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COMPLEX LAPAROSCOPIC PARTIAL NEPHRECTOMY FOR
RENAL HILAR TUMORS

KAREN REISIGER, RAMAKRISHNA VENKATESH, ROBERT S. FIGENSHAU,
K. TY BAE, AND JAIME LANDMAN

ABSTRACT
bjectives. To evaluate our experience with laparoscopic partial nephrectomy (LPN) for tumors located
djacent to the renal hilum. Continued advances in laparoscopic technology and technique have made LPN
easible for increasingly anatomically complex tumors.

ethods. A retrospective chart review was performed of all patients who underwent LPN at Washington
niversity. We identified 8 patients who had undergone LPN between December 2001 and September 2004

or hilar tumors that were defined as those located within 5 mm of the renal hilar vessels. The data were
etrospectively analyzed for parameters, including operative time, morbidity, and postoperative course.
esults. LPN was successfully completed in all 8 patients without conversion to an open or hand-assisted
pproach. The indication for nephron-sparing surgery was elective in 6 patients and imperative in 2. The
ean operative time was 3.0 hours (range 2.5 to 3.5), and the mean estimated blood loss was 188 mL

range 30 to 700). All patients had negative margins on the final pathologic examination. No intraoperative
omplications occurred. Nine postoperative complications developed in 6 patients. They included hemor-
hage in 1, fever in 1, ileus in 1, urinary tract infection in 1, urine leak in 4, and transient postoperative
europathy in 1 patient.
onclusions. With adequate laparoscopic experience, LPN for hilar tumors is a reasonable surgical option.

n our experience, the procedure was associated with an increased risk of urine leak. Preoperative placement
f a ureteral catheter to help delineate collecting system violations and routine postoperative stenting may
educe the incidence of this complication. UROLOGY 65: 888–891, 2005. © 2005 Elsevier Inc.
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istorically, open radical nephrectomy has been
the treatment of choice for renal masses,1 with

ephron-sparing surgery reserved for imperative in-
ications.2 However, successful outcomes with
ephron-sparing surgery have prompted its applica-
ion to patients with nonimperative indications.
pen partial nephrectomy has evolved into an ac-

epted standard of care for the treatment of small
enal tumors (less than 4 cm), because the procedure
as demonstrated equivalent recurrence-free survival
ompared with radical nephrectomy in properly se-
ected patients.3–7

Preliminary efforts to perform laparoscopic par-
ial nephrectomy (LPN) evolved in an attempt to
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mprove patient outcome, morbidity, and mortal-
ty. LPN initially entailed wedge resection of small,
eripheral, exophytic tumors. As the technology
nd surgical expertise have improved, the indica-
ions for LPN have expanded.8
To date, most LPN series have focused on estab-

ishing efficacy for the treatment of easily accessi-
le peripheral tumors, but little has been written
n the outcomes of patients with central or hilar
umors complicating the procedure. The difficulty
nd increased incidence of complications associ-
ted with treating central tumors has been docu-
ented with open partial nephrectomy.9,10 We re-

iewed our experience with LPN of masses located
ithin 5 mm of the renal hilum.

MATERIAL AND METHODS

The Washington University School of Medicine Human
tudies Committee provided permission for review of the pa-
ient charts. We performed a retrospective chart review of all
atients with hilar tumors undergoing LPN and collected rel-

vant preoperative, operative, and follow-up data. Between

0090-4295/05/$30.00
doi:10.1016/j.urology.2004.11.026
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ecember 2001 and September 2004, 136 patients underwent
PN, with 8 (6%) identified as having undergone LPN for hilar
umors by three surgeons. One surgeon had completed the 5
ost recent cases and three surgeons had completed 1 case

ach. Hilar tumors were defined as those within 5 mm of the
ilar vasculature as determined by preoperative computed to-
ography (CT) or magnetic resonance imaging (MRI). A rep-

esentative tumor is depicted in Figure 1.
The preoperative evaluation for each patient incorporated a

tandard staging workup, including contrast-enhanced CT or
RI to evaluate the standard staging and renal lesion parameters,

ncluding location, size, depth, and relation to hilar vessels and
ollecting system. All patients provided informed consent regard-
ng the risks of LPN. Specifically, the risks associated with sur-
ery in close proximity to hilar structures, including vascular
ompromise and urine leakage, were discussed. Each patient was
lso provided an explanation of the surgical alternatives, includ-
ng open and laparoscopic radical nephrectomy, open partial ne-
hrectomy, and ablative technologies.
Both retroperitoneal (n � 3) and transperitoneal (n � 5) ap-

roaches were used. The decision of the optimal approach was
ade by each surgeon after consideration of the individual pa-

ient characteristics such as previous abdominal surgery, ana-
omic tumor location, and a previous history of peritonitis.

LPN was completed using a standard transperitoneal or ret-
operitoneal approach. Preoperative retrograde externalized
reteral catheters were placed in 2 patients to facilitate delin-
ation of the collecting system during renal reconstruction.

The technical challenge associated with hilar tumors neces-
itated precise and extensive dissection of the hilar vessels,
nd clamping of the main renal artery with bulldog clamps was
erformed in 7 patients (88%). In 3 patients, bulldog clamping
f the renal vein was also performed. To facilitate tumor exci-
ion, extensive hilar dissection was necessary in all cases. After
xtensive dissection, selective segmental artery (n � 4) and
ein (n � 2) ligation was performed in 4 patients (50%). In
hese 4 patients, the tumors were immediately adjacent to
egmental vessels, and complete excision with a negative tu-
or margin was possible only by selective ligation of the seg-
ental vasculature. After hilar clamping, the tumors were re-

ected using either the harmonic scalpel or cold scissors. We
nitially used the harmonic scalpel early in the series but found
hat cold scissors improved excision because of the curvature
f the scissor blades and better appreciation of normal renal
arenchymal tissue under vascular control. Intraoperative ul-
rasonography was used in 2 patients to delineate the local
natomy and the tumor depth. Collecting system entry was
pparent in 5 of the 8 patients. The collecting system closure
as completed with interrupted or figure-of-eight Vicryl su-

IGURE 1. View of 2.1-cm left kidney mass within 2
m proximity to hilar vessels.
ures using an intracorporeal suturing technique. w

ROLOGY 65 (5), 2005
Multiple modalities were used for hemostasis, as per sur-
eon preference. Hemostasis was achieved using fibrin glue in
ll patients, Surgicel in 3, the Floating Ball (TissueLink, Dover,
H) monopolar device in 4, argon beam coagulation in 2, and

urgicel with bolstering sutures in 3 patients. The decision of
hat combination of closure and hemostatic techniques was
sed was partially dependent on when each case was per-

ormed. Early in the series, argon beam and fibrin glue were
he predominant methods of closure. More recently, we have
een using the Floating Ball monopolar device for vascular
ontrol combined with intracorporeal suturing over bolsters.

Postoperative indwelling double-J stents were deployed in
patients with recognized violation of the collecting system.

ntrarenal cooling was used for parenchymal hypothermia in 1
atient early in the series.11 Extensive laparoscopic experience
as allowed our ischemic times to average 25 minutes (maxi-
um 34). As such, we believe that parenchymal hypothermia

s not required for most patients. All tumors were removed
ntact in an EndoCatch (Ethicon Endosurgery, Cincinnati,
hio) entrapment sack. Indigo carmine was not administered

n any of our patients.
The operative time, intraoperative and postoperative com-

lications, estimated blood loss, postoperative analgesic re-
uirements, length of hospital stay, time to oral intake, and
ime to ambulation were all recorded. The data were compared
ith those of published series of partial nephrectomies.
Patient follow-up was as per our clinical study protocols with

T or MRI on postoperative day 1. Subsequently, patients under-
ent contrast-enhanced CT or MRI every 3 months for the first
ear, and then every 6 months for 5 years thereafter.

RESULTS

Of the 8 patients, 4 were women and 4 were men,
ith an average age of 52 years (range 36 to 68).
he average tumor size was 1.60 cm (range 0.9 to
.7), and all were within 5 mm of the hilar blood
essels. Five of the tumors had been found inciden-
ally, and four were characterized as endophytic.
ll the lesions had components on preoperative

maging that enhanced and were thus suspicious
or renal cell carcinoma. The final pathologic ex-
mination revealed 6 patients with renal cell carci-
oma (4 with a clear cell variant and 2 with a pap-

llary variant), 1 with oncocytoma, and 1 with a
enign cyst with chronic inflammation.
All eight laparoscopic hilar partial nephrecto-
ies were successfully completed without conver-

ion to a hand-assisted or an open approach, five
sing a transperitoneal approach and three using a
etroperitoneal approach. The mean operative time
as 3.0 hours (range 2.5 to 3.5), with a mean warm

schemia time of 26.0 minutes (range 20 to 34).
he hilar vessels were exposed in all procedures,
nd hilar vascular clamping was performed during
esection of seven of eight masses. Four of these
ases required bulldog clamps only on the artery,
nd the other three had bulldog clamps on both the
rtery and the vein. The estimated blood loss was
88 mL (range 30 to 700). The 1 case without hilar
lamping resulted in the 700-mL blood loss.
All patients resumed oral intake and ambulated

ithin 24 hours after surgery. The mean analgesic
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equirement was 26 mg MSO4 Eq (range 0 to 90).
he mean hospital stay was 3.9 days (range 2 to 8).
atients returned to partial activity within the first
eek and enjoyed full activity at 4 weeks. No sig-
ificant difference was observed between the pre-
perative and postoperative creatinine (0.9 and 1.1
g/dL, respectively; P � 0.057). No patient re-

uired temporary dialysis.
No intraoperative complications occurred. Nine

ostoperative complications developed in 6 patients.
ne patient with an estimated blood loss of 700 mL

equired a postoperative transfusion of 2 U packed
ed blood cells. One human immunodeficiency vi-
us-positive patient experienced an ileus and postop-
rative fever without obvious etiology despite a thor-
ugh evaluation. The fevers resolved with empiric
ntibiotics by postoperative day 5. One patient
eveloped a urinary tract infection on postoper-
tive day 21 that resolved with oral antibiotics.
Four patients experienced postoperative urine

eaks. One small urine leak resolved with observa-
ion and two others resolved after temporary dou-
le-J stent decompression. The last of the 4 pa-
ients developed an infected urinoma despite
ouble-J stent decompression and percutaneous
rainage. After 2 weeks with persistent leakage, the
atient requested and underwent laparoscopic to-
al nephrectomy, which demonstrated no evidence
f disease on the final pathologic examination. The
rst 3 patients experiencing urine leaks were the
rst 3 patients in our series, suggesting that this
igh leakage rate was associated with our learning
urve. In addition, the final patient in the series
ad had a significant collecting system disruption,
ut did not develop a urine leak. Preliminary data
nalysis in this patient population suggested an
nacceptably high rate of leakage. For this reason,
e used preoperative pigtail catheter placement
ith retrograde saline injection during the case to
elineate any collecting system violation. After six
gure-of-eight sutures, retrograde saline injection
emonstrated no leak. At the pigtail catheter ex-
hange to an indwelling double-J stent on the third
ostoperative day, retrograde pyelography re-
ealed no leakage.
All patients had negative margins on the final

athologic examination. The mean tumor margin
as 2.1 mm (range 1 to 5). The small size of the
egative margin in these cases was due to the prox-

mity of the renal vasculature. Histopathologic exam-
nation revealed renal cell carcinoma in 6 patients.
wo were grade II-IV papillary RCC, two were grade

I-IV clear cell RCC, one was grade III-IV clear cell
CC, and one was grade IV-IV clear cell RCC. One
atient had an oncocytoma, and one had a benign
yst with chronic inflammation. At the final

athologic examination, the average tumor size (

90
as 1.7 cm. At a mean follow-up period of 10.2
onths, no patient had had disease recurrence.

COMMENT

Technological advancements and increased sur-
ical expertise have allowed the treatment of larger
nd anatomically more complex renal tumors with
PN.2,8,12–14 The prior technical limitations of pa-
enchymal reconstruction, hemostasis, and renal
schemia are being rapidly addressed through ap-
lication of novel technology and improved lapa-
oscopic surgical techniques.
Given the technically challenging nature of hilar

PN, considerable laparoscopic expertise is essen-
ial to minimize the ischemic time. After hilar con-
rol, expeditious and precise tumor resection,
ollecting system closure, and parenchymal recon-
truction are essential for preserving renal func-
ion. A bloodless field, achieved by clamping of the
enal pedicle, is essential to successfully achieve
hese surgical objectives.
In complicated hilar tumors, the proximity of the

enal vasculature increases the risk of hemorrhage,
ecessitating surgeon familiarity with laparoscopic
emostatic techniques. A recent report of hand-
ssisted laparoscopic partial nephrectomy of cen-
ral tumors without hilar vessel clamping revealed
mean estimated blood loss of 894 mL, with 50%
f patients requiring blood transfusion.15 In the
urrent series, the only case with a blood loss of
reater than 200 mL was in a patient in whom hilar
lamping was not used. This patient experienced a
00-mL estimated blood loss and required transfu-
ion of 2 U packed red blood cells in the postoper-
tive period.
LPN has compared favorably with open partial

ephrectomy in a number of recently published
eries.13,16 Gill and associates17 recently reported
avorable parameters, including surgical time,
lood loss, postoperative analgesia, hospital stay,
nd convalescence, for the laparoscopic approach
n their series of 200 patients undergoing either
pen partial nephrectomy or LPN. Only the isch-
mic time was increased to 28 minutes in the LPN
ases versus 18 minutes in the open cases.17

The number of incidentally discovered renal tu-
ors continues to rise with increased use of imag-

ng technologies. In the current series, 6 of our 8
atients’ tumors (75%) were incidental findings, as
ere 35% of renal cell carcinomas in young pa-

ients in a recent report.18 These tumors are often
mall when detected and amenable to nephron-
paring surgery. In our study, the final histopatho-
ogic findings of 6 patients revealed renal cell car-
inoma; one was a benign cyst with chronic
nflammation, and 1 patient had an oncocytoma

29% benign). Recent reviews have revealed that

UROLOGY 65 (5), 2005
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0% to 30% of renal masses less than 4 cm are
enign, and the investigators recommended that
ephron-sparing surgery be used whenever possi-
le for this size lesion.18,19

Our postoperative complication rate of 88% (7 of
patients) was greater than that seen with LPN for

umors in other less challenging locations. Four
44%) of the nine complications were self-limiting
ileus, fever, neuropathy, and small urinoma). The
ost common and significant complication was

ostoperative urine leakage, with all 4 patients
hose collecting systems were entered during sur-
ery experiencing urine leak. One patient pro-
eeded to develop an infected urinoma despite
tenting and percutaneous drainage, which even-
ually led to elective complete nephrectomy. Our
onsistent experience with postoperative urine leak
uggests that routine postoperative stenting should
e performed for patients undergoing hilar LPN.
It is important to note that partial nephrectomy

f complex hilar tumors has a high rate of urine
eakage even with the open surgical approach.
lack and colleagues9 reported a 27% urinary fis-
ula rate in patients undergoing open partial ne-
hrectomy for centrally located tumors. Hafez and
ssociates10 reported a urinary fistula rate of 14%
fter open partial nephrectomy for centrally lo-
ated tumors in the Cleveland Clinic experience.
n a recent series of hand-assisted laparoscopic par-
ial nephrectomies, 3 (38%) of 8 patients with cen-
ral tumors developed urinary leaks.15

After preliminary review of the data from the
urrent study, we have changed our current prac-
ice with hilar renal masses. Presently, in cases of
ilar LPN, preoperative ureteral catheters are
laced to help delineate defects in the collecting
ystem using retrograde saline infusion after pa-
enchymal transection. Additionally, postopera-
ive stenting and local drainage are routinely used.
he last case in the present series involved signifi-
ant violation of the renal collecting system that
as closed with six figure-of-eight sutures. This
atient had undergone preoperative ureteral cath-
ter placement and postoperative stenting and had
o urinary leakage.
Overall, despite all complications, our patients re-

overed quickly from LPN and were able to preserve
aximal renal tissue while maintaining negative
argins on the final pathologic examination. No pos-

tive margins were found on the final histopathologic
xamination, and none of the patients in the current
eries had experienced recurrence of renal cell carci-
oma in the 11.3-month average follow-up period.

CONCLUSIONS

With sufficient laparoscopic experience, LPN for

ilar tumors is a reasonable surgical option, but is p

ROLOGY 65 (5), 2005
ssociated with an increased risk of urine leak. Pre-
perative placement of a ureteral catheter to help de-
ineate collecting system violations and routine post-
perative stenting may reduce this complication.
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