
5 and low-molecular-weight heparin (4,000 units) is
administered preoperatively and until the postopera-
tive day 15. Compression stockings are applied as the
patient is placed in the supine position with the legs
apart to allow free access to the perineal space. The
table is set to a 30° Trendelenburg position. An 18F
Foley catheter is inserted to drain the bladder and a
nasogastric tube is positioned. As the lower limbs are
carefully strapped to the table without compressions,
no shoulder pads are necessary.

Equipment

The technique is challenging, requiring considerable
laparoscopic infrastructure and expertise. Using a
five- or six-port transperitoneal approach, the radical
cystectomy and pelvic lymph node dissection are per-
formed first. Standard laparoscopic surgical equip-
ment with few special instruments are required (Ta-

ble 1).

Table 1. Equipment for laparoscopic radical cystoprostatec-
tomy

Standard laparoscopic equipment

B High-flow insufflator

M 300 W Xe light fountain

B 3CCD camera

B 10-mm 0° endoscope 1 (30° endoscope optional)

Trocars

B 10- to 12-mm trocars 2-3

B 5-mm trocars 3

Instruments

B Laparoscopic Metzenbaum scissors 1
B Laparoscopic bipolar forceps 1
B |aparoscopic atraumatic prehension forceps 2
B Laparoscopic suction irrigation cannula 1
B Laparoscopy bags (optional)

B Harmonic scalpel or Ligasure (Tyco Healthcare)

5- to 10-mm forceps
Surgical endoscopy 5- to 10-mm clip applicators

Trocar Placement

The patient is in the supine position, with the lower
limbs slightly (15°) abducted. A 30° flexion is given to
the knees, to define accordingly the value of the Tren-
delenburg position. Extension of the hips should be
avoided to prevent any backache (Fig. 1).

A five-port diamond or fan-shaped transperitoneal
approach is used (Fig.2). The first 10-mm trocar is
placed 1 cm above the umbilicus; an open technique
through a mini-laparotomy is optional at this level.
This trocar is reserved for the 0° laparoscope. The re-
maining four ports are placed under endoscopic con-
trol after classical establishment of the pneumoperito-
neum (12-14 mmHg) with or without the use of a
Veress needle.

At the left McBurney point, a 12-mm trocar is
placed; this diameter is chosen to ease the retrieval of
pelvic lymph nodes after dissection. At the true
McBurney point, a 10-mm trocar is placed to accept a
10-mm instrument if necessary.

On the midline, a 5-mm trocar is placed, one span
below the umbilical trocar. A fifth 5-mm trocar is
placed at the horizontal level of the navel, on the ver-
tical line of the right lateral trocar.

The abdomen and pelvis are inspected; eventual ad-
hesions of the sigmoid loop in the left fossa are re-
leased by blunt and sharp dissection.
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Fig. 1. Patient positioning. The patient is
in the Supine position, with the lower
limbs slightly (15°) abducted. A 30° flex-
ion is given to the knees, to define ac-
cordingly the value of Trendelenburg
position. Extension of the hips should be
avoided

Laparoscopic Cystoprostatectomy
in the Male

Dissection of the Retrovesical Space

In a male patient, the operation starts by dissection of
the plane behind the seminal vesicles; the dissection is
started at the level of the Douglas pouch. The posteri-
or wall of the bladder is lifted vertically by means of a

Fig. 2. Trocar placement. The first 10-mm trocar is placed 1
cm above the umbilicus, for the 0° laparoscope. At the left
McBurney point a 12-mm trocar is placed to ease the retrie-
val of pelvic lymph nodes after dissection. At the true
McBurney point, a 10-mm trocar is placed to accept a 10-
mm instrument. On the midline, a 5-mm trocar is placed,
one span below the umbilical trocar. A fifth 5-mm trocar is
placed at the horizontal level of the navel, on the vertical
line of the right lateral trocar

fenestrated forceps held by the second assistant. A
horizontal 6- to 8-cm incision is made on the perito-
neum, two fingers above the bottom of the Douglas
pouch (Fig. 3).

Ampullae and seminal vesicles are exposed but not
dissected from the bladder, to which they remain at-
tached throughout the procedure. If necessary, the
posterior aspect of Denonvilliers fascia is exposed and
incised horizontally to open the perirectal fatty space.
When started high enough, the dissection is able to
leave the Denonvilliers posterior sheet covering the
seminal vesicles.

The dissection is continued bluntly on each side
and on the anterior aspect of the rectum towards the
apical area of the prostate.

The vascular supplies of the vesicles are recognized
laterally, but not divided so far.

A tunnel is created between the rectum and the
prostate with the vesical and prostatic fibrovascular
pedicles laterally.

Lateral Dissection of the Bladder

The umbilical arteries are identified close to the ab-
dominal inguinal ring and the peritoneum is incised
just laterally to them. From the internal inguinal ring
caudally, a vertical incision of the peritoneum follows
the medial aspect of the external iliac artery until the
crossing of the ipsilateral ureter. The vas is divided at
the level of the inguinal ring and retracted medially to
open the space medial to the external iliac vessels
(Fig. 4).

The classical or extended ilio-obturator lymph node
dissection [13, 14] can be carried out at this moment;
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Fig. 3. Posterior dissection. The dissection is started at the
level of the Douglas pouch. The posterior wall of the blad-
der is lifted vertically by means of a fenestrated forceps
held by the second assistant. A horizontal 6- to 8-cm inci-
sion is made on the peritoneum, two fingers above the bot-
tom of the Douglas pouch. Ampullae and seminal vesicles
(sv) are exposed but not dissected from the bladder. The
posterior aspect of Denonvilliers fascia is exposed and in-
cised horizontally to open the perirectal fatty space

sampling of the nodes in view of frozen sections can

be extended to external and/or internal node groups.
The peritoneal incision is then extended cranially,

at the anterior aspect of the ureter, beyond the cross-

Fig. 4. Lateral dissection. The umbilical arteries (ua) are
identified and the peritoneum is incised just laterally to
them. A vertical incision of the peritoneum follows the me-
dial aspect of the external iliac artery (ea) until the crossing
of the ipsilateral ureter (ur). The vas is divided at the level
of the inguinal ring and retracted medially. The classical or
extended ilio-obturator lymph node dissection is carried
out at this time

ing of iliac vessels. This makes it possible to prepare
an adequate length of free ureter in view of their ante-
rior reimplantation. Careful hemostasis of the arteri-
olar supply to the iliac portion of ureters should be
ensured to avoid potentially neglected bleeding.

The superior vesical artery is divided at its origin.
This can be accomplished by means of a 10-mm Liga-
sure (Tyco Healthcare, Mansfield, MA, USA) forceps
or by section between laparoscopic clips.

The ureter is then further followed, completely dis-
sected and divided between clips, close to its intra-
mural portion. The last centimeter is resected and
properly oriented for frozen section to exclude dyspla-
sia of the lower ureter.

The inferior vesical artery and vesicoprostatic ar-
tery are then divided as described above. Their divi-
sion is carried out in close vision of the lateral aspect
of the seminal vesicle to which they provide arterial
supply (Fig. 5). The division of the successive pedicles
is temporarily interrupted at the upper lateral edge of
the prostate, on each side, in order to preserve tem-
porarily the emergence of the neurovascular bundles.
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Fig. 5. Antegrade dissection. The superior vesical artery is
divided at its origin, here by means of a 10-mm Ligasure
(Tyco Healthcare). The inferior vesical artery and vesiculo-
prostatic artery are then divided as described above. They
are divided in close vision of the lateral aspect of the semi-
nal vesicle (sv)

So far, the bladder remains suspended through its
anterior attachments and the Retzius space is kept
closed except for its lateral aspects (Fig. 6).

Anterior Dissection of the Bladder

When the antegrade dissection and division of the
bladder’s upper vascular elements are achieved, the
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Fig. 6. Posterior dissection completed. The division of the
successive pedicles is temporarily interrupted at the upper
lateral edge of the prostate, on each side, in order to pre-
serve temporarily the emergence of the neurovascular bun-
dles. So far, the bladder remains suspended through its
anterior attachments and the Retzius space is kept closed
except for its lateral aspects

umbilical ligaments are sectioned and the Retzius
space is then opened. The high section of umbilical li-
gaments is made possible by the supraumbilical posi-
tion of the telescope, by the working position of the
scissors in the upper right trocar and by an hemo-
static forceps working in the left lateral trocar.



102 R.F. van Velthoven, J. Rassweiler

Fig. 7. Anterior dissection of the bladder. The umbilical liga-
ments (ua) are sectioned and the Retzius space (rz) is then
opened. The high section of umbilical ligaments is made
possible by the supraumbilical position of the telescope, by
the working position of the scissors in the upper right tro-
car, using a hemostatic forceps working in the left lateral
trocar. The low midline trocar is visible in the upper part of
the picture. In the back, the right iliac artery and the poste-
rior dissection planes. At this point the anterior peritoneum
is incised lateral to the umbilical arteries from the umbilicus
to the inguinal ring. The prevesical space is entirely opened
and the bladder is dissected from the anterior abdominal
wall

At this point the anterior peritoneum is incised lat-
eral to the umbilical arteries from the umbilicus to the
inguinal ring (Fig. 7). The prevesical space is entirely
opened and the bladder is dissected from the anterior
abdominal wall. With a combination of sharp and blunt
dissection, the space between the lateral wall of the
bladder and the pelvic side wall is developed until
reaching the endopelvic fascia on both sides. The super-
ficial dorsal vein is then divided on the anterior aspect
of the prostate and the endopelvic fascia is opened on
its line of reflexion; the lateral surface of the prostate
is separated from the levator ani muscle to carefully iso-
late the dorsal vein complex and the prostatic apex.

Nerve Sparing Dissection
of the Vesicoprostatic Complex

At this time, the lateral aspect of the prostate is ex-
posed by the first assistant exerting a traction on the
vesicoprostatic junction in the opposite direction. This
maneuver exposes the superior vesicoprostatic pedicle
left intact so far (Fig. 8). In the meantime, the rectum
is pushed downwards with the suction cannula, in or-
der to expose the medial aspect of the vesicoprostatic
pedicle.

Descending the pelvis, the visceral fascia is opened
on the lateral aspect of the prostate and the branches
of the ipsilateral neurovascular bundle to the prostate
are divided successively towards the apex of the pros-
tate, on each side, using a harmonic scalpel, a 5-10 Li-
gasure or a bipolar forceps.

Apical Dissection

At this point the vesicoprostatic complex is still attached
to the pelvic floor by the deep dorsal vein complex and
the urethra. The Santorini plexus is divided after liga-
tion or by means of the Ligasure forceps.

The anterior aspect of the urethra is exposed as
close as possible to the prostatic parenchyma in order
to maintain the puboprostatic ligaments intact as well
as an adequate urethral stump, if an orthotopic neo-
bladder is planned.

From the points reached by the division of the vis-
ceral fascia, the lateral and posterior aspects of the ur-
ethra are then dissected with a right-angle Maryland
forceps (5 or 10 mm). When free, the urethra is li-
gated with an intracorporeal knot or clamped by a 10-
mm Hem-o-Lok clip and divided after removal of the
indwelling catheter (Fig. 9).
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Fig. 8. Neurovascular bundle dissection. The lateral aspect
of the prostate is exposed by the first assistant exerting a
traction on the vesicoprostatic junction in the opposite di-
rection. This maneuver exposes the superior vesicoprostatic
pedicle left intact thus far. Descending the pelvis, the vis-
ceral fascia is opened on the lateral aspect of the prostate
and the branches of the ipsilateral neurovascular bundle to
the prostate are divided successively towards the apex of
the prostate, on each side, using a harmonic scalpel, a 5- to
10-Ligasure or bipolar forceps

Fig. 9. Apical dissection section of urethra. The anterior as-
pect of the urethra is exposed as close as possible to the
prostatic parenchyma in order to maintain the pubopros-
tatic intact ligaments as well as an adequate urethral stump
if an orthotopic neobladder is planned. The lateral and pos-
terior aspects of the urethra are then dissected with right
angle Maryland forceps (5 or 10 mm). The urethra is ligated
with an intracorporeal knot or clamped by a 10-mm Hem-
o-Lok clip and divided
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The urinary lumen is never opened by this means
in order to avoid any cell spillage. The terminal plate
and the distal insertions of Denonvilliers fascia are in-
cised, releasing the specimen completely.

If the available length of both ureters is considered
too short by the surgeon, the former dissection is
continued cranially. The left ureter is tunnelized be-
hind the sigmoid loop to join the right ureter in the
retroperitoneal space; a fenestrated atraumatic forceps
is passed through the upper right trocar, lifting the
posterior peritoneum caudally to the aortoiliac bifur-
cation, and bluntly dissecting the sigmoid mesentery
to allow the passage of the left ureter to the opposite
side.

After a last overview of the main hemostatic con-
trols, the pneumoperitoneum is temporarily deflated;
lateral trocars remain as they are placed.

In case of an orthotopic bladder replacement, a
mid-line laparotomy incision is made, unifying the
two medial trocar holes. These trocars are temporarily
removed.

The vesicoprostatic specimen is removed en bloc
through the incision, its entrapment into a bag is op-
tional.

Laparoscopic Cystectomy
in the Female

The posterior dissection starts at the level of the rec-
tovaginal space.

As described in laparoscopic surgery for prolapse
[15], the posterior vaginal bottom is lifted by the sec-
ond assistant with a curved metal retractor, exposing
immediately the rectovaginal space to blunt and sharp
dissection. This dissection is extended laterally to the
ischiorectal fossae. The peritoneal incision is then
continued cranially at the level of the first peritoneal
fold to find and dissect the ureters.

The lateral incisions of the parietal peritoneum are
started at the internal inguinal ring, both ligamenta
teres are divided and retracted medially to expose the
medial aspect of the external iliac vessels. Pelvic lymph
node dissection is done on each side, as already de-
scribed in view of frozen sections. The subsequent dis-
section and antegrade division of the ureters and upper
vesical pedicles are then carried out as in males.

The umbilical ligaments and urachus are divided
and the prevesical space is opened and bluntly dis-
sected to expose the anterior aspect of the bladder to

the bladder neck, urethra and anterior wall of the va-
gina. Opening of the endopelvic fascia allows the dis-
section to be continued until the lateral aspects of the
urethra, which is dissected completely, secured be-
tween clips and transected. If an orthotopic bladder
replacement is planned, a maximal urethral stump is
then preserved in view of the anastomosis. Depending
on patient’s age and expectations, cystectomy may be
carried out with vaginal and uterine preservation [16].
More often, according to the tumor burden and stage,
the uterus and part of the vagina may need to be
taken with the bladder.

The metal retractor is moved to the anterior vagi-
nal bottom to enable the dissection of the urethrovagi-
nal space, which is developed in a retrograde way
after section of the urethra. The vaginal anterior wall
is sectioned using the retractor, giving a flat horizon-
tal shape to the vagina; the gas leak during section of
the vagina is prevented by packing the vagina, even-
tually with Vaseline gauze.

The vagina is repaired and closed with O-woven
PGA sutures, after retrieval of the specimen.

Laparoscopically Assisted Orthotopic
Bladder Replacement

The orthotopic neobladder pouch is created by sutur-
ing the opened small bowel together to form a new
bladder. As usual, a 55- to 60-cm segment of ileum lo-
cated 15 cm away from the ileocecal junction is iso-
lated and detubularized, leaving intact a proximal 10-
cm isoperistaltic afferent Studer limb segment. De-
pending on the surgeon’s skills or preferences, a Haut-
mann ileal bladder can be built as well and the bowel
prepared accordingly. The continuity of the small
bowel is restored outside the body through the inci-
sion made for specimen retrieval; a spherical neoblad-
der is constructed extracorporeally as well. A termino-
terminal ureteroileal anastomosis is then performed
through the same incision, using the Wallace or Bricker
technique.

Ureters are intubated with 8F smooth catheters tem-
porarily attached to the posterior wall of the pouch with
rapid adsorbable sutures (Vicryl rapid 2/0).

Both catheters are exteriorized through the anterior
wall of the pouch, and subsequently will be passed
through the abdominal wall.

The anterior wall of the reservoir is closed by a
running Connel-Mayo PGA 3/0 suture; the caudal part
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Fig. 10. Vesicourethral anastomosis. The posterior aspect of
the anastomotic suture is completed. The caudal aspect of
the anterior closing suture of the ileal neobladder is left
open. After completion of the anterior aspects of the two
hemicircle running sutures, the intracorporeal knot is made
at twelve o'clock. The anterior aspect of the bladder is then
closed

of this closure is left open in view of the vesicoure-
thral anastomosis.

When the pouch is ready;, it is placed in the abdomen
and the mini-laparotomy is closed classically. The 10-
mm trocar is replaced for the lens, in an infraumbilical
position and the pneumoperitoneum reinsufflated.
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After appropriate positioning of the ileal neoblad-
der in its orthotopic position, a vesicourethral anasto-
mosis is started between the ileal orifice left open and
the urethral stump.

This technique has been described elsewhere [17];
it has now been widely adopted for the reconstructive
part of radical prostatectomy. Briefly, the suture is
started at six o’clock on the ileal edge of the suture;
two 6- to 7-in. pieces of 2/0 PGA monolayer threads
knotted together are used; two hemirunning sutures
are then built up to twelve o’clock, where the only
knot tied intracorporeally is made (Fig. 10).

When this suture is completed, a Jackson-Pratt
drainage is placed in the pelvis. The tube is exterior-
ized through a trocar hole in the right fossa. Fascial
incisions of 10 mm are closed with interrupted 0 su-
tures. The skin is closed with surgical staples.

This stepwise protocol and its alternative options
are summarized in Table 2.

Other Technical Options
of Urinary Diversion

Depending on the gender and age of the patient as
well as on the specific indications, the following types
and techniques of urinary diversion have been per-
formed.

lleal Conduit

For male patients, the ileal conduit is usually made with
laparoscopic assistance. The extended sub- or supraum-
bilical minilaparotomy incision for retrieval of the spec-
imen is used for the isolation of the 20-cm segment of
the distal ileum in an open technique. The ileoileal ana-
stomosis is performed by interrupted seromuscular
stitches, and the ileum is brought back into the abdom-
inal cavity. Subsequently, the 10-mm trocar incision in
the right lower abdomen is used as ileostoma.

As an alternative option, the incision at this level
can be enlarged, the rectus fascia incised to a size al-
lowing for specimen retrieval and ileoileal anastomo-
sis. The distal end of the ileal conduit is then pulled
through the wound and sutured to the skin, at the
upper end of the incision. After placement of two sin-
gle J-stents, the ileal segment is manipulated back into
the abdominal cavity, the subumbilical or pararectal
incision is closed and the pneumoperitoneum re-es-
tablished. Finally, the left ureter is transposed retro-
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Table 2. Laparoscopic radical cystectomy - technical steps and options

Operative Step

Options

Comments

Positioning of patient
Trocar arrangement

Transperitoneal access

Incision of Douglas pouch and retrovesical dissection
Pelvic lymph node dissection

Division of ureters

Division of ovarian and uterine vessels

Division of umbilical ligaments and pedicles

Suturing of dorsal vein
Division of urethra

Incision of anterior vagina
Division of prostate pedicles

Deflected supine

Lithotomy For female patients
Semilunar In case of ileal conduit
W-shaped One port=urostoma
None Similar to open surgery
None None

Standard extended
None

Depending on surgeon
None

Endo-clips For female patients
Endo-GIA Depending on surgeon
Hem-o-Lok

Ligasure

None None

Closed by catheter Depending on technique
Closed by clip

None In female patients
Radical Depending on indication

Nerve-sparing

Depending on indication

Entrapment of specimen

Organ bag intra-abdominally

Transrectally

Retrieval of specimen

Mini-laparotomy
Transvaginal

Periumbilical, mid-line
Pararectal

Transrectal

peritoneally behind the sigmoid and both ureters are
sutured, stented and sutured to the ileal conduit using
interrupted sutures.

In the female patient, following transvaginal extrac-
tion of the specimen, the formation of an ileal conduit
can be carried out completely laparoscopically. For
this purpose a 20-cm ileal segment is isolated using
an endoscopic stapler. The ileoileal anastomosis is
made with antemesenteric side-to-side stapling and
closure of the remaining opening by endoscopic sutur-
ing. Then, the distal end of the ileal segment is pulled
out via an enlarged trocar incision in the right lower
abdomen and sutured to the skin. Via the thus created
urostoma, single J-stents can be introduced and both
ureters are stented and sutured to the ileal conduit in
a modified Wallace-type technique or individually
using interrupted sutures, according to Bricker’s tech-
nique.

Rectosigmoid Neobladder

Some authors feel that a sigmoid neobladder can be
reconstructed relatively easily in a complete laparo-
scopic manner, mainly because of the anatomical lo-
calization of the sigmoid in the pelvis [18, 19]. This
allows for a very stepwise construction of the reser-
voir from the back to the front of the sigmoid loop.
After its identification and proper orientation, the sig-
moid segment is incised antemesenterically and the
posterior wall created by a U-shape anastomosis of
the posterior wall using a continuous suturing tech-
nique. Now both ureters are implanted in a serous-
lined tunnel included in the posterior wall suture,
stitched by interrupted sutures and stented by use of
Mono-]J-catheters, which are exteriorized through the
rectal catheter. Finally the anterior wall is closed com-
pletely.
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Other Types of Urinary Diversion

Additionally, in the literature the formation of an
orthotopic sigmoid pouch [20], a continent ileal pouch
[21], and a prostatoenterocystoplasty after prostate-
and seminal vesicle-sparing cystectomy [22, 23] has
been described.

In the case of a pouch with continent catheterizable
stoma, the pouch is created outside the body, the ur-
eters are connected to the pouch, then the pouch is
dropped back into the abdomen, and the stoma is cre-
ated on the skin.

Postoperative Management

In the first night, all patients are monitored in the in-
tensive care unit for vital parameters and adequate
pain management. Parenteral nutrition was continued
until complete oral feeding. The drains are removed
after reduction of secretion below 50 ml. On day 10,
the ureteral stents are removed without cystogram.
The urethral catheter of neobladders is removed on
postoperative day 18, after 48 h of intermittent clamp-
ing every 2 h.

Discussion

The Concept of Laparoscopic Cystectomy

The successful introduction of laparoscopic radical
prostatectomy at the end of the last decade pioneered
by European urologists was a major step in the techni-
cal development of minimally invasive surgery [24-
26]. It was demonstrated that even complex ablative-

Table 3. Laparoscopic radical cystectomy with ileal conduit

reconstructive interventions in the pelvis could be
performed laparoscopically. Moreover, some studies
showed that despite initially longer operating times,
such procedures provided significant advantages for
the patient when compared to the open counterpart
[27, 28].

Therefore it seemed to be no more than a logical
step that at the beginning of this century the first cen-
ters reported their initial experience with laparoscopic
radical cystectomy [29, 30]. Similar to radical prosta-
tectomy, there were early reports in the 1990s showing
significant technical difficulties and therefore prevent-
ing the clinical introduction [31-33]. In the meantime,
an increasing number of urologists, including various
international centers, published their experiences with
laparoscopic radical cystectomy (Table 3).

As for the radical treatment of localized prostate
cancer, radical cystectomy deals with an initially abla-
tive procedure followed by a major reconstructive pro-
cedure in cases of laparoscopic assistance to urinary
diversion. Moreover, it also needs to be adapted to a
disease present in both genders, whether for malig-
nant indications or not.

In contrast to laparoscopic radical prostatectomy,
the numbers of the different series are still limited.
On the other hand, due to the disease, various techni-
cal procedures have been described concerning both
the radical cystectomy (i.e., anterior exenteration, rad-
ical cystoprostatectomy, prostate-sparing cystectomy)
as well as the type of urinary diversion (i.e., ileal con-
duit, continent pouch, neobladder) (Table 4).

Open radical cystectomy requires an abdominal in-
cision with prolonged retraction of the abdominal
wall. This maneuver leads to a high level of postopera-

Year Author No. OR time Laparoscopi- Reoperation = Complications Reference
(hours) cally assisted
1995 Puppo 4 6-8 Yes None None [31]
1995 Sanchez 1 8 Yes None Nerve (1) [32]
de Badajoz
2002 Gill 12 7-8 No 2 lleus (1), sepsis (1)  [12]
2002 Peterson 1 7 Yes None None [35]
2003 Popken 5 5-6 Yes/no None None [36]
2003 Rassweiler 4 6-7 Yes/no None Urine leak (1) [37]
2003 Hoepffner 10 6 Yes/no None Sepsis (1) [52]
2004 Van Velthoven 13 5-7 Yes None Rectum (1) [38]
2004 Sakakibara 11 7-9 Yes None lleus (4), leak (2) [39]
Total 62 2/62 (3%) 11/62 (17.7%)
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Table 4. Laparoscopic radical cystectomy with bladder replacement

Year Author No. Operating Diversion  Laparo- Reoperation Complication Refer-
time (hours) type scopic ence
assistance
1999 Denewer 10 8-10 Mainz Il Yes NA NA [29]
2002 Abdel-Hakim 8 7-12 lleal Yes 0 Thrombosis (1) [42]
2002 Chiu 1 8.5 lleal Yes 0 None [43]
2002 Tark 11 7-8 Mainz Il No 1 Pouch fistula (2) [19]
2003 Gaboardi 6 6-8 lleal Yes 0 None [40]
2003 Gill 3 8-12 lleal No 0 Vaginal fistula (1)  [41]
Gl bleeding (1)
2003 Paulhac 1 7.5 lleal Yes 0 Urine leak (1) [21]
2003 Hoepffner 25 7 lleal Yes 1 Cutaneous fistula  [52]
(1)
2003 Goharderakhshan 25 NA lleal Yes 3 Bleeding (2), sepsis [44]
(3), urine leak (3)
2003 Vallancien 20 NA lleal Yes NA NA [22]
2003 Popken 4 6-7 lleal Yes 0 None [36]
1 7 Mainz Il No 0
2003 Guazzoni 3 7-8 lleal Yes 0 None [23]
2003 Liu 5 7 Sigmoid Yes 0 NA [20]
2003 van Velthoven 15 7-9 lleal Yes/no 0 lleus (3) [38]
2 7-8 Mainz Il Yes/no Acute retention (1)
2003 Rassweiler 1 8 lleal Yes 1 Bleeding (1) [37]
2004 3 9-11 Sigmoid No 0 UTI (1), ureteral
stenosis (1)
Total 144 4.1% 15.3%

Perioperative complication rate: 22/144 (15.3%); reoperation (open) rate: 6/144 (4.1%)

tive pain, often requiring narcotic administration for
several days. Consequently patients remain hospital-
ized with continuous nursing needs for a long time
and normal activity is regained only slowly.

The main apparent advantage of the laparoscopic
radical cystectomy consists in less postoperative pain,
due in part to the smaller incisions made. No large
metal retractors are needed to keep the incision open,
which contributes also to reduced pain. In the laparo-
scopic approach there is also usually less blood loss,
thus minimizing the chances for blood transfusion.
Subsequently, patients are encouraged to be out of bed
and ambulate sooner. With quicker ambulation, many
patients also experience quicker return of bowel func-
tion. The diet is advanced from clear liquids to regu-
lar diet as the patient’s bowel function recovers, some-
times at day 2 postoperatively. Once patients can toler-
ate regular food and are walking about freely, they are
discharged home. In addition to these advantages, the
laparoscopic approach also offers a better cosmetic re-
sult due to the small and almost negligible incisional
scars over time.

Although there have been few studies that have ad-
dressed the effect of age and comorbid disease on out-
comes after laparoscopic urological procedures, candi-
dates for the laparoscopic procedure are the same as
for the open procedure - patients with organ-con-
fined, muscle-invasive bladder cancer who need cys-
tectomy whether or not they have a usable urethra.

In major laparoscopic procedures, the only variable
associated with increased risk of postoperative compli-
cations in the univariate analysis was estimated blood
loss. There was a trend toward increased postoperative
complications in patients with increased comorbidity,
but this did not reach statistical significance.

At the recent World Congress of Endourology, in
arguing against widespread use of the minimally inva-
sive procedure, deVere White cited recent research
suggesting that even traditional cystectomy appears to
be too demanding for many surgeons. A study pre-
sented at a recent meeting of the American Society of
Clinical Oncology and reported in Urology Times in
August 2003 evaluated 268 cystectomies performed by
106 surgeons at 109 institutions between 1987 and
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1998. In up to 62% of the cases, the surgeons removed
fewer than ten lymph nodes, increasing the risk for
recurrence. The study was conducted by Harry W.
Herr, a bladder cancer specialist at Memorial Sloan-
Kettering Cancer Center in New York.

Patients face more than a fivefold increased risk that
their cancer will recur, despite cystectomy, if fewer than
ten lymph nodes are removed. When the cancer does re-
cur, the survival rate is grim - less than 10% of these
patients live 5 years. The surgeons in the study who
did the fewest procedures had the worst track record.
But even the highest-volume surgeons removed too
few lymph nodes in one-third of their cases.

“Based on how well even traditional cystectomy, an
operation that has been taught for 50 years, is being per-
formed, and based on the skill required to perform la-
paroscopic cystectomy, widespread adoption of the la-
paroscopic technique would be unwise,” deVere White
said.

With regard to such conservative concepts, the ini-
tial European experience showed the feasibility and
safety of the technique, including all variations of uri-
nary diversion. Our goal was to translate the technical
steps routinely used in our open technique and to
standardize a laparoscopic protocol. At no moment in
our development in laparoscopy were we ready to ac-
cept compromising our oncological or functional re-
sults because of our surgical approach. Differences
with the open access are the immediate transperito-
neal approach, posterior dissection of the seminal ves-
icles, Denonvilliers fascia incision and lymphadenecto-
my possibly done after the cystoprostatectomy, for
staging purposes.

Beyond the unavoidable learning or discovery
curve, the mean laparoscopic operative time in our ex-
perience is 120-180 min, including the vesicoureteral
anastomosis when performed laparoscopically; the
average blood loss is below 500 cc. With regards node
sampling, no doubt that the laparoscopic approach en-
able surgeons to perform extended lymph node dis-
section yielding more than ten lymphatic nodes; this
skill is inherited not only from conventional ilio-ob-
turator dissection but also from the modified retro-
peritoneal templates performed laparoscopically.

Technical Difficulties of the Procedure

Although the first laparoscopic cystectomy was per-
formed in 1992, very few surgeons adopted the tech-
nique during the rest of that decade. Although it could
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be demonstrated that the ablative part of the proce-
dure does not cause major problems for experienced
surgeons, on the other hand, even for centers of exper-
tise, urinary diversion, particularly if performed intra-
corporeally, is a challenging operation. Over the last 3
years, however, more and more urologists have re-
ported performing laparoscopic cystectomy.

A significant number of reports are only available
as abstracts presented at the 2003 European Urology
Association, American Urological Association and
World Congress of Endourology meeting (Tables 3,
4). Therefore a detailed analysis remains difficult.
However, most of the reports do not differ signifi-
cantly with respect to operating time and the type
and frequency of the observed complications. In the
meantime, apart from the gastric pouch, all contem-
porary types of urinary diversions have been realized
either with laparoscopic assistance or even completely
intracorporeally. It is evident that the OR time mainly
depends on the type and technique of urinary diver-
sion. We were able to collect 206 reported cases
worldwide. The incidence of complications (15.3%-
17.7%) as well as the reintervention rate (3.4%-4.1%)
reflect the technical difficulties of the procedure even
in the hands of laparoscopically experienced surgeons.
On the other hand, it is obvious that such problems
are largely linked to the learning curve of the tech-
niques and mainly concern the reconstruction of the
urinary diversion (i.e., urinary leakage, urine fistula,
ileus) rather than the radical cystectomy itself, which
requires usually only 2-3 h.

The main questions raised of course concern the re-
spect of oncological bases of radical cystectomy and the
risk of transitional cell spillage during the procedure.

Transitional cell carcinoma is much more aggres-
sive than, for instance, adenocarcinoma of the pros-
tate, both in terms of the development of local recur-
rence and progressive metastatic disease. There have
already been reports of disease-specific mortality after
a short-term follow-up [6, 34]. Although recent studies
could not reveal any specific risk factors for the devel-
opment of port-site metastases related to the laparo-
scopic technique, most of the reported trocar metasta-
ses, in the field of urology, have been observed in
cases of transitional cell carcinoma [37, 45]. Such is-
sues require further prospective long-term studies.

Moreover, there have been oral reports on unusual
abdominal metastases observed after laparoscopic cys-
tectomy. These cases exclusively concern cystectomies
associated with prostate apex preservation in view of
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performing optimal nerve-sparing laparoscopic cystec-
tomy [22]. Indeed, beyond the specific risk of inciden-
tal prostate cancer [46], this technique also implies a
wide opening of the bladder neck in the presence of
possible residual tumor material in the bladder lumen.
We strongly believe, as do others [11, 12], that the
bladder should be removed remaining strictly closed
and that the urinary pathway should be divided only
after securing by clips or ligations. Moreover, with re-
spect to the same risk of transitional cell spillage, the
lack of tactile control and the risk of dysplasia of the
upper tract or of the urethra make frozen sections of
these organs mandatory.

Sticking also to the rules of classical radical cystec-
tomy [47] implies performing the procedure through a
strict transperitoneal approach, allowing for the re-
moval of the peritoneal coverage of the bladder. This
explains our choice of a systematic supraumbilical tro-
car on the midline for the lens as well as the relatively
high position of the upper right trocar, at the horizon-
tal level of the former one. This latter position allows
the scissors held in the surgeon’s right hand to per-
form a high, juxtaumbilical section of urachus and of
umbilical ligaments. This maneuver allows the open-
ing of the Retzius space, avoiding an excessively long
way into the perivesical fat as well as useless maneu-
vers to improve the visibility on bladder limits. Tacti-
cal reasons related to the size of the specimen delay
this anterior exposure until the moment where the
posterior dissection is completely achieved, releasing
the specimen from the prerectal space and dividing
the upper pedicles and the ureters.

The same logical features of an antegrade proce-
dure explain the stepwise progression, following the
ureters from the crossing with the iliac vessels, per-
forming an extended pelvic lymph node dissection
and securing successively the superior, the inferior
vesical arteries as well as the vesicoprostatic arteries
in the male [11]. Attention should nevertheless be
paid to avoid premature division of the pedicles adja-
cent to the seminal vesicles, in view of an optimal pre-
servation of the neurovascular bundles. This dissec-
tion should be delayed until the anterior attachments
of the bladder are released and the endopelvic fasciae
are opened on each side of the prostate. Lifting the
entire specimen towards the upper opposite side then
allows the antegrade dissection of the neurovascular
bundles with the appropriate tools. For the same rea-
sons, the use of blind wide diathermy or of endo-
scopic staplers should be prohibited.

So far, it is illustrated here that even for the experi-
enced surgeon, laparoscopic radical cystectomy with
urinary diversion is a technically challenging proce-
dure. We believe that this technique is here to stay yet
easily reproducible and therefore also indicated for pa-
tients affected by clinically organ-confined invasive
bladder cancer, as long as we continue to carefully re-
spect the rules of oncologic surgery for TCC, it may
become a standard of care even in the elderly.

Extracorporeal, Hand-assisted
or Intracorporeal Creation
of Urinary Diversion

There is no doubt that the actual reported operative
techniques require further standardization. Some
authors emphasize their completely intracorporeal
procedure [9], whereas others focus on the advantages
of a laparoscopically assisted or even hand-assisted
technique [11, 35]. We feel that an entirely laparo-
scopic approach should only be performed if the re-
trieval of the specimen can be accomplished without
an additional incision (i.e., transvaginally, transrec-
tally) or if the urinary reservoir cannot be recon-
structed via a mini-incision as in case of rectosigmoid
pouch or of sigmoid neobladder.

With regard to the possibility of hand-assisted lap-
aroscopic cystectomy, as stated by Moinzadeh et al.
[12], we believe that the presence of the operator’s
hand may actually compromise exposure during pelvic
surgery dealing with a large specimen in a reduced
workspace. Moreover, skilled surgeons generally have
an extensive experience with laparoscopic prostatecto-
my before starting cystectomy; it is therefore unlikely
they will require hand assistance for an easier proce-
dure.

In cases of the ileal conduit in male patients, the
extended paraumbilical trocar incision can be used
subsequently for the retrieval of the specimen, the for-
mation of the ileal conduit, the ileoileal anastomosis,
the creation of the ileostoma and the placement of the
ureteral stents. Therefore any type of intracorporeal
technique seems to represent an unnecessary prolon-
gation of the operating time, without true benefit to
the patient. Already laparoscopic radical nephrectomy
and living donor nephrectomy have shown that a 5-
to 8-cm mini-incision does not increase the access
morbidity significantly. In case of urinary diversion,
the combined technique leads to a significant reduc-
tion in the operating time.
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Table 5. Laparoscopic urinary diversion — technical steps and options

Operative Step Options

Comments

None
Intracorporeally

Transposition of ureter
Creation of reservoir

Extracorporeally
(laparoscopically assisted)
lleal pouch

Ureteral anastomosis Intracorporeally

Extracorporeally

Urethral anastomosis Intracorporeally

Not for sigmoid-neobladder or neopouch
Sigmoid neobladder

Sigmoid pouch

lleal conduit in females

lleal conduit in males

lleal neobladder

Sigmoid neobladder
Sigmoid pouch

lleal conduit

lleal neobladder

lleal pouch

All continent diversions

In cases of orthotopic bladder replacement, the ad-
vantages of the laparoscopic vesicourethral anastomo-
sis are to be considered in terms of immediate water-
tightness to increase early continence and avoid any
subsequent stenoses.

The various options available for urinary diversion
are summarized in Table 5.

Involvement of Robotics in the Field
of Laparoscopic Radical Cystectomy

Two groups recently reported their early experience
with the use of Da Vinci telemanipulators in the field
of laparoscopic radical cystectomy [48] followed by in-
tracorporeal creation of an ileal bladder [49]. The role
of the robotic arms was essentially limited to the
nerve-sparing dissection during the ablative time and
to the vesicourethral anastomosis, in cases of neoblad-
ders. This adds to the catalogue of urologic proce-
dures already described with robotic assistance [50,
51]. Further functional results are still awaited to eval-
uate the true return of this investment in the fields of
reduced operative times, improved erectile function
and optimal neobladder.

Perspectives of Laparoscopic
Radical Cystectomy

Radical cystectomy remains the gold standard for
muscle-invasive bladder cancer and high-risk superfi-
cial tumors resistant to intravesical therapy, and a lap-
aroscopic approach can reproduce open surgery. Op-

erative times for these radical procedures, however, re-
main longer than those for open surgery. Blood loss is
less and patients recover more quickly.

The learning curve of laparoscopic radical cystecto-
my may take several years to final perfection, as al-
ready realized with laparoscopic radical prostatectomy.
One reason is the significantly lower incidence of the
procedure.

The operating time obviously has to be reduced
significantly to minimize the associated morbidity of
the procedure. On the other hand, there are no princi-
ple technical obstacles and increasing experience may
lead to a dramatic reduction of operating times in the
near future. New trends in this field may concern the
improvement of suturing devices or the availability of
adsorbable staples to reduce the time devoted to
building neobladders.

Furthermore, patients have to be followed carefully
with respect to long-term functional and oncological
results.

Laparoscopic cystoprostatectomy is a feasible, fast,
safe and rather easy procedure, yet, at present, laparo-
scopic radical cystectomy is still an operation for pio-
neers, but in our opinion this procedure may be not
strictly relegated to a few centers of expertise in the
future. We are optimistic that laparoscopy is likely to
play a viable role in the future management of mus-
cle-invasive bladder cancer.

Patients treated with this technique benefit from all
the advantages associated with laparoscopic surgery,
which are not reduced by the external reconstruction
of a urinary diversion performed through a mini-lapa-
rotomy.
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Introduction

Prostate cancer is one of the most common causes of
cancer mortality in men [I, 2]. Only in cases of or-
gan-confined disease will curative treatment strategies
be possible. If pelvic lymph nodes metastases of pros-
tate cancer are present, a radical treatment such as
radical prostatectomy, internal or external radiother-
apy will not influence the prognosis in a positive
manner [3, 4]. With the advent of prostatic specific
antigen (PSA) testing nowadays, most men with pros-
tate carcinoma will have a low risk of pelvic lymph
node involvement. Therefore, curative treatment strat-
egies are routinely carried out without pelvic lymph
node dissection. Although the risk of lymph node me-
tastases can be estimated using a combination of se-
rum PSA level, Gleason grade and clinical stage, 2%-
30% of patients with presumed localized prostate can-

Laparoscopic Pelvic Lymph
Node Dissection
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cer are still found to have lymph node metastasis
[5, 6]. Improvements in detecting lymph node metas-
tases for staging with all currently available imaging
techniques, such as MRI, CT scan, ultrasonography
and iliopelvic scintigraphy have so far been unsuccess-
ful because of a low specificity and sensitivity [7-9].
These techniques are based on detecting enlarged
lymph nodes, which results in a significant false-nega-
tive rate for lymph nodes that are not enlarged but do
consist of metastases. Another possible approach is
the combined use of CT and fine needle aspiration
[10, 11]. It enhances the accuracy rate compared to
imaging alone. Still, the practical role is limited to a
select group of patients that are at very high risk for
lymph node metastases.

Contrast-enhanced techniques in combination with
MRI might improve the sensitivity because they can
possibly detect metastatic deposition within the lymph
nodes [12]. Laparoscopy for pelvic lymphadenectomy
in prostate cancer was first described by Scheussler
and associates [13]. So far, it has been proved that la-
paroscopic pelvic lymph node dissection (PLND) al-
lows a more accurate staging in high-risk prostate
cancer compared to MRI or CT [14].

Indications

Not all patients with a diagnosed prostate cancer will
need a lymphadenectomy. Furthermore, improved de-
tection of localized prostate cancer through the insti-
tution of screening protocols and early detection pro-
grams has decreased the number of patients present-
ing with lymph node involvement. Therefore, patients
with a newly diagnosed prostate cancer have to be
stratified into risk categories in order to estimate the
risk of lymph node metastasis. Since 1992, several
strategies have been developed in order to predict the
change of lymph node metastases in prostatic carcino-
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Table 1. Risk profiles for pelvic lymph node metastases in
prostate cancer ()

Risk group (in %)
Low (2%)

Gleason sum <7, and PSA <10, and
clinical stage <T2c

Gleason sum 7, or PSA 10, or clinical
stage T2c

Gleason sum 7 and PSA 20 or
Gleason sum 8 and PSA 10 or

PSA 50

Moderate (20%)

High (40%)

PSA in ng/ml

ma. In 1997, Partin et al. [5] published nomogram ta-
bles predicting pathological stage using clinical stage,
Gleason score and PSA. This table was validated by
Blute et al. in 2000 [15]. Also, other groups developed
algorithms, nomograms and artificial networks.
Although other factors such as the number of positive
prostate biopsies and seminal vesical involvement at
biopsy were introduced as independent predictors for
risk of lymph node metastases, the Gleason score, PSA
and clinical stage remain the best predictive factors
[16-22]. All studies showed that patients can be strati-
fied into risk groups. Patients with a serum PSA level
of less than 10 ng/ml, a Gleason sum under 7 and
clinical stage under T2c are defined as those who are
at low risk for pelvic nodal metastatic involvement.
For example, when in this group the prostate biopsy
identifies a tumor with a Gleason grade of 4 or more,
the risk for nodal metastases is less than 5% [22].
Based on PSA, the biopsy Gleason sum, and clinical
stage, patients are stratified into low-, moderate- and
high-risk groups (Table 1), with 2%, 20% and 40%
risk for metastatic lymph nodes, respectively. The cut-
off values for the risk factors are a serum PSA of
10 ng/ml, clinical stage T2c, and Gleason sum 7. This
means that patients at low risk do not require a pelvic

lymph node dissection. Those at moderate risk do
need a lymphadenectomy prior to localized follow-up
treatment such as brachytherapy and perineal radical
prostatectomy. In this group, a lymph node dissection
can be performed at the same session as open or la-
paroscopic radical prostatectomy. In patients who have
a high risk for nodal metastatic involvement, the
lymph node dissection should be performed in a sepa-
rate operative session prior to definitive local therapy.
Lymph node dissection is advised when men are con-
sidered for salvage therapy after biopsy-proven persis-
tent or recurrent adenocarcinoma of the prostate.

Contraindications

In the field of urologic laparoscopic procedures, the
pelvic lymphadenectomy is technically relatively less
demanding, although for the less experienced laparos-
copists it can still be more time-consuming than an
open procedure [23].

Guazzoni et al. [24] showed that the accuracy of
the laparoscopic dissection improved after the first 20
cases. In patients who underwent an open surgical re-
vision of the dissection area at laparoscopic PLND,
the number of lymph nodes left behind decreased as
the laparoscopic experience increased.

For every procedure, we have to keep in mind that
the main purpose is accurate staging of the prostatic
carcinoma disease. Furthermore, the technique itself
should be safe to perform and economically effective.

In general, the contraindications that apply for in-
traperitoneal laparoscopy will also be valid for the
laparoscopic pelvic lymphadenectomy (Table 2). Abso-
lute contraindications are a severe chronic pulmonary
obstructive disease, a current peritonitis or intestinal
obstruction, bleeding diatheses, infections of the ab-
dominal wall, and suspected malignant ascites.

Table 2. Contraindications for laparoscopic pelvic lymph node dissection for staging in prostatic carcinoma

Absolute contraindications

Relative contraindications

Relative contraindications
for extraperitoneal approach

Extensive prior abdominal surgery

B Prior lower abdominal surgery
B Prior pelvic surgery
B Prior inguinal hernia surgical repair

B Severe chronic pulmonary obstructive M
disease B Organomegaly
B Current peritonitis B Pelvic fibrosis
B [ntestinal obstruction B Aneurysms of aorta or iliac arteries
B Bleeding diatheses B Ascites
B Infections of the abdominal wall B Morbid obesity
B Malignant ascites B Severe hernia of diaphragm




Relative contraindications are those conditions that
can cause potential difficulties in performing a laparo-
scopic procedure. These cases will be more technically
challenging and the risk for bleeding or causing dam-
age to intra-abdominal organs will be increased. Mor-
bid obesity is associated with a higher complication
rate than in patients with a normal body habitus.
Mendoza et al. [25] showed that the risk for one or
more intraoperative or postoperative complications in
morbidly obese patients is 30%. Extensive prior ab-
dominal surgery, organomegaly, aneurysms of the aor-
ta or iliac arteries and ascites will require close atten-
tion and a cautious approach in obtaining the pneu-
moperitoneum and placement of the trocars because
of a higher risk of organ and vascular injury. It has
been shown that peritoneal adhesions are most com-
monly caused by intraperitoneal or transperitoneal
surgery [26]. Pelvic fibrosis due to previous pelvic sur-
gery, radiation therapy or peritonitis can make it im-
possible to create the adjusted working space or to ex-
plore the target region of interest. Also, previous hip
replacement surgery can cause a pelvic fibrosis and
inflammation, especially of the obturator lymph node
region, due to leakage of the sealant. A severe hernia
of the diaphragm can give a possible leakage of CO,
into the mediastinum and cause postoperative clinical
complications. Obtaining access at sites of an existing
hernia of the abdominal wall is not possible. This
should be considered in preplanning of the port place-
ment when laparoscopic surgery is intended.

Relative contraindications for the extraperitoneal
approach are previous lower abdominal or extraperi-
toneal surgery or inguinal hernia surgery. In these
cases it can be difficult to develop a working space.
When attempting to create the working space, the
peritoneal membrane will often tear. The possible
leakage of carbon dioxide into the peritoneal cavity
causes a collapse of the extraperitoneal working space
and can make the dissection impossible.

Preoperative Preparation
and Patient Positioning

A light meal is administered the evening prior to sur-
gery. There is no strict need for prophylactic antibio-
tic medication or bowel preparation. Although some
urologists prefer bowel enemas in case a difficult dis-
section is anticipated or a transperitoneal approach is
used, or when the lymph node resection will precede
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Fig. 1a,b. Dorsal supine position of the patient with the
arms padded and fixated alongside the body. a Lateral view
and b transverse view at thoracic level

a laparoscopic radical prostatectomy. The use of one
kind or a combination of antiembolic prophylactic
preparations such as pneumatic stockings, elastic
stockings or low-molecular-weight heparin drugs is
advocated.

After general anesthesia is obtained, a transurethral
Foley catheter is placed for bladder drainage, a naso-
gastric tube is placed in the stomach and the operative
area is shaved. The patient is placed in the dorsal su-
pine position. The arms are padded and fixated along-
side the body with a blanket (Fig. 1a,b). Special atten-
tion is needed for bolstering the intravenous catheters
to prevent lacerations due to pressure. The surgeon
will have more space to maneuver when the arms are
tucked to the sides. The lower extremities will be
spread at the hip joints with a 25°-30° angle, allowing
free access to the perineum and rectum if needed. A
sterile scrub is done from the xiphoid process to the
pubis and from the left to right midaxillary line. Ster-
ile drapes are placed. Furthermore, the video column
with light-source and insufflator is placed between the
legs (Fig. 2). At this position, the screen will be near-
by and in a straight line with the surgeon’s and the as-
sistant’s working position.

The operating surgeon stands at the contralateral
side, whereas the assistant surgeon stands at the ipsi-
lateral side of the lymph node dissection. The lower
extremities are slightly bent to 15°-20° at the knee
joints and are fixed with a knitted standard tubular
20-cm-wide bandage. This will prevent the patient
from dislocation in the cranial direction when it is
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Fig. 2. Overview of position of the patient, surgeon, assis-
tant surgeon, operating assistant and video column. The
legs are spread 25°-30°

tilted towards a Trendelenburg position (Fig. 3). The
angle of the Trendelenburg position (15°-25°) depends
on the approach to the pelvis used: intraperitoneal or
extraperitoneal. In order to prevent jeopardizing the

vascularization, the fixating bandage should be not
too tightly bound. A compartment syndrome can be
caused due to excessive pressure in prolonged proce-
dures. Some surgeons will also strap the chest to pre-
vent the patient from sliding, when Trendelenburg or
lateral rotation positioning is requested, and to avoid
scapular pain related to pressure on shoulder rests [27].

Techniques

A laparoscopic pelvic lymph node dissection can be
performed via a transperitoneal or extraperitoneal
route. Both techniques can be used before a radical
prostatectomy during the same operative session in
those patients who have an indication for lymph node
dissection. In this case, the position, number and size
of the ports that are needed will be determined by
what is needed to perform a laparoscopic radical pros-
tatectomy. In cases where only a lymph node dissec-
tion is needed as a staging procedure, four ports in a
diamond-shaped configuration are sufficient (Fig. 4a).
Two trocars, the umbilical and one of the lateral ones,
should be 10-12 mm in size. The umbilical port will
be used for the camera, and the lateral port is used
for specimen retrieval. The left and right lateral ports
are at McBurney’s point in the midclavicular line. The
other two trocars are 5 mm in size. An additional fifth
5-mm trocar can be needed to create an optimal
working space when there is a severe optical obstruc-
tion due to intra-abdominal obesity or a shift of the
bowels towards the pelvis. This fifth trocar can be
placed between the umbilical and lateral trocars. In
case of extreme obesity, five trocars can also be placed
in a U-shaped configuration at the start of the proce-
dure (Fig. 4b).

Although the surgeon may have a favorite tech-
nique, there can be existing conditions or relative con-
traindications that favor obtaining a pneumoperito-
neum with an open access instead of insertion with a

Fig. 3. Lateral view of operating table.
Approximately 15°-25° Trendelenburg
position and 15°-20° bending of the
knees. Bandage strapping of knees and
chest to avoid sliding



Fig. 4a,b. Position of trocar placement.
a Diamond-shaped configuration, and
b U-shaped configuration in morbidly
obese patients

Veress needle, and an extraperitoneal instead of an in-
traperitoneal approach towards the obturator lymph
nodes. An open access is advocated in cases of orga-
nomegaly, ascites, and extensive prior abdominal or
pelvic surgery. An extraperitoneal approach is recom-
mended in conditions such as iliac or aortic aneu-
rysms, extensive prior abdominal surgery, and dia-
phragmatic hernia (Table 3). Alternatively, in this last

N
e

6.1 Laparoscopic Pelvic Lymph Node Dissection 121

— o~

y g
\5%\ /%%
\

n 5

2

group of patients, the procedure can be initiated retro-
peritoneally and the peritoneum then entered [28].
Some laparoscopists believe that in patients with
morbid obesity it can be helpful to increase the ab-
dominal pressure above the level of 15 mmHg in order
to create a better working space. McDougall et al.
showed in a pig model that increasing the abdominal
pressure increases the volume of CO, insufflated.

Table 3. Laparoscopic, open modified and mini-laparotomy technique for pelvic lymph node dissection for prostatic carci-

noma. Comparative studies

Technique Number of Average Average Average Average
patients number of operative hospital stay  convalescence
nodes time (min) (days) (days)
dissected
Winfield et al. 1992 OPLND 26 24 124 6.5 17
[34] LPLND 89 9 154 1.5 7
Parra et al. 1992 OPLND 12 11 - - -
[35] LPLND 12 10.7 185 - -
Kerbl et al. 1993 OPLND 16 - 102 53 429
[36] LPLND 30 - 199 1.7 4.9
Herrell et al. 1997 OPLND 38 9.2 (n27) 72 6.5 -
[41] LPLND 19 8.5 (n9) 168 2.7 -
MPLND 1 8.8 (n5) 59 33 -
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However, this additional volume did not significantly
change the actual abdominal volume [29].

Once the pneumoperitoneum is established and the
first trocar is placed at the umbilicus location, a 0°
optical lens with camera is introduced. Subsequent
trocar placement is accomplished under direct vision.
Each entry site is inspected for unsuspected intra-ab-
dominal injury.

Transperitoneal Laparoscopic Pelvic Lymph
Node Dissection

Pneumoperitoneum is created by either inserting a
Veress needle or the open Hasson laparoscopic
approach at the inferior crease of the umbilicus. Car-
bon dioxide is insufflated to 15 mmHg pressure via
the Veress needle or the 10- to 12-mm trocar sheath
unit is inserted into the peritoneal cavity. Inspection
of the intraperitoneal contents with a 10-mm, 0° lapa-
roscope ensures absence of visceral injury. All three or
four other working ports are introduced under direct
vision. Once the ports are inserted, the patient is
placed in a 15°-25° Trendelenburg position with ap-
proximately a 30° lateral rotation towards the surgeon,
in order to raise the side of the operative target. This
allows the bowel to gravitationally fall away from the
planned lymphadenectomy field, centered over the
iliac vessels and obturator fossa.

Extraperitoneal Laparoscopic Lymph
Node Dissection

An infraumbilical midline or right paraumbilical inci-
sion is made and carried down to the rectus abdomi-
nis aponeurosis. The posterior rectus fascia is exposed
after incising the anterior rectus fascia and blunt dis-
section in a vertical manner of the rectus muscle fi-
bers. Stay sutures are placed in the rectus fascia.
Along the posterior rectus sheath, the preperitoneal
plane is digitally initiated towards the back of the
pubic bone. A commercial or homemade balloon tro-
car is then inserted and inflated with approximately
1,000 ml saline or air. This is kept in place for 5 min
in order to obtain hemostasis of small torn vessels.
After deflating and removing the balloon, a blunt Has-
son-type sheath is inserted and secured with the pre-
viously placed stay sutures. Carbon dioxide is insuf-
flated up to 15 mmHg. All other ports will be intro-
duced under laparoscopic vision (0°). After placing
the first port cranial to the pubic bone in the midline,

it can be necessary to continue the dissection in order
to completely free the posterior aspect of the rectus
muscle at both sides. The lateral ports should not tra-
verse the peritoneal membrane because leakage of car-
bon dioxide into the peritoneal cavity will cause insuf-
flation of the intraperitoneal space, and thus collapse
of the extraperitoneal space. Small tears can be closed
with a laparoscopic suture in an attempt to prevent
leakage to the peritoneal cavity.

Modified Dissection
and Anatomical Landmarks

It is important to identify the anatomical landmarks.
In a transperitoneal approach, the pulsating external
iliac artery can normally be easily identified. Some-
times they are covered with the overlying sigmoid co-
lon at the left side, the cecum at the right side or the
small intestine with associated adhesions. After mobi-
lizing these organs, the iliac region must be visible.
The external iliac vein is posterior to the external iliac
artery. The vein is the lateral-anterior border of the
dissection. The spermatic cord can sometimes be hard
to recognize. It crosses in a medial direction from the
inguinal ring toward the posterior side of the bladder.
Traction at the ipsilateral testicle can help to identify
the cord. Medial of the vessels is the umbilical liga-
ment, which is in fact the obliterated umbilical artery.
In order to access the lymph nodes, an incision with
the scissors of the posterior peritoneal membrane
must be made, beginning just lateral to the umbilical
ligament and medial to the pulsating external iliac ar-
tery, at the level of the crossing vas deferens extending
cranial toward the bifurcation of the common iliac ar-
tery (Fig. 5a). One must be cautious at the level of the
bifurcation because at this level the ureter may cross
the common iliac vessels.

When the vas deferens is lifted toward the pubic ra-
mus, the dissection starts with gently pulling the fi-
broadipose tissue medially with a grasping forceps
and a careful blunt dissection of the lymphatic and
connective tissue off the external iliac vein. When de-
veloping this first part of the lateral plane, one can
identify the muscle fibers of the pelvic floor. Small
vessels and lymphatic channels close to the vein
should be coagulated with a bipolar forceps or clipped
and divided in order to prevent bleeding and postop-
erative lymphoceles. This is the lateral border of the
dissection. Often in this area, near the pubic bone, a
circumflex vein runs into to the external iliac vein. If
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Fig. 5a-c. Landmarks in laparoscopic transperitoneal pelvic
lymph node dissection. a incision of the posterior perito-
neum, b Start of the dissection with the node of Cloquet,
and c developing the plane of the lymph node dissection
in cephalad direction toward the iliac bifurcation
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necessary, it can be clipped and divided without any
harm. This plane will be followed caudally to the
junction with the pubic bone where the lymph node
of Cloquet is situated (Fig. 5b). This node must be in-
cluded in the dissection and is the inferior border of
the package. With the assistant retracting the nodal
tissue to the lateral side, the medial border of the
lymph node package can be developed by blunt dis-
section between the medial umbilical ligament and the
nodal tissue. The obturator nerve and associated ar-
tery and vein are often identified at this point in the
dissection and must be carefully protected. The use of
monopolar coagulation should be avoided until the
obturator nerve has been identified. After the medial,
lateral and caudal aspects of the obturator lymph node
tissue have been defined, the nodal tissue can be re-
tracted cephalad. This provides a clear view at the ob-
turator nerve (Fig. 5c). Reaching the superior border
of the package at the common iliac bifurcation, the re-
maining connective tissue is thinned and divided after
clipping or bipolar coagulation.

The landmarks in an extraperitoneal approach are
similar as for the transperitoneal approach, except
that the region of interest is now not covered with the
posterior peritoneal membrane and thus lymph node
dissection proceeds directly onto the iliac vessels,
which are often already exposed. The vas deferens is
pushed cephalad with the peritoneal membrane and
thus will not be identified as a structure running form
the inguinal ring toward the medial side.

Closure

After the nodal tissue of the last side is removed un-
der direct vision through the 10- to 12-mm lateral
port, the intra-abdominal pressure is decreased to
5 mmHg and the left and right iliac areas are in-
spected carefully for adequate hemostasis. If this is
the case, all ports can than be removed under direct
vision in order to check for significant bleeding of the
abdominal wall. After complete desufflation of the ab-
domen, the fascia of the 10- to 12-mm sites is closed
with Vicryl sutures. The skin is intracutaneously
closed at all sites with soluble sutures.

Extended Dissection

The extent of the lymphadenectomy can vary from
limited dissection of only the obturator fossa to an ex-
tensive dissection, including external iliac nodes, hy-

pogastric nodes and presacral nodes. Most urologists
will perform a modified lymph node dissection, as is
described earlier (external vein laterally, the obturator
nerve and hypogastric artery posteriorly, the node of
Cloquet distally, and the bifurcation of the iliac vein
proximally). Debate continues on the extent of lym-
phadenectomy that is required for appropriate staging
of the prostate c