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Purpose: Open partial nephrectomy has emerged as the standard of care in the management of renal tumors smaller than
4 cm. While laparoscopic radical nephrectomy has been shown to be comparable to open radical nephrectomy with respect to
long-term outcomes, important questions remain unanswered regarding the oncological efficacy of laparoscopic partial
nephrectomy. We examined the practice patterns and pathological outcomes following laparoscopic partial nephrectomy.
Materials and Methods: A survey was sent to academic medical centers in the United States and in Europe performing
laparoscopic partial nephrectomy. The total number of laparoscopic partial nephrectomies, positive margins, indications for
intraoperative frozen biopsy as well as tumor size and position were queried.
Results: Surveys suitable for analysis were received from 17 centers with a total of 855 laparoscopic partial nephrectomy
cases. Mean tumor size was 2.7 cm (�0.6). There were 21 cases with positive margins on final pathology, giving an overall
positive margin rate of 2.4%. Intraoperative frozen sections were performed selectively at 10 centers based on clinical
suspicion of positive margins on excised tumor. Random biopsies were routinely performed on the resection bed at 5 centers.
Frozen sections were never performed at 2 centers. Of the 21 cases with positive margins 14 underwent immediate radical
nephrectomy based on the frozen section and 7 were followed expectantly.
Conclusions: Early experience with laparoscopic partial nephrectomy in this multicenter study demonstrates oncological
efficacy comparable to that of open partial nephrectomy with respect to the incidence of positive margins. The practice of
intraoperative frozen sections varied among centers and is not definitive in guiding the optimal surgical treatment.
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T
he first suggestion of partial nephrectomy as treat-
ment for some cases of renal cell carcinoma was made
in 1950.1 Since that time the advent of modern imag-

ing techniques such as ultrasound and computerized tomog-
raphy has resulted in increased detection of smaller, early
stage renal masses, and has driven investigation into the
feasibility and efficacy of partial nephrectomy as treatment
for some renal tumors. In 1981 it was shown that survival
rates in patients treated with partial nephrectomy were no
different than those of patients treated with radical ne-
phrectomy.2 More recent studies have also shown similar
oncological outcomes between select patients treated with
partial vs radical nephrectomy, and triggered the emergence
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of partial nephrectomy as an accepted modality for the sur-
gical treatment of selected renal cell masses.3–8

More recently advances in laparoscopic technique have
prompted studies examining the viability of LPN as an ac-
ceptable alternative to OPN. Laparoscopic partial nephrec-
tomy has been shown to be a technically feasible alternative
to OPN with similar surgical efficacy as measured by posi-
tive surgical margin rates in select cases.9–13 In this survey
we evaluated the surgical and oncological efficacy of LPN at
17 centers in the United States and Europe. In addition, we
surveyed the indications for intraoperative frozen sectioning
following LPN.

MATERIALS AND METHODS

A survey was sent to 26 academic medical centers in the
United States and Europe that perform LPN. Records of
patients who underwent LPN were reviewed retrospectively.
Laparoscopic approach was transperitoneal and/or extra-

peritoneal (table 1). The total number of LPNs performed,
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tumor size, tumor position, margin status, and indications
for intraoperative frozen biopsy were queried. We defined
exophytic tumors as those in which the lesion presented
with more than 75% exophytic component. Deep tumors
were defined as having less than 15% of the lesion extending
beyond the surface of the kidney. In addition, we queried the
real efficacy of the frozen section, particularly in guiding
intraoperative management. Statistical comparisons among
centers with varying case loads were made. Mean positive
margin rates among centers with 30 or less, 31 to 59, or 60
or more cases were compared using 1-way ANOVA for inde-
pendent samples.

RESULTS

There was a total of 855 LPN cases reported in suitable
surveys received from 17 of the 26 centers. Data from 16
centers, accounting for 808 cases, revealed a mean tumor
size of 2.7 cm (range 2 to 4). One center (47 cases) did not
report on tumor size. A total of 467 tumors (55%) were
described as exophytic and 123 (14%) as deep. Five centers
did not report on tumor position accounting for a total of 260
cases (30%) (table 1). There were 21 cases with positive
margins on final pathology, giving a mean positive margin
rate of 2.4% (range 0% to 8%, table 2). The mean positive

TABLE 1. Tumor characteris

Center No. No. Cases Laparoscopic Approach M

1 68 Extraperitoneal
2 56 Transperitoneal
3 50 Transperitoneal
4 15 Transperitoneal
5 47 Transperitoneal
6 163 Both
7 25 Transperitoneal
8 60 Both
9 23 Both

10 15 Both
11 34 Both
12 36 Extraperitoneal
13 30 Transperitoneal
14 100 Transperitoneal
15 36 Transperitoneal
16 75 Transperitoneal
17 22 Transperitoneal

Overall 855

TABLE 2. Positive margin rate

Center No. No. Cases No. Pos Margins

1 68 0
2 56 0
3 50 2
4 15 0
5 47 0
6 163 3
7 25 2
8 60 3
9 23 0

10 15 0
11 34 0
12 36 2
13 30 1
14 100 2
15 36 3
16 75 2
17 22 1
Totals 855 21 (2.4%)
margin rates in centers that performed 30 or less, 31 to 59,
or 60 or more cases were 2.6%, 3.0% and 2.3%, respectively,
and there were no statistically significant differences among
the 3 groups (p � 0.93).

With respect to the frozen section indications 10 centers
performed intraoperative frozen sections selectively, based
on clinical suspicion of positive margins on excised tumor.
Two centers never performed frozen sections and 5 centers
always performed random biopsies on the resection bed. Of
the 21 cases with positive margins 14 underwent immediate
radical nephrectomy based on the frozen section and 7 were
followed expectantly.

Of the 21 cases with positive margins on final pathology
we were able to obtain data on frozen sectioning from 6 cases
(table 3). In 3 of these cases the final pathology corresponded
to the frozen section, whereas in the 3 other cases the final
pathology did not correspond to the frozen section. Two
tumors were preliminarily identified as RCC on frozen sec-
tion with the patients undergoing radical nephrectomy
based on that result. Final pathology on both of those tumors
revealed AML. One excised tumor was initially identified as
having negative margins on frozen section but radical ne-
phrectomy was performed based on clinical suspicion of re-
maining cancer. Final pathology in that case revealed RCC.

DISCUSSION

Laparoscopic partial nephrectomy as a surgical approach for
the management of renal tumors is becoming increasingly
standardized. Many contemporary studies have demon-
strated the feasibility, safety and efficacy of LPN.9–13 To our
knowledge the current survey is the largest survey provid-
ing further evidence of the oncological efficacy of LPN as well
as the practice patterns and surgical efficacy. The positive

and laparoscopic approach

umor Size (cm) No. Exophytic Lesions No. Deep Lesions

2.7 No response No response
2.5 No response No response
2.8 46 4
2.0 15 0

response 47 0
2.8 120 43
3.0 No response No response
3.3 46 14
2.0 19 4
2.4 15 0
2.7 30 4
4.0 No response No response
2.5 23 0
3.5 60 40
2.5 24 6
2.5 22 8
3.5 No response No response

2.7 467 123

TABLE 3. Intraoperative frozen section and final pathology

Case No. Frozen Section Final Pathology

1 RCC RCC
2 RCC RCC
3 RCC RCC
4 RCC AML
5 RCC AML
tics

ean T

No
6 Neg RCC
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margin rate of 2.4% found in our survey is comparable to
that reported in contemporary studies on LPN11–13 and
OPN (table 4).10,14,15 Three contemporary studies on LPN
have reported a positive margin rate of 2%, 2.5% and 3.5% in
100, 121 and 201 cases, respectively. Mean tumor size in
those studies ranged from 2.6 to 2.9 cm.11–13 With regard to
OPN a study of 46 patients by Sutherland et al in 2002
revealed a positive margin rate of 6.8%.15 In 2005 Porpiglia
et al reported a positive margin rate of 3.3% in 30 patients
who underwent OPN10 and more recently Thompson et al
reported a positive margin rate of 0.8% in their experience
with OPN involving 480 cases.14 It is important to acknowl-
edge that mean tumor sizes in these studies were small,
ranging from 3.14 to 3.6 cm,10,14,15 and are similar to our
reported mean tumor size of 2.7 cm. This similarity may
indicate a potential influence of tumor size on attaining clear
surgical margins. Our reported positive margin of 2.4% in
855 cases with a mean tumor size of 2.7 cm suggests that
LPN has an oncological efficacy, as measured by positive
margin rate, comparable to that of OPN for small (4 cm or
less) renal masses.

Additionally, data with regard to tumor position were
obtained from 12 centers in our survey, accounting for 590
cases. In the majority of those cases (79%) the tumor was
described as exophytic. It is worthwhile to note that there is
a selection of exophytic masses in 2 recent studies on OPN
which have reported exophytic or peripheral tumors in 66%
and 70% of cases.10,14

Previous studies on LPN were single center studies often
performed at centers of excellence and, thus, raised concerns
about the ability of less experienced urological laparosco-
pists to reproduce the technique.10 Data from this survey
were acquired from 17 centers across the United States and
Europe allowing for urologists from diverse training back-
grounds to participate and demonstrate the feasibility of
oncological standards attained with the open approach.
However, it is important to note that the surgeons who
participated in this survey are well trained in the laparo-
scopic technique. The centers in this survey had variable
case loads ranging from 15 to 163 cases. Mean positive
margin rates in centers that performed 30 or less, 31 to 59,
or 60 or more cases were 2.6%, 3.0% and 2.3%, respectively,
and there were no statistically significant differences among
the 3 groups (p � 0.93). Interestingly this finding may have
many explanations. The absence of a trend may be the result
of surgeons becoming more comfortable with the procedure,
treating more challenging cases and, thus, not seeing a
decrease in positive margins.

This survey also provided an opportunity to examine the

TABLE 4. Reported oncological efficacy of open and laparoscopic
partial nephrectomy

References No. Tumors No. Pos Margins (%)

Laparoscopic:
Moinzadeh et al12 100 2 (2)
Venkatesh et al13 121 3 (2.5)
Link et al11 201 7 (3.5)
Current series 855 21 (2.4)

Open:
Thompson et al14 480 1 (0.8)
Porpiglia et al10 30 1 (3.3)
Sutherland et al15 44 3 (6.8)
practice of intraoperative frozen sectioning at various insti-
tutions. Various techniques exist for intraoperative section-
ing and previous studies have reported sectioning of the
inked margins of the excised tumor itself14 or multiple ran-
dom biopsies of the resection bed.9 We found that the tech-
niques and indications for intraoperative frozen sectioning
varied among participating centers. In our survey 10 centers
performed intraoperative frozen sectioning of the excised
tumor selectively based on clinical suspicion of positive mar-
gins, 5 centers always performed random biopsies of the
tumor resection bed and 2 centers never performed frozen
sections. We also found that the results of intraoperative
frozen sections, when performed, did not correlate well with
final pathology. Of the 21 cases with positive margins on
final pathology we were able to obtain data on frozen sec-
tioning from 6 cases. In 3 of the 6 cases the final pathology
of RCC corresponded to the frozen section, and in the re-
maining 3 cases final pathology did not correspond to the
frozen section. Two tumors were preliminarily identified as
renal cell carcinoma on frozen section with the patients
undergoing radical nephrectomy based on that result. Final
pathology on both of those tumors revealed angiomyolipoma.
One excised tumor was initially identified as having nega-
tive margins on frozen section but radical nephrectomy was
performed based on clinical suspicion of remaining cancer.
Final pathology in that case revealed renal cell carcinoma.
The discrepancy between intraoperative frozen section pa-
thology and final pathology may be due to numerous factors
including technical reasons such as missing remaining tu-
mor during random biopsy or pathologist error.16 In the 3
cases we described with incorrect frozen section pathology,
sectioning of the inked margins was performed suggesting
pathologist error. In 2005 a study of intraoperative frozen
section in 301 OPN cases demonstrated minimal clinical
significance in frozen sections.17 In that study frozen sec-
tioning revealed positive margins in 2 patients who subse-
quently underwent radical nephrectomy. Final pathology on
the radical nephrectomy specimens revealed no residual tu-
mor. In addition, final pathology revealed 4 positive margins
in samples in which the frozen section pathologies were
negative. Our data similarly demonstrate that intraopera-
tive frozen sectioning is not definitive and raises questions
about its value in guiding intraoperative management. Re-
cent studies examining the effect of margin size on disease
progression in OPN have shown that margin size is irrele-
vant as long as the tumor bed is completely free of residual
tumor after the initial procedure.15,18 Interestingly, studies
examining long-term oncological outcomes of patients who
underwent simple enucleation for renal masses suggest that
excision of a margin of healthy parenchyma is not required
to obtain long-term cancer specific survival rates similar to
those of radical nephrectomy.19,20 In these studies examina-
tion of the renal surface was done to rule out enucleation bed
infiltration but biopsies of the enucleation bed were rarely
performed.19,20 Data from this survey as well as prior data
demonstrating the inconclusiveness of intraoperative frozen
sectioning,17 combined with the recent data showing that
simple enucleation can yield long-term survival rates com-
parable to radical nephrectomy, lead us to question whether
intraoperative frozen sectioning is at all necessary during
the surgical management of clinically typical renal masses.
Further studies examining the usefulness of frozen section-
ing in nephron sparing surgery are needed to determine if

careful macroscopic examination of the tumor bed can yield
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reliable data with regard to tumor infiltration. In additional,
whether these data can reliably be used to guide intraoper-
ative management must be investigated.

CONCLUSIONS

The experience with LPN in this multicenter study demon-
strates that LPN is a technically feasible option with onco-
logical efficacy comparable to OPN with respect to the inci-
dence of positive margins in patients with small renal
masses. Before LPN can be considered the standard in
nephron sparing surgery, further followup studies are re-
quired to assess the adequacy of long-term cancer control.
The practice of intraoperative frozen sections varies among
centers and is not definitive in guiding the optimal surgical
treatment.

Abbreviations and Acronyms

AML � angiomyolipoma
LPN � laparoscopic partial nephrectomy
OPN � open partial nephrectomy
RCC � renal cell carcinoma
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EDITORIAL COMMENT

As anyone who has ever done a survey knows, it was a
formidable effort to obtain these 855 cases. And while this
study has the typical limitations of a survey such as retro-
spective data collection and missing responses, there is valu-
able information here including the low positive margin
rates with laparoscopic partial nephrectomy and the impre-
cise nature of intraoperative frozen sections for operative
guidance. Specimen orientation for the pathologist is not
obvious, and conversely areas of concern cannot be commu-
nicated in a timely fashion to the surgeon working under the
duress of renal ischemia. Random biopsies of the resection
bed cannot be correlated with areas of concern on the re-
sected specimen. The old adage to measure twice and cut
once is quite fitting for this procedure. Based on the results
of this study it seems that the urological community is
heeding this well.
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