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from the same area until the IFS was 
negative, similar to the procedure of Mohs 
micrographic surgery. Positive surgical 
margin and biochemical recurrence rates 
were compared between the patients who 
underwent IFS and those who did not.

 

RESULTS

 

Of 970 patients consecutively undergoing 
RALP at a single institution, IFS was 
performed on 177 (18%). Eleven patients 
(6%) had IFS positive for carcinoma, whereas 
another 25 (14%) had benign prostatic 
tissue in the IFS specimen. IFS and non-IFS 
patients had similar pathological and nerve-
sparing characteristics. The IFS group had 
significantly lower rates of positive surgical 
margins, 7% vs 18% (

 

P

 

 

 

=

 

 0.001) but similar 

rates of biochemical recurrence (5%) at a 
median follow-up of 11 months.

 

CONCLUSIONS

 

In situ

 

 IFS is an effective way of reducing 
positive margins during RALP. Twenty 
percent of patients who underwent IFS, 
representing 4% of the overall RALP 
population, had either malignant or benign 
prostate tissue removed from their prostatic 
fossa. Although a reduction of biochemical 
recurrence was not demonstrated, the 
follow-up is short and a difference may 
become apparent as the data mature.
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OBJECTIVE

 

To evaluate a novel technique to lower 
positive surgical margin rates while 
preserving as much of the neurovascular 
bundles as possible during nerve-sparing 
robotic prostatectomy.

 

MATERIALS AND METHODS

 

In situ

 

 intraoperative frozen section (IFS) was 
performed during robotic-assisted 
laparoscopic prostatectomy (RALP) when 
there was macroscopic concern for a positive 
margin or residual prostate tissue. When IFS 
was positive, additional sections were taken 

 

INTRODUCTION

 

One of the challenges posed by the radical 
prostatectomy is the competing goals of 
oncological and functional outcomes. Nerve-
sparing improves functional outcomes [1,2] 
but may lead to higher rates of positive 
surgical margins (PSMs). Intraoperative frozen 
section (IFS) has been used during radical 
prostatectomy as a way to balance these 
competing goals, by lowering the rate of 
PSMs when performing a nerve sparing 
procedure [3–5].

A modified interfascial ‘curtain’-type nerve-
sparing [6] is performed in almost 90% of our 
patients, and there is a reliance on IFS to help 
identify areas suspicious for residual prostate 
tissue in the prostatic fossa. In situations 
where there is concern for a positive margin 

or possible capsular incision, corresponding 
tissue is removed from the 

 

in situ

 

 
neurovascular bundles (NVB) or urethral 
margin, and not the prostate specimen itself. 
If carcinoma or benign glands are identified 
on the IFS, further tissue is resected from that 
area until the IFS is negative, similar to the 
technique of Mohs micrographic surgery [7]. 
In the present study, the clinical utility of this 
technique and our outcomes with 

 

in situ

 

 IFS 
of the prostatic fossa are reported.

 

MATERIALS AND METHODS

 

An institutional-review board approved 
database comprised of all patients 
undergoing robotic-assisted laparoscopic 
prostatectomy (RALP) by a single surgeon 
(D.B.S.) is maintained by research staff at the 

Mount Sinai Medical Center. All patients 
undergoing RALP between May 2007 and 
September 2009 formed the base population 
for the current analyses (

 

n

 

 

 

=

 

 970), which was 
then stratified by those undergoing IFS (

 

n

 

 

 

=

 

 
177). Detailed chart reviews were performed 
on patients with PSMs or positive IFS.

RALP was performed using a modified 
‘curtain’-type nerve-sparing technique. IFS 
was utilized during the prostatectomy when 
there was visual concern for capsular incision 
or extraprostatic extension close to a 
dissection plane. Once the specimen was 
removed, the prostatic fossa was routinely 
examined for macroscopic evidence of 
prostatic tissue. Any suspicious tissue was 
excised from the fossa, usually at the NVBs or 
urethral stump. If the IFS was positive for 
either carcinoma or benign prostatic tissue, 
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additional IFS were taken until no prostate 
tissue or carcinoma was identified. Similarly, 
the posterolateral aspects of the prostate 
specimen were routinely examined for 
capsular incision. In the event of a capsular 
incision, a portion of the NVB corresponding 
to the location of the capsular incision was 
sent for IFS.

The topographic site of each IFS was 
documented, including the laterality. Positive 
IFS was defined as the presence of any 
neoplastic glands in the section. 
Corresponding permanent section for each 
IFS was evaluated and compared. The 
prostatectomy specimen was mounted 

 

in toto

 

 
when the weight was 

 

<

 

50 g. When the 
specimen weight was 

 

>

 

50 g, 75–100% of the 
tissue was submitted depending on the 
clinical information and pathological findings. 
A PSM in the prostatectomy specimen was 
defined as tumour cells present at the inked 
margin. PSMs were dichotomized into ‘focal’ 
or ‘extensive’ if the length of the margin was 

 

<

 

2 mm or 

 

>

 

2 mm, respectively.

The IFS were read by the pathologist on-call, 
although the corresponding permanent 
sections and prostatectomy specimens were 
read by dedicated genitourinary pathologists 
(P.D.U. and G.Q.X.). In cases of positive 
margins on the prostate specimen, the 
location of the IFS was compared with the 
corresponding area on the prostate specimen. 
The IFS was considered to be ‘matched’ if the 
PSM was at a corresponding location. 
Otherwise, or in cases of multifocal PSMs on 
the prostate specimen without corresponding 
IFS from all locations of PSMs, the IFS was 
considered to be ‘unmatched’. Margin status 
for the purpose of analysis was considered 
negative if the last IFS specimen taken from a 
‘matched’ margin was negative. The margin 
was considered positive if the IFS was 
‘unmatched’ or the last IFS remained positive. 
A second analysis was performed with margin 
status being defined as the margin on the 
permanent prostatectomy specimen, 
regardless of the presence or absence of 
tumour in the IFS specimen.

Functional outcomes were collected at 
baseline, 6 weeks, and then every 3 months 
for the first year after surgery using IPSS and 
Sexual Health Inventory for Men (SHIM) 
scores. Follow-up PSA measurements were 
obtained at the same intervals. Continence 
was defined as the use of either no pads or 
one security pad daily. Potency was defined as 

a SHIM score 

 

≥

 

 16 in patients who were 
preoperatively potent (SHIM 

 

≥

 

 16). 
Biochemical recurrence (BCR) was defined as 
a post-prostatectomy PSA 

 

>

 

0.2 ng/mL. 
Biochemical persistence was defined as a 
persistently detectable PSA on the first 
postoperative PSA at least 6 weeks after 
surgery.

Results were analyzed using SPSS, version 
17.0 (SPSS inc., Chicago, IL, USA). Chi-squared 
and 

 

ANOVA

 

 were used to compare categorical 
and continuous variables, respectively. All 
statistical analyses were two-tailed with 

 

P

 

 

 

<

 

 
0.05 considered statistically significant.

 

RESULTS

 

A series of 970 consecutive RALPs was 
performed at a single institution by a single 

surgeon. A total of 177 patients (18%) had 
one or more frozen section specimens sent 
from the prostatic fossa during the operative 
procedure. Eleven of these patients (6%) had 
IFS specimens positive for carcinoma, one of 
which was reinterpreted as negative on 
permanent specimen by a genitourinary 
pathologist. In another case, a negative IFS 
was reinterpreted as positive on permanent 
section. The remaining 175 IFS sections were 
concordant with the permanent findings, 
resulting in a concordance rate of 98% 
between frozen section and permanent 
section. Twenty-five additional patients (14%) 
had benign prostatic tissue identified in the 
frozen section.

Pathological features of all patients are listed 
in Table 1. Most patients undergoing IFS were 
of low stage and grade, as 58% were Gleason 
6 and 82% pT2. There was no significant 

 

TABLE 1 

 

Baseline, pathological and functional outcomes by frozen section status

 

Parameter Overall IFS Non-IFS

 

P

 

Number of patients 970 177 793
Age (years), mean 59.2 58.6 59.3 0.30
PSA (ng/mL), mean 6.0 5.7 6.1 0.32
Clinical stage (%) 0.11

T1c 707 (86) 131 (90) 576 (85)
T2a-c 108 (13) 14 (10) 94 (14)
T3 8 (1) 0 8 (1)

Nerve-sparing status (%) 0.09
Bilateral nerve sparing 853 (88) 164 (93) 689 (88)
Unilateral nerve sparing 63 (7) 10 (6) 53 (7)
Non-nerve sparing 46 (5) 3 (2) 43 (6)

Prostate weight (g), mean 53 49 54

 

<

 

0.01
Percent slides involved with tumour, mean 39 40 38 0.40
Pathological stage (%) 0.92

T2a-c 791 (81) 143 (82) 645 (81)
T3a-b 179 (19) 30 (18) 148 (19)

Pathological Gleason sum (%) 0.40
6 293 (30) 50 (28) 242 (31)
7 623 (64) 120 (68) 503 (63)
8–10 54 (6) 7 (4) 47 (6)

Extracapsular extension (%) 174 (18) 33 (18) 141 (18) 1.0
Seminal vesicle invasion (%) 42 (5) 8 (5) 34 (5) 1.0
Positive surgical margins (%) 0.001

Focal 108 (11) 8 (5) 100 (12)
Extensive 52 (5) 5 (3) 47 (6)

Biochemical recurrence (%) 38 (5) 8 (5) 30 (5) 1.0
Operative time (min) 125 131 124

 

<

 

0.01
Continence at 12 months (%) 92 94 92 0.57
Potency at 12 months (%) 81 86 80 0.24

 

IFS, intraoperative frozen section.
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difference in preoperative PSA, pathological 
stage, Gleason score or nerve-sparing status 
between the patients who underwent IFS and 
those who did not. Patients who underwent 
IFS had significantly lower PSM rates than 
those who did not. Overall positive margin 
rates were 7% in the IFS group, compared to 
18% in the others (

 

P

 

 

 

=

 

 0.001). Patients 
undergoing IFS had smaller prostates and a 
longer mean operative time. Continence and 
potency outcomes were similar between the 
two groups.

An analysis of all IFS, including their status as 
‘matched’ or ‘unmatched’, is given in Table 2. 
Two patients with PSMs on the prostate 

specimen had negative matched IFS, and were 
thus considered to have negative surgical 
margins. Five patients with PSMs had positive 
matched IFS, four of whom were also 
considered to have negative surgical margins. 
One of these patients had a positive IFS that 
was only detected on permanent section (it 
was considered negative during surgery), and 
did not have further IFS taken. This was 
considered a positive margin. Thus, six 
patients (3%) were converted from a positive 
to a negative margin by the use of IFS. Had 
these six patients been considered to have 
PSMs, the overall rate of PSMs in the IFS 
group would be 10%. This remains 
significantly lower than the PSM rate in the 
non-IFS group of 18% (

 

P

 

 

 

=

 

 0.02).

A detailed analysis of the 11 patients with 
positive IFS was performed (Table 3). Four 
patients had negative margins on the prostate 
specimen. Five patients had ‘matched’ positive 
margins and two had unmatched positive 
margins. Four of the 11 patients had BCR 
requiring adjuvant treatment, three of whom 
had biochemical persistence, never reaching a 
PSA nadir of zero. Of the 25 patients with 
benign prostate tissue at IFS, two had PSMs at 
unmatched sites. Only one of these patients 
(4%) has experienced BCR.

A total of eight patients (5%) experienced 
BCR at a median follow-up of 11 months. The 
median time to recurrence was 14 months, 
excluding the three patients who had 
biochemical persistence. Four of these 
patients had positive IFS and are discussed 

above. Of the remaining four, two had positive 
margins at sites separate from the IFS and 
two had negative margins. Three were stage 
pT3 and all had negative lymph nodes.

 

DISCUSSION

 

PSMs are an independent risk factor for 
biochemical recurrence after prostatectomy 
[8]. Continence and erectile function rates are 
higher if the neurovascular bundles are 
spared during prostatectomy [1,2], yet 
capsular incisions made during nerve sparing 
are frequent causes of PSMs [9]. Thus, 
oncological control and functional outcomes 
are considered to be competing goals.

One way of minimizing the risk of PSMs is the 
use of IFS, with the removal of additional 
tissue at the site of a positive IFS. To date, 
most studies on IFS during prostatectomy 
have taken the frozen section from the 
prostate specimen after its removal, usually a 
wedge from the posterolateral surface where 
the NVBs were spared [3–5]. In the event of a 
positive IFS, the NVB are widely excised on 
that side. Laparoscopically, this can be 
difficult because the prostate needs to be 
extracted to take the wedge of tissue and the 
extraction incision needs to be closed before 
completion of the procedure. Although this is 
time consuming, it has been reported to be 
efficacious [10].

Only one study, in an open radical retropubic 
prostatectomy series, has examined the 

 

TABLE 2 

 

Distribution of IFS according to 
prostate margin status

 

Status
Patients,

 

n

 

 (%)
IFS 

 

−

 

, PSM 

 

−

 

131 (74)
IFS 

 

−

 

, matched PSM 

 

+

 

2 (1)
IFS 

 

−

 

, unmatched PSM 

 

+

 

8 (5)
IFS 

 

+

 

, matched PSM 

 

+

 

5 (3)
IFS 

 

+

 

, unmatched PSM 

 

+

 

2 (1)
IFS 

 

+

 

, PSM 

 

−

 

 (false negative PSM) 4 (2)
IFS BPH, PSM 

 

−

 

23 (13)
IFS BPH, matched PSM 

 

+

 

0
IFS BPH, unmatched PSM 

 

+

 

2 (1)

 

IFS, intraoperative frozen section; PSM, positive 
surgical margin.

 

TABLE 3 

 

Analysis of the 11 patients with positive IFS

 

Patient Total IFS (

 

n

 

)
Final
histopathology

Pathological
margin status

Matched
margin?

PSA recurrence
(months)

PSA nadir
to 0

Adjuvant
therapy?

1 2

 

+

 

, 1

 

−

 

pT2cN0 Gl 3 

 

+

 

 4 

 

=

 

 7

 

−

 

NA Yes (4) Yes XRT
2

 

+

 

 multifocal pT3aN0 Gl 4 

 

+

 

 3 

 

=

 

 7

 

+

 

 (multifocal) No Yes No XRT
3 1

 

+

 

, 1 BPH, 2

 

−

 

pT3aN0 Gl 3 

 

+

 

 4 

 

=

 

 7

 

+

 

Yes No (6) Yes No
4

 

+

 

 atypical glands, 3 BPH pT2cN0 Gl 3 

 

+

 

 3 

 

=

 

 6

 

−

 

NA No (2) Yes No
5 1

 

+

 

, 4 BPH, 1

 

−

 

pT2cN0 Gl 4 

 

+

 

 5 

 

=

 

 9

 

−

 

NA No (3) Yes No
6 1

 

+

 

, 2 BPH pT2cNx Gl 3 

 

+

 

 4 

 

=

 

 7

 

−

 

NA No (2) Yes No
7 Site 1: 1

 

+

 

, 2

 

−

 

pT2cNx Gl 3 

 

+

 

 4 

 

=

 

 7

 

+

 

 (multifocal) Yes No (11) Yes No
Site 2: 2

 

−

 

8 1

 

+

 

, 2

 

−

 

pT2cN0 Gl 3 

 

+

 

 4 

 

=

 

 7

 

+

 

No No (15) Yes No
9 2

 

+

 

, 1

 

−

 

pT2cN0 Gl 3 

 

+

 

 4 

 

=

 

 7

 

+

 

No Yes No ADT 

 

+

 

 XRT
10 1

 

+

 

, 1

 

−

 

pT3bN0 Gl 4 

 

+

 

 3 

 

=

 

 7

 

+

 

 (multifocal) Yes Yes No ADT 

 

+

 

 XRT
11 IFS

 

−

 

, 

 

+

 

 permanent pT2cN0 Gl 3 

 

+

 

 3 

 

=

 

 6

 

+

 

No No (24) Yes No

 

ADT, Androgen deprivation therapy; Gl, Gleason score; IFS, intraoperative frozen section; NA, not applicable; XRT, external beam radiotherapy.
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frozen section status of 

 

in situ

 

 specimens of 
tissue at the apex, bladder neck and 
suspicious locations of the neurovascular 
bundles [11]. In that study, routine IFS of the 
apex and bladder neck were performed and 
sections were taken from preserved NVBs in 
the event of a macroscopic abnormality. It 
was concluded that only routine IFS of the 
apex, and not intermittent IFS of the NVBs, 
was of utility.

Given the improved lighting and 
magnification of the robotic console, we 
believe that this enables better detection of 
macroscopic deposits of prostate tissue in the 
prostatic fossa. Rather than widely resecting 
the NVB, we removed only the suspicious 
tissue. As such, we began routinely obtaining 
IFS at the slightest suspicion of abnormality, 
one reason for the relatively large percentage 
(18%) of patients undergoing IFS. Intuitively, 
we felt that this was a way of reducing our 
rates of positive margins while maintaining 
the bulk of the neurovascular bundle.

There were no significant baseline differences 
between the two groups in terms of 
pathology or nerve-sparing status. This 
implies that it was the use of IFS, and not 
selection bias, that was responsible for the 
reduction of our positive margin rate from 
18% to 7%. Clearly, it did not reduce our 
margin rate to zero, although only 3% of 
patients undergoing IFS had surgical margins 

 

>

 

2 mm in length or longer. Six patients were 
able to be converted from a positive margin to 
a negative margin by the use of IFS. However, 
these six cases (3%) do not completely explain 
the difference oberved between the groups. It 
is possible that, in cases where IFS was 
utilized, more attention to detail resulted in a 
lower overall PSM rate.

Twenty percent of the patients had either 
cancer or benign prostate tissue removed. The 
use of IFS has potentially prevented a 
biochemical recurrence, and subsequent 
therapy, in these patients. Yet, despite the 
lower PSM rates in the IFS group, the BCR 
rates at 11-month follow-up are the same. 
This could possibly change as the length of 
follow-up increases. Of the 11 patients with 
positive IFS, seven have not experienced BCR, 
although the follow-up is short (median of 6 
months). Because three of the four patients 
that experienced BCR with a positive IFS had 
pT3 disease and biochemical persistence, it is 
likely that they represent systemic rather than 
local failure. Given the small numbers of 

patients with a positive IFS and short follow-
up, it is difficult to make any generalizations 
about the oncological efficacy of the 
procedure. Clearly, longer follow-up is needed 
before the oncological benefit of IFS (or lack 
thereof) can be confirmed. However, it 
appears that the procedure is safe and does 
not create additional risk. Additionally, 
because continence and potency were similar 
in patients who did and did not undergo IFS, 
our IFS technique does not appear to critically 
compromise the remaining NVBs or urethral 
stump.

One concern with this approach is that it may 
further add to the already high cost of robotic 
prostatectomy. At our institution, the 
physician fee for the initial frozen section is 
$223, and $98 for each additional specimen. 
Given our fairly high utilization rate, the 
number needed to treat to was five, meaning 
that, for every five patients who underwent 
IFS, one had residual prostatic tissue removed. 
The cost of adjuvant radiation therapy is 
approximately $12 000, which is more than 
50 times the cost of an individual frozen 
section [12]. Although it is unlikely that all 
the patients with positive IFS would have 
experienced biochemical recurrence 
(especially those with only benign prostate 
tissue in the specimen) and subsequently 
required radiation, only a small number of 
prevented recurrences should be enough 
to justify the cost of performing IFS on 
selected patients. When also factoring the 
physiological and psychological costs of a 
local recurrence, the expense of IFS is 
minimal. The frozen sections only increased 
the operative time by an average of 7 min, 
which is of minimal clinical significance. The 
specimens are usually being analyzed when 
we are performing pelvic lymphadenectomy, 
which helps to minimize the delay of the 
procedure.

The present study must be judged in light of 
its limitations. It is retrospective in nature and 
the decision to perform IFS was a subjective 
one, limiting its reproducibility and 
introducing bias. Although the patients who 
underwent IFS had similar pathological 
features and rates of nerve-sparing as those 
who did not, it is possible that other 
confounding features may have resulted in 
the lower rates of PSMs in the IFS patients. 
Few patients in our series (14%) had clinically 
palpable disease, a marker of potentially 
advanced disease that may benefit more from 
IFS. The absence of PSMs on four of the 

prostate specimens in patients with positive 
IFS suggests that the PSMs on the prostate 
were missed by pathology. This may be a 
result of the specimen processing technique, 
which was not whole-mount. Despite the 
subsequent ‘matched’ IFS sections being 
negative, it is possible that the ‘matching’ was 
not perfect and additional cancerous tissue 
remained unresected. It is also unlikely that all 
of the patients with benign tissue would have 
experienced a BCR, and would probably have 
a very slow PSA doubling time if they had. 
Finally, PSMs are only a surrogate for BCR, 
which itself is a surrogate for the clinically 
important outcomes of metastasis and death 
from prostate cancer. Despite the lower rates 
of PSM, we have not demonstrated a 
reduction in BCR. However, the median PSA 
follow-up in the present study is only 11 
months, and BCR occurs progressively over 
time.

In conclusion, the use of 

 

in situ

 

 intraoperative 
frozen section is an effective way to lower 
PSM rates while maintaining the bulk of 
neurovascular tissue. Twenty percent of the 
patients who underwent IFS had either 
malignant or benign prostate cancer removed 
from their prostatic fossa, potentially 
preventing them from a biochemical 
recurrence.
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