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COMPARISON OF LAPAROSCOPIC PARTIAL
NEPHRECTOMY AND LAPAROSCOPIC CRYOABLATION

FOR RENAL HILAR TUMORS

GREGORY HRUBY, KAREN REISIGER, RAMAKRISHNA VENKATESH,
YAN YAN, AND JAIME LANDMAN

ABSTRACT
bjectives. To compare laparoscopic partial nephrectomy (LPN) and laparoscopic cryoablation (LC) for the
anagement of small renal tumors located near the renal hilum.
ethods. A retrospective chart review was performed on all patients who underwent LPN and LC. A total

f 23 patients (12 LPN and 11 LC) had tumors located within 5 mm of the renal hilar vasculature. Patient
ata were retrospectively analyzed for specific parameters, including operative time, efficacy, morbidity, and
ostoperative course.
esults. All 23 cases were successfully completed laparoscopically. The mean operative time for LPN and
C was 2.8 hours and 2.3 hours, respectively (P � 0.03). The mean estimated blood loss was 197 mL for LPN
nd 70 mL for LC (P �0.01). The analgesic requirement for those undergoing LPN and LC was 29 mg
orphine equivalent and 23 mg morphine equivalent, respectively (P � 0.41). The hospital stay for patients

n the LPN and LC groups was 3.9 days and 3.2 days respectively (P � 0.55). No intraoperative complica-
ions occurred in either group. Six patients experienced nine complications in the LPN group. The compli-
ations included hemorrhage in 1, fever in 1, ileus in 1, urinary tract infection in 1, urine leak in 4, and transient
ostoperative neuropathy in 1. The LC group had no postoperative complications. In the LC cohort, no disease
ecurrence developed during the 11.3 months of follow-up. No positive margins were found in the LPN
ohort, and with a mean follow-up of 12 months, none have developed recurrence.
onclusions. LPN for hilar tumors is a reasonable surgical option but carries an increased risk of urine leak.
C for hilar tumors has a shorter operative time and results in significantly fewer postoperative complica-
ions. Long-term follow-up data for both techniques remain unavailable. UROLOGY 67: 50–54, 2006. ©
006 Elsevier Inc.
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odeled after established surgical principles of
open radical nephrectomy, laparoscopic rad-

cal nephrectomy is now an accepted standard of
are for patients with Stage T1 tumors.1 Laparoscopic
adical nephrectomy has offered patients excellent
ncologic efficacy, with the established benefits of a
inimally invasive approach.2 However, advances in
ephron-sparing procedures, such as open and lapa-
oscopic partial nephrectomy (LPN), have led to an
volution in the standard of care for small renal
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asses. Open partial nephrectomy has become ac-
epted for nonimperative indications and even for
arefully selected tumors larger than 4 cm in diam-
ter.3 Similarly, in the hands of very experienced
aparoscopic urologists, LPN has emerged as an
ffective minimally invasive alternative for the
anagement of small renal masses.4

In the continued evolution toward a minimally
nvasive approach for nephron-sparing surgery,
blative technologies such as laparoscopic cryoab-
ation (LC) have recently been added to the urolo-
ist’s alternatives for the treatment of small renal
asses. Although long-term follow-up and greater

xperience with laparoscopic cryotherapy for small
enal masses is required, renal cryoablation has
een shown to be a feasible and safe treatment for
atients with small renal masses in the short and

ntermediate term.5
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Technological advancements and increased sur-
ical expertise have allowed minimally invasive
reatment of larger and anatomically more com-
lex renal tumors using laparoscopic nephron-
paring procedures.6–9 Small renal masses in close
roximity to the hilar vasculature present a partic-
larly difficult management challenge. Prior tech-
ical difficulties of collecting system reconstruc-
ion, hemostasis, and renal ischemia are being
ddressed by advanced urologic laparoscopists.
eisiger and colleagues10 recently reported the first
pplication of LPN for complex hilar tumors within
mm of the renal vasculature. With the develop-
ent of increasingly smaller cryoablation probes,

ryoablation of centrally located renal tumors has
ecome increasingly feasible.11 We evaluated our
xperience with minimally invasive management
f renal masses located within 5 mm of the renal
asculature, comparing LPN and LC.

MATERIAL AND METHODS

With the permission of the Washington University School
f Medicine Human Studies Committee, we performed a ret-
ospective chart review of all patients with hilar tumors who
nderwent LPN and LC for tumors located within 5 mm of the
enal vasculature. The evaluated parameters included preop-
rative, operative, and follow-up data. Between July 2000 and
ecember 2004, 136 patients underwent LPN, with 12 (8.8%)
ndergoing LPN for hilar tumors by four surgeons. During
his same study period, 75 patients underwent LC, with 11
14.6%) undergoing LC for hilar tumors by three surgeons.

The decision to perform LPN or LC was made by the individ-
al surgeon after discussion and explanation of all available op-
ions with the patient. Each patient was offered all appropriate
urgical approaches, including open and laparoscopic radical
ephrectomy, open partial nephrectomy and LPN, and LC.
Both retroperitoneal and transperitoneal approaches were

sed for LPN (n � 3 and 9, respectively) and LC (n � 5 and
, respectively). The optimal surgical approach was decided
y each surgeon after consideration of the individual pa-
ient characteristics, such as previous abdominal surgery,
natomic location of the renal mass, and a previous history
f peritonitis.
LPN was completed using a standard transperitoneal and

etroperitoneal approach.12 Because of the complex anatomic
ocation of hilar tumors, a precise dissection of the renal hilum
as performed in each case. After complete exposure of the

enal vessels, the main renal artery was clamped in 11 (92%) of
2 patients. Because of the tumor location, in 4 patients, se-
ective segmental artery and vein ligation was performed to
nsure a negative tumor margin. Collecting system entry was
pparent in 5 of the patients, and closure was completed with
nterrupted or figure-of-eight Vicryl sutures using an intracor-
oreal suturing technique.10

Early in the series, LC therapy was completed using a
.4-mm cryoablation probe (Oncura, Plymouth Meeting, Pa)
or single stick ablation (n � 6). Later, 1.47-mm cryoprobes
IceRod, Oncura) were used (n � 5). In all patients, extensive
issection of the renal hilum and tumor was performed. The
enal artery and vein were maximally mobilized to optimize
he distance between the renal mass and vascular structures
nd minimize the local thermal effects on surrounding tissues
uring cryoablation. Figure 1A demonstrates the dissected

enal vasculature. Figure 1B shows renal vasculature mobili- w

ROLOGY 67 (1), 2006
ation and retraction to maximize the distance from the cryo-
robe and iceball. Clamping of the renal vein or artery was not
erformed in any LC cases.
Tumor localization and targeting was accomplished in all

1 LC cases with the assistance of a flexible laparoscopic ul-
rasound probe (Aloka Dynaview II, Americanlab, Miami,
la). Once the tumor was well characterized, a single 3.4-mm
ryoprobe or one to three 1.47-mm cryoprobes were de-
loyed under laparoscopic ultrasound guidance. A double-

reeze cycle with an intervening active thaw was performed in
ll cases. Freezing was completed until the iceball was noted to
xtend beyond the tumor margin. For the tumor margin clos-
st to the renal vasculature, the iceball was allowed to extend
p to, and make contact with, the renal artery or vein. After the
econd freeze cycle, hemostasis was achieved by application of
brin glue into the tract of the 3.4-mm cryoprobes (n � 6).
urgicel (Johnson & Johnson, Irvin, Calif) was placed on the
enal surface, and gentle pressure was applied to help control
leeding when the 1.47-mm cryoprobes were used (n � 5).
ostoperative contrast-enhanced computed tomography (CT)

IGURE 1. (A) Peripheral component of iceball making
ontact with inferior margin of renal artery during LC
rocedure. Large arrow indicates renal vein; smaller
rrow indicates position of renal artery. (B) Renal artery
ith cephalic retraction away from iceball. Small arrow

ndicates renal artery; large arrow indicates renal vein.
as obtained in all 11 patients. Contrast-enhanced CT scans
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ere performed on postoperative day 1, 3, 6, 9, and 12 months
ostoperatively, and annually thereafter to confirm complete
umor ablation. Complete tumor ablation was defined as a
omplete lack of enhancement of the ablated area. Figure 2
hows a representative preoperative CT image of a hilar tumor
blated using the 1.47-mm cryoprobes.

The operative time, intraoperative and postoperative com-
lications, estimated blood loss, postoperative analgesic re-
uirement, length of hospital stay, time to oral intake, and time to
mbulation were all recorded. The LC and LPN data were sta-
istically analyzed by a biostatistician (Y.Y.). Statistical Analy-
is Systems software was used to analyze the statistical differ-
nces between our two groups. This system uses a chi-square
onparametric comparison to identify statistical differences.

RESULTS

All 12 LPN and 11 LC cases were successfully
ompleted without conversion to a hand-assisted
r open approach. The mean operative time for
PN was 2.8 hours (range 2.5 to 3.5), and the mean
stimated blood loss was 197 mL (range 30 to 700).
ilar vessels were exposed in all procedures, and
ilar vascular clamping was performed during re-
ection of 11 of 12 masses. The mean lesion size
as 1.9 cm (range 0.9 to 2.7), and the mean warm

schemia time was 23 minutes (range 20 to 34).
umor margins were negative in all cases. The
ean distance to the hilar vessels was 2.45 mm

range 0 to 5). The mean minimal tumor margin
tumor margin closest to the edge of normal paren-
hyma) was 1.9 mm (range 1 to 3), with no positive
argins on intraoperative frozen section analysis

r final pathologic examination. The proximity of
he renal vasculature in these selected hilar tumors
ecessitated the small margins. In the LPN cohort,
o significant difference was found between the
ean preoperative (0.9 mg/dL) and postoperative

1.1 mg/dL) serum creatinine (P � 0.066). The
ean analgesic requirement was 29 mg morphine

FIGURE 2. Posterior hilar tumor.
quivalent. The hospital stay for patients in the p

2

PN and LC groups was 3.9 days and 3.2 days
espectively (P � 0.55).
During a mean follow-up of 11.3 months, no dis-

ase recurrence developed. However, several postop-
rative complications occurred. The most significant
as postoperative urine leakage (n � 4). Other com-
lications included hemorrhage in 1, fever in 1, ileus
n 1, urinary tract infection in 1, and transient post-
perative neuropathy in 1. The patient who experi-
nced hemorrhage required a postoperative transfu-
ion of 2 U packed red blood cells. One leak was
esolved with observation and two others with
emporary double-J stent decompression. The
ourth patient developed an infected urinoma, de-
pite double-J stent decompression and percuta-
eous drainage. This patient requested and under-
ent laparoscopic complete nephrectomy for
ersistent urine leak. The final pathologic exami-
ation for the LPN patients revealed two with
rade 2–4 papillary renal cell carcinoma (RCC),
ve with grade 2–4 clear cell RCC, one with grade
–4 clear cell RCC, and one with grade 4–4 clear
ell RCC. One patient had an oncocytoma and two
ad a benign cyst.
The mean operative time for LC was 2.3 hours

range 1.5 to 3.2), and the mean estimated blood
oss was 70 mL (range 10 to 250). The mean lesion
ize was 2.4 cm (range 1.0 to 3.2). The mean distance
o the hilar vessels was 1.81 mm (range 0 to 5). Nee-
le biopsy was performed intraoperatively in all 11
ases. The histopathologic findings of the needle
iopsies revealed grade 2–4 papillary RCC in 4
atients. One patient had an oncocytoma and six
ad indeterminate results on biopsy. With a mean

ollow-up of 12 months, no disease recurrence has
eveloped, as documented by enhancement in the
rea of cryoablation on follow-up CT.
All LC patients resumed oral intake and ambu-

ated within 24 hours after surgery. The mean an-
lgesic requirement was 23 mg morphine equiva-
ent (range 0 to 66.67). The mean hospital stay was
.2 days (range 2 to 5), and patients returned to full
ctivity within 3 weeks. No significant difference
as found between the mean preoperative (0.9 mg/
L) and postoperative (1.0 mg/dL) serum creati-
ine (P � 0.43). No intraoperative or postopera-
ive complications occurred in the LC cohort.

COMMENT

The current, relatively large, series of 23 cases of
ilar renal masses represents 11% of renal masses
reated by a minimally invasive approach at Wash-
ngton University during this study period. In con-
rast, Brown and colleagues13 reported on 8 pa-
ients with centrally located tumors, representing
7% of cases in their experience. The relatively low

ercentage of hilar renal masses treated in the cur-

UROLOGY 67 (1), 2006
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ent series represents our early patient selection,
hich did not include hilar renal masses. Given the

echnically challenging nature of hilar LPN, con-
iderable laparoscopic expertise is essential to min-
mize the ischemic time. After hilar control, expe-
itious and precise tumor resection, collecting
ystem closure, and parenchymal reconstruction
re essential to preserving renal function. A blood-
ess field, achieved by clamping of the renal pedi-
le, is absolutely essential to achieve these surgical
bjectives successfully.10

LC in the setting of hilar tumors is somewhat less
echnically demanding, but continues to have chal-
enges. For successful cryoablation, the iceball must
xtend beyond the tumor margin. Ideally, this dis-
ance includes a full 1 cm in every direction to allow
or the “indeterminate zone” (area on the periphery
f the iceball with potentially viable cells) and for a
argin of normal tissue. Viable tissue is most often

bserved at the periphery of the iceball.14 Clearly, a
-cm margin cannot be achieved with hilar tumors.
n these cases, surgeons using LC have optimized
he distance between the tumor and renal vascula-
ure by performing an extensive opercular (region
round the hilum) dissection. Commonly, the hi-
ar dissection includes mobilization of the segmen-
al arteries to optimize exposure and ablation. The
ceball is then allowed to extend up to, and make
ontact with, the renal artery or vein when neces-
ary (Fig. 1). As the most peripheral portion of the
ceball is at a nonablative temperature (0°C), the vas-
ulature is not traumatized. As anticipated, no dam-
ge to the renal hilum resulted in any of our cases.
A theoretical concern with cryoablation near the

ilar vasculature is the heat sink effect of these
arge vessels. This has previously been viewed as a
ontraindication for cryoablation of such lesions.
owever, as with all our cryoablation procedures,
e used laparoscopic ultrasonography to ensure that

he iceball (hypoechoic area on ultrasonography)
xtended completely over the renal lesions, with a
argin around each mass. Despite this theoretical

oncern, we have seen excellent short-term results
ithout any evidence of recurrence as defined by

nhancement on postoperative contrast-enhanced
xial scans (CT or magnetic resonance imaging).
For the LPN group, our postoperative compli-

ation rate was greater than that seen with periph-
ral partial nephrectomy. Finelli and Gill15 found
hat the postoperative complication rate was 14%
or 100 patients undergoing LPN. In our series,
our (50%) of the complications were self-limiting
ileus, fever, neuropathy, and small urinoma). The
ost common complication encountered was

ostoperative urine leakage, which occurred in all
our of the patients whose collecting systems were
ntered during surgery. Four (33%) of 12 patients

xperienced this complication. In a recent series of d

ROLOGY 67 (1), 2006
pen partial nephrectomy for centrally located tu-
ors, Black and coworkers16 reported a 27% uri-
ary fistula rate. Similarly, Hafez and colleagues17

eported a urinary fistula rate of 14% after open
artial nephrectomy for centrally located hilar tu-
ors in the Cleveland Clinic experience. It should

e noted that our definition of urine leak was very
trict, with any patient having an elevated drain
utput (with elevated drain creatinine) 48 hours
fter surgery considered to have a urine leak. Urine
eakage was addressed with a double-J stent and
oley catheter placement. It is feasible that some of
hese leaks might have resolved without intervention.

Later in this series, we used preoperative pigtail
atheter placement with retrograde saline injection
uring the procedure to delineate better any col-
ecting system violation.9 This technique modifica-
ion has allowed us to identify and close defects in
he collecting system better and prevented any ad-
itional urine leaks in the series. In contrast, no
ntraoperative or postoperative complications oc-
urred in the LC cohort.
The average patient age for the LPN and LC

roups was 52 and 68 years, respectively (P �
.02). Younger patients were generally selected for
PN, because the technique has a longer follow-up
xperience and younger patients were believed to
ave a greater tolerance for potential adverse events.
s anticipated, patients in the LPN cohort mani-

ested fewer comorbidities.
Patients in both groups experienced an expeditious

onvalescence characteristic of a laparoscopic ap-
roach. Both LPN and LC patients demonstrated
hort-term oncologic efficacy with negative margins
n final histopathologic examination for the LPN
roup and no short-term radiographic evidence of
nhancement for the LC group. However, contin-
ed active surveillance of all patients is in progress.
ong-term follow-up data are still needed.

CONCLUSIONS

With adequate laparoscopic experience, LPN for
ilar tumors is a reasonable surgical option but
arries an increased risk of urine leak. Preoperative
lacement of a ureteral catheter to optimize iden-
ification and precise closure of defects in the renal
ollecting system reduced the incidence of urine
eakage in our series.

We present evidence of the short-term efficacy of
ryotherapy for hilar tumors, and believe that LC
hould be considered as a treatment option in se-
ected patients. Renal cryoablation for hilar tumors
ad a shorter operative time and resulted in signifi-
antly fewer postoperative complications. During a
hort follow-up period, LC demonstrated good onco-
ogic efficacy. Long-term follow-up data for both mo-

alities are still lacking as applied to hilar tumors.
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