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Purpose: To investigate whether use of multiparametric magnetic res-
onance (MR) imaging–directed intraoperative frozen-section 
(IFS) analysis during nerve-sparing robot-assisted radical 
prostatectomy reduces the rate of positive surgical margins.

Materials and 
Methods:

This retrospective analysis of prospectively acquired data 
was approved by an institutional ethics committee, and 
the requirement for informed consent was waived. Data 
were reviewed for 134 patients who underwent preopera-
tive multiparametric MR imaging (T2 weighted, diffusion 
weighted, and dynamic contrast-material enhanced) and 
nerve-sparing robot-assisted radical prostatectomy, dur-
ing which IFS analysis was used, and secondary resec-
tions were performed when IFS results were positive for 
cancer. Control patients (n = 134) matched for age, pros-
tate-specific antigen level, and stage were selected from a 
pool of 322 patients who underwent nerve-sparing robot-
assisted radical prostatectomy without multiparametric 
MR imaging and IFS analysis. Rates of positive surgical 
margins were compared by means of the McNemar test, 
and a multivariate conditional logistic regression model 
was used to estimate the odds ratio of positive surgical 
margins for patients who underwent MR imaging and IFS 
analysis compared with control subjects.

Results: Eighteen patients who underwent MR imaging and IFS 
analysis underwent secondary resections, and 13 of these 
patients were found to have negative surgical margins at final 
pathologic examination. Positive surgical margins were found 
less frequently in the patients who underwent MR imaging 
and IFS analysis than in control patients (7.5% vs 18.7%, P 
= .01). When the differences in risk factors are taken into 
account, patients who underwent MR imaging and IFS had 
one-seventh the risk of having positive surgical margins rela-
tive to control patients (adjusted odds ratio: 0.15; 95% con-
fidence interval: 0.04, 0.61).

Conclusion: The significantly lower rate of positive surgical margins 
compared with that in control patients provides prelimi-
nary evidence of the positive clinical effect of multipara-
metric MR imaging–directed IFS analysis for patients who 
undergo prostatectomy.

q RSNA, 2014

Online supplemental material is available for this article.
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Robot-assisted radical prostatec-
tomy (RARP) has become the 
dominant surgical approach for 

treatment of prostate cancer in the 
United States (1) and was expected to 
account for more than 80% of all radical 
prostatectomies performed in 2013 (2). 
RARP facilitates nerve-sparing proce-
dures with less damage to sexual func-
tion (3), and nerve-sparing RARP may 
yield better postoperative continence 
and potency (4). However, sparing the 
neurovascular bundles reduces the 
safety distance between cancerous tissue 
and surgical margins, and thus, nerve-
sparing RARP may lead to higher rates 
of surgical margins that are positive for 
cancer (positive surgical margins) (5–8). 
Positive surgical margins can negatively 
affect patient outcomes, independent of 
extracapsular disease status (9). There-
fore, the surgeon must balance the de-
sire to minimize postoperative morbid-
ity afforded by a nerve-sparing approach 
with the need to gain tumor control by 
avoiding positive surgical margins.

Intraoperative frozen-section (IFS) 
analysis is an attractive means of reduc-
ing the prevalence of positive surgical 
margins because it enables real-time 
histologic assessment of the surgical 
margins during nerve-sparing radical 
prostatectomy. The technique of IFS 
analysis involves cutting sections from 
the removed prostate that are then 

Published online before print
10.1148/radiol.14140044 Content codes:  

Radiology 2015; 274:434–444

Abbreviations:
IFS = intraoperative frozen section
PSA = prostate-specific antigen
RARP = robot-assisted radical prostatectomy

Author contributions:
Guarantors of integrity of entire study, G.P., G.M., D.V.M., 
M.B.; study concepts/study design or data acquisition 
or data analysis/interpretation, all authors; manuscript 
drafting or manuscript revision for important intellectual 
content, all authors; approval of final version of submitted 
manuscript, all authors; literature research, G.P., G.M., 
A.R.P., G.R., S.A., D.V.M.; clinical studies, G.P., G.M., P.S., 
S.A., D.V.M., S.L.R., B.A.J.F., O.D.C., M.B.; experimental 
studies, G.M., G.R., S.A.; statistical analysis, G.M., P.S., S.A., 
S.R.; and manuscript editing, all authors

Conflicts of interest are listed at the end of this article.

Advances in Knowledge

 n Positive surgical margins were 
found less frequently at prosta-
tectomy in patients who under-
went MR imaging–directed intra-
operative frozen-section (IFS) 
analysis than in control patients 
matched for age, prostate-spe-
cific antigen level, and stage 
(7.5% vs 18.7%, P = .01).

 n Multiparametric MR imaging–di-
rected IFS analysis resulted in 
one-seventh the risk of positive 
surgical margins than that in 
patients who did not undergo 
multiparametric MR imaging–di-
rected IFS analysis (odds ratio: 
0.15; 95% confidence interval: 
0.04, 0.61).

Implication for Patient Care

 n Multiparametric MR imaging–di-
rected IFS analysis reduces rates 
of positive surgical margins at 
nerve-sparing robot-assisted lap-
aroscopic radical prostatectomy.

frozen, stained, and subjected to mi-
croscopic examination. Although IFS 
analysis can be performed on the whole 
surface of the prostate (10), it usually is 
performed on the posterolateral aspects 
of the gland to provide information on 
the presence or lack of involvement of 
the neurovascular bundle. However, 
IFS analysis has been criticized be-
cause of the time and costs involved, 
its low sensitivity and specificity, and 
the potentially conflicting oncologic re-
sults that have been reported (11–13). 
Despite these concerns, authors of a 
recent article (14) investigating 11 069 
consecutive patients showed that the 
patients who underwent systematic IFS 
analysis of the posterolateral aspects of 
the gland during radical prostatectomy 
had a significantly lower rate of posi-
tive surgical margins (15% vs 22%, P , 
.0001) compared with a matched group 
of control patients who underwent rad-
ical prostatectomy without IFS analysis.

Despite only modest improvements 
in staging (15), multiparametric mag-
netic resonance (MR) imaging, which 
combines T2-weighted, diffusion-
weighted, and dynamic contrast ma-
terial–enhanced imaging (16,17), has 
improved significantly the ability to de-
pict the intraprostatic location of clini-
cally significant cancers (. 0.5 mL, . 
Gleason score 6) (18–20). These larger 
volume index lesions are responsible 
for almost all positive surgical mar-
gins (21,22). In light of the promising 
reports for multiparametric MR imag-
ing to show the anatomic location of 
dominant intraprostatic lesions and of 
the ability of IFS to reduce the rate of 
positive surgical margins in separate 
analyses, we hypothesized that the use 
of multiparametric MR imaging find-
ings to direct IFS analysis to radiologic 
sites that are highly suspicious for tu-
mor contact with the prostatic capsule 
would improve the oncologic outcomes 

compared with the standard practice 
for nerve-sparing RARP, which includes 
neither preoperative MR imaging nor 
IFS analysis. Thus, the purpose of our 
study was to investigate whether the 
use of multiparametric MR imaging–di-
rected IFS analysis reduces the rate of 
positive surgical margins in patients un-
dergoing nerve-sparing RARP.

Materials and Methods

This retrospective analysis of prospec-
tively acquired data was approved by 
our institutional ethics committee, who 
waived the requirement for informed 
consent specific to the study because 
all patients provided written informed 
consent for MR imaging, surgical pro-
cedures, and research use of their med-
ical information.

Patients
Five hundred eighty-two consecutive pa-
tients underwent nerve-sparing RARP at 
our institution between January 2010 and 
May 2012. Inclusion criteria for our study 
were the accepted criteria for nerve-spar-
ing RARP: tumor stage 1 or 2, prostate-
specific antigen (PSA) level of less than 
20 ng/mL (,20 mg/L), age of 75 years 
or younger, and Gleason score of less 
than 8. Exclusion criteria were failure 
to meet the above inclusion criteria (for 
some patients who underwent elective 
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Figure 1

Figure 1: Diagram shows patient selection for multiparametric MR imaging–directed IFS 
analysis during nerve-sparing RARP procedure and matched control patients who underwent 
RARP without MR imaging–directed IFS analysis. NS = nerve sparing, mp = multiparametric,  
cT = clinical, GS = Gleason score.

nerve-sparing RARP procedures) or sur-
gery performed by a surgeon with expe-
rience performing fewer than 150 RARP 
procedures. A total of 121 exclusions 
were made on the following bases: three 
for patients with tumor stage greater 
than 2, 13 for a PSA level greater than 
20 ng/mL (.20 mg/L), four for age older 
than 75 years, 27 for Gleason scores of 
greater than or equal to 8, 69 exclusions 
for surgeon experience, and five for two 
or more exclusion criteria, resulting in a 
study population of 461 patients.

Between March 2011 and May 2012, 
139 of these 461 patients underwent 
multiparametric MR imaging and 134 
(mean age, 61.2 years; range, 47–73 
years) completed the multiparametric 
MR imaging–directed IFS analysis dur-
ing the nerve-sparing RARP procedure 
(MR imaging and IFS patient group). 
Reasons for noncompletion of multi-
parametric MR imaging–directed IFS 
analysis were motion artifacts on the 
MR images (n = 2), logistical difficulties 
for IFS analysis (n = 2), or an intra-
operative decision to forgo IFS analysis 
and proceed directly to neurovascular 
bundle resection (n = 1). Assignment 
to the MR imaging and IFS patient 
group was determined on the basis of 
the availability of the MR imager at the 
time of scheduling the nerve-sparing 
RARP procedure, without knowledge of 
the clinical details of the patient.

From the remaining 322 patients 
who underwent nerve-sparing RARP 
with neither multiparametric MR im-
aging nor IFS analysis between Janu-
ary 2010 and May 2012, a contempo-
raneous control group of 134 patients 
matched for age, PSA level, and tumor 
stage was selected as described in Ap-
pendix E1 (online) (Fig 1).

Multiparametric MR Imaging Technique
MR imaging and IFS patients under-
went multiparametric MR imaging 
of the prostate with a 1.5-T MR im-
ager (Avanto; Siemens Medical So-
lutions, Erlangen, Germany), with 
an eight-channel phased-array coil. 
An endorectal coil was not used. The 
pulse sequences used were sagittal, 
coronal, and axial T2-weighted; axial 
diffusion-weighted; and axial dynamic 

contrast-enhanced imaging obtained 
before, during, and after injection of 
gadopentetate dimeglumine (Magnev-
ist; Bayer Healthcare, Berlin, Germany) 
administered at a dose of 0.1 mmol per 
kilogram of body weight through a pe-
ripheral vein at a flow rate of 3 mL/sec 
followed by a saline bolus of 10 mL ad-
ministered at the same flow rate by us-
ing a mechanical injector (Spectris MR 
Injection System; Medrad, Leverkusen, 
Germany). Imaging parameters are de-
tailed in Table 1.

Multiparametric MR Imaging Analysis
Multiparametric MR imaging of the pros-
tate was introduced in our institution 
after practitioners underwent a training 
period that included working with an 
expert in multiparametric MR imaging 
(A.R.P., with more than 10 years of ex-
perience). A combined reading of images 
from all pulse sequences was performed 
prospectively by two radiologists in con-
sensus (G.P. and S.A., with 2 years and 
1 year of experience, respectively, in mul-
tiparametric MR imaging of the prostate 
at the start of the study). Each lesion was 

scored on a 1–5 scale for its appearance 
on T2-weighted, diffusion-weighted, and 
dynamic contrast-enhanced images, and 
a final Likert score, which was not a 
mathematical combination of the scores 
collected for each pulse sequence but a 
subjective final judgment on the likeli-
hood of the presence of a clinically sig-
nificant intraprostatic cancer on a 5-point 
scale, as recommended in previous stud-
ies (23,24): score 1, highly unlikely; score 
2, unlikely; score 3, equivocal; score 4, 
likely; and score 5, highly likely. To arrive 
at the final Likert score, we gave more 
weight to the apparent diffusion coeffi-
cient for lesions in the peripheral zone, 
although the T2-weighted appearance 
was given more weight for lesions of the 
transition zone and anterior fibromuscu-
lar stroma, in keeping with evidence at 
the time of starting the study that both 
dynamic contrast-enhanced and diffu-
sion-weighted imaging may have false-
positive results because of the difficulty 
of discriminating prostate cancer from 
benign prostate hyperplasia (25), which 
often shows hypervascularity (26) and 
low apparent diffusion coefficients (27).
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If one or more of the three pulse se-
quences indicated contact of the lesion 
with the prostatic capsule, the location 
of the lesion was indicated on a coronal 
and three-level axial scheme that was 
incorporated into a software application 
designed for this purpose (Radcommuni-
cator; Orobix, Bergamo, Italy). A written 
report and completed graphical reporting 
scheme were delivered to the urologist 
before the nerve-sparing RARP (Fig 2).

Surgery
All procedures (for both study groups) 
were performed by one of three sur-
geons (G.M., D.V.M., and O.D.C., 
each with 4 years of experience, hav-
ing performed more than 150 RARP 
procedures at the start of the study). 
Our institutional approach to nerve-
sparing RARP is based on the tech-
nique described in Patel et al (28) that 
includes use of the da Vinci surgical 
robot system (S model; Intuitive Surgi-
cal, Sunnyvale, Calif) and a port device 
(Alexis; Applied Medical, Rancho Santa 
Margarita, Calif) system (29) (Appen-
dix E1 [online]).

For MR imaging and IFS patients, 
after the prostate was removed, the 

surgeon marked its surface by using a 
dermographic pen in the area or areas 
where multiparametric MR imaging in-
dicated contact of the index lesion with 
the prostatic capsule (Fig 2), and each 
area was subjected to IFS analysis. IFS 
analyses in which tumor cells were found 
in contact with the prostatic capsule were 
considered positive, and the tissue adja-
cent to this area was subjected to a sec-
ondary resection, including a partial re-
section of the neurovascular bundle if this 
area was on a posterolateral aspect of the 
prostate. The secondary resection tissue 
was also inked to indicate its orientation 
(apex-base, inner-outer) and subjected to 
a further IFS analysis of the margins. If 
tumor cells were found in the outer sur-
face of the secondary resection tissue, 
further resections were performed. If the 
secondary resection was in proximity of a 
neurovascular bundle, the entire ipsilat-
eral neurovascular bundle was removed, 
otherwise resections continued to the 
greatest anatomic limit possible or until 
negative margins were obtained.

Pathologic Evaluation
Prostate and secondary resection tis-
sue samples were evaluated by senior 

pathologists who were under the super-
vision of a urologic pathologist (G.R., 
with 20 years of experience). The tis-
sues for IFS analysis were prepared 
(Appendix E1 [online]) for staining 
with hematoxylin and eosin for micro-
scopic examination. The IFS procedure 
required an average of 30 minutes in 
the pathology laboratory. The samples 
used for IFS analysis and the prostate 
specimen were then fixed in formalin 
and were analyzed later in accordance 
with standard procedures for the final 
pathologic report (30).

Tumors were graded according to 
the Gleason system (31), and patho-
logic stage was assigned by using the 
2009 TNM classification system (32). 
The surgical margins were reassessed 
with the extension of any positive sur-
gical margins determined according to 
the criteria of the prostate consensus 
working group (33).

Statistical Analysis
A sample size calculation was per-
formed before patient recruitment 
assuming a two-sided Z test with 
pooled variance. On the basis of prior 
reports (14,18–20), we hypothesized 

Table 1

Multiparametric MR Imaging Acquisition Parameters

Parameter T2 Weighted Diffusion Weighted Dynamic T1-weighted Contrast Enhanced*

Acquisition plane Axial, coronal, sagittal Axial Axial
Pulse sequence type Turbo spin echo Echo planar Three-dimensional gradient echo
Turbo factor 23 60 . . .
b values (sec/mm2) . . . 0, 500, 1000 . . .
Section thickness 3 4 4
Intersection gap 0.3 0.4 0
No. of sections 18 20 20†

Acquisition duration (min:sec) 5:17 3:03 4:10
Phase-encoding direction Right-left, right-left, anterior-posterior‡ Anterior-posterior Anterior-posterior
Field of view (mm) 190 3 190 290 3 200 280 3 254
Acquisition matrix 320 3 320 128 3 66 320 3 228
No. of repetitions 5 8 1, 25 dynamic
Repetition time (msec) 4440 3100 7.3
Echo time (msec) 114 69 4.7
Flip angle (degrees) 90 90 25
Bandwidth (Hz/pixel) 140 1562 430

* Contrast agent (gadopentetate dimeglumine, 0.1 mmol per kg) was injected after the third dynamic acquisition at a flow rate of 3 mL/sec.
† Interpolated from reference 12.
‡ Phase-encoding directions for T2-weighted imaging are for axial, coronal, and sagittal sequences, respectively.
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Figure 2

Figure 2: Illustration and images show process of preparation for multiparametric MR imaging–directed IFS during nerve-sparing RARP. Multiparametric MR image 
of the prostate shows an 11-mm lesion in the peripheral zone of anterolateral left aspect at midgland and apex levels. Lesion (arrows on a-d) was seen on (a) axial 
T2-weighted image as a slightly asymmetric area of lower signal intensity with mass effect on prostatic capsule (bulging), (b) on axial diffusion-weighted image with b 
value of 1000 sec/mm2 as a focal mass of hyperintensity, (c) on apparent diffusion coefficient map with a reduced apparent diffusion coefficient, and (d) on axial dy-
namic contrast-enhanced MR image as a focal, asymmetric enhancement (rapid initial enhancement followed by washout). Lesion was assigned final Likert score of 
5. (e) Illustration shows standardized reporting scheme manually drawn by a radiologist on the basis of multiparametric MR images. Line dividing anteroposterior 
aspects of prostate is defined according to references 19, 20. (f) Photograph shows the corresponding prostate surface marked (dark spot) to indicate tumor contact 
with prostatic capsule. IFS analysis was used to evaluate this site.

that the percentage of positive sur-
gical margins would be 20% in the 
control patient group and 8% in the 
MR imaging and IFS patient group. 
At a significance level of .05, an 80% 
power for detecting a difference be-
tween the group proportions of 12% 
was achieved for group sizes of 131 
control patients and 131 MR imaging 
and IFS patients.

Control patients were individually 
matched to MR imaging and IFS patients 
according to age, PSA level, and tumor 
stage by using the “greedy matching” 

algorithm (34), with exact matching of 
groups for tumor stage. These matching 
variables, as well as nerve-sparing ex-
tent (monolateral or bilateral), surgeon, 
and Gleason score and prostate tumor 
stage at final pathologic examination 
were compared between the two groups 
by using the nonparametric Wilcoxon 
signed-rank test for continuous vari-
ables and the Bowker test of symmetry 
for categorical variables.

Our study end point was the dif-
ference between MR imaging and IFS 
patients and control patients in the 

percentage of positive surgical margins 
after nerve-sparing RARP as deter-
mined at final pathologic examination. 
Percentages of positive surgical margins 
in each group were compared with the 
McNemar test, and percentages of pos-
itive surgical margins were compared 
for other possible predictors (ie, age, 
PSA level, tumor stage, Gleason score 
at biopsy, nerve-sparing extent, and 
surgeon) by using the Wilcoxon two-
sample test for continuous variables 
and the x2 test for categorical variables. 
A multivariate conditional logistic 



GENITOURINARY IMAGING: Multiparametric MR Imaging–directed Intraoperative Frozen-Section Analysis Petralia et al

Radiology: Volume 274: Number 2—February 2015 n radiology.rsna.org 439

regression model was then performed 
to assess the independent contribution 
of each variable for predicting positive 
surgical margins and to estimate the 
odds ratio, with 95% confidence in-
tervals of positive surgical margin oc-
currence for MR imaging and IFS pa-
tients compared with those of control 
patients.

P values less than .05 were consid-
ered to indicate a significant difference. 
Statistical analyses were performed 
with software (SAS version 9.2; SAS 
Institute).

Results

Patient Population
Clinical-pathologic data for the MR 
imaging and IFS patients and control 

patients are detailed in Table 2. Eighty-
eight (66%) MR imaging and IFS pa-
tients and their 88 matched control 
patients had stage 1 tumors, while the 
remaining 46 (34%) MR imaging and 
IFS patients and their 46 matched con-
trol patients had stage 2 tumors. The 
two groups were comparable according 
to age, PSA, Gleason score at biopsy, 
nerve-sparing extent, surgeon, and 
Gleason score and prostate tumor stage 
at final pathologic examination.

Control Patients
In 25 (18.7%) of the 134 control pa-
tients (one, pT2a; nine, pT2c; 12, 
pT3b; and three, pT3b) final patho-
logic results showed positive surgical 
margins; the remaining 109 (83.3%) 
control patients (12, pT2a; two, pT2b; 
52, pT2c; 37, pT3a; and six, pT3b) had 

negative surgical margins at final patho-
logic examination.

MR Imaging and IFS Patients
In 10 (7.5%) of the 134 MR imaging and 
IFS patients (three, pT2c; and seven, 
pT3a) final pathologic results showed 
positive surgical margins; the remain-
ing 124 (92.5%) MR imaging and IFS 
patients (three, pT2a; 10, pT2b; 49, 
pT2c; 50, pT3a; and 12, pT3b) had 
negative surgical margins at final patho-
logic examination.

In 18 MR imaging and IFS patients, 
multiparametric MR imaging–directed 
IFS analysis showed results that were 
positive for cancer at a total of 24 sites of 
tumor contact with the prostatic capsule 
(of the 37 sites indicated at multipara-
metric MR imaging), all of which were 
subjected to secondary resection (Fig 
2). In four of these patients, the sec-
ondary resections were performed on 
tissues adjacent to anterior or anterolat-
eral aspects of the gland only (Table 3),  
contributing to conversion into nega-
tive surgical margins in two patients. In 
12 patients, secondary resections were 
performed only on lateral or postero-
lateral aspects involving a part of the 
neurovascular bundle, contributing to 
conversion into negative surgical mar-
gins at final pathologic examination for 
nine patients. In two patients, second-
ary resections were performed on both 
anterolateral and posterolateral aspects 
of the gland, contributing to conversion 
into negative surgical margins for both 
cases. Overall, final pathologic results 
showed negative surgical margins in 13 
of the 18 patients with positive findings 
at multiparametric MR imaging–directed 
IFS analysis (one, pT2a; one, pT2b; five, 
pT2c; five, pT3a; and one, pT3b). In the 
remaining five patients (one, pT2c; and 
four, pT3a), positive surgical margins 
were found at final pathologic examina-
tion. In these five patients, positive sur-
gical margins were found in contact with 
the site of IFS analysis, although in four 
of them, positive surgical margins were 
also found distant from the sites of IFS 
analysis.

Among the remaining 116 patients, 
multiparametric MR imaging showed 
no tumor contact with the prostatic 

Table 2

Clinical and Pathologic Data for MR Imaging and IFS Patients and Control Patients

Variable MR Imaging and IFS Patients Control Patients P  Value

Age (y) 61.2 6 6.1* 61.4 6 5.9* .55
PSA level (ng/mL)† 7.58 6 5.53* 7.07 6 3.19* .94
Gleason score at biopsy .30
 6 82 (61) 96 (72)
 7 40 (30) 31 (23)
 8 12 (9) 7 (5)
Extent of nerve sparing .38
 Right 24 (18) 32 (24)
 Left 29 (22) 27 (20)
 Bilateral 81 (60) 75 (56)
Surgeon .08
 A 37 (28) 22 (16)
 B 37 (28) 34 (25)
 C 60 (45) 78 (58)
Gleason score at final  

 pathologic examination
.62

 6 38 (28) 48 (36)
 7 81 (60) 71 (53)
 8 15 (11) 15 (11)
pT stage .17
 2a 3 (2) 13 (10)
 2b 10 (7) 2 (1)
 2c 52 (39) 61 (46)
 3a 57 (43) 49 (37)
 3b 12 (9) 9 (7)

Note.—Unless otherwise indicated, data are number of patients, with percentages in parentheses (n = 134).

* Data are means 6 standard deviation.
† To convert to Systéme International units (micrograms per liter), multiply by 1.
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patients vs control patients), indepen-
dent of other analyzed cofactors (Table 
4). When the difference in risk factors 
was taken into account, MR imaging 
and IFS patients had one-seventh the 

capsule in 31 patients, who, therefore 
did not undergo IFS analysis. Tumor 
contact with the prostatic capsule was 
shown in 85 patients, all of whom un-
derwent IFS analyses (of 181 sites). 
The 31 patients who did not undergo 
IFS analysis showed negative surgical 
margins at final pathologic examination. 
The other 85 patients had negative IFS 
analysis, and thus, no secondary resec-
tion was performed, but at final path-
ologic examination, 80 had negative 
surgical margins and five had positive 
surgical margins (two, pT2c; and three, 
pT3a). In all five of these patients, pos-
itive surgical margins were present in 
contact with a site of IFS analysis, (in-
volving lateral or posterolateral mar-
gins in two patients); although in two 
patients there were also positive surgi-
cal margins distant from the sites of IFS 
analysis (one apical and one basal site). 
The linear extension of positive surgi-
cal margins ranged from 0.5 to 5 mm. 
Overall, 111 (two, pT2a; nine, pT2b; 
44, pT2c; 45, pT3a; and 11, pT3b) of 
the 116 MR imaging and IFS patients 
with no or negative IFS analysis had 
negative surgical margins at final patho-
logic examination (Fig 3).

Multiparametric MR imaging had a 
negative predictive value of 100% (95% 
confidence interval: 89%, 100%) for 
the presence of positive surgical mar-
gins at final pathologic examination; all 
31 patients in whom multiparametric 
MR imaging showed no tumor contact 
with the prostatic capsule had negative 
surgical margins at final pathologic ex-
amination. Among the remaining 103 
patients in whom multiparametric MR 
imaging showed tumor contact with the 
prostatic capsule, 10 had positive sur-
gical margins at final pathologic exami-
nation, for a positive predictive value of 
9.7% (95% confidence interval: 5.4%, 
17%). The resulting sensitivity and 
specificity for positive surgical margins 
at final pathologic examination were of 
100% and 25%, respectively.

Rates of Positive Surgical Margins 
between Groups
Positive surgical margins were found 
less frequently in MR imaging and IFS 
patients compared with age-, PSA level-, 

and stage-matched control patients 
(7.5% vs 18.7%, P = .01) (Table 4).  
In the multivariate analysis, the only 
significant predictor of positive margins 
was the group (MR imaging and IFS 

Figure 3

Figure 3: Diagram shows process of obtaining findings in patients who 
underwent multiparametric MR imaging–directed IFS analysis and at sec-
ondary resection (SR) and final pathologic examination. For comparison, final 
pathologic examination findings for control patients are also shown. PSM = 
positive surgical margin, NSM = negative surgical margin.

Table 3

Locations of Positive Multiparametric MR Imaging-directed IFS Findings 

Location Apex Apex and Midgland Midgland
Midgland  
and Base Base

Apex, Midgland,  
and Base Total

Anterior 3 1 0 0 1 0 5
Anterolateral 2 0 0 0 0 0 2
Lateral 0 0 3 1 0 0 4
Posterolateral 1 5 1 2 1 4 14
Posterior 0 0 0 0 0 0 0

Total 6 6 4 3 2 4 25

Note.—Findings include 25 positive lesions in 18 patients.
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risk of having positive surgical margins 
relative to control patients (adjusted 
odds ratio: 0.15; 95% confidence in-
terval: 0.04, 0.61).

In post hoc analyses of MR imaging 
and IFS patients according to pathologic 
stage, only patients with pT3 disease 
had a significant reduction in the risk 
of positive surgical margins compared 
with control patients (pT2: three of 65 
[5%] vs 10 of 76 [13%], respectively; P 
= .08; pT3: seven of 69 [10%] vs 15 of 
58 [26%], respectively; P = .02). Simi-
larly, there was no significant difference 
in time between multiparametric MR 
imaging examination and nerve-sparing 
RARP between patients who had neg-
ative surgical margins and those with 
positive surgical margins at final patho-
logic examination (29 days 6 28 vs 26 
days 6 25; P = .77).

Discussion

In 13 of the 18 MR imaging and IFS 
patients with positive results, second-
ary resection led to conversion into a 
prognostically more favorable negative 
surgical margin state at final pathologic 
examination. This is clinically relevant 
because biochemical recurrence-free 
survival has been reported not to dif-
fer between patients whose positive IFS 
results were converted to negative sur-
gical margins at final pathologic exam-
ination and patients who had negative 
surgical margins without undergoing 
IFS (14).

The positive surgical margin rate 
seen in MR imaging and IFS patients 
(7.5%) was roughly half that report-
ed in a recent large study of 11 069 
patients describing IFS analysis at 

radical prostatectomy (15%) (14). 
Our lower positive surgical margin 
rate may be related to the added value 
of multiparametric MR imaging for 
detection and localization of clinically 
significant prostate cancers (larger 
volume, higher-grade index lesions), 
which are known to be responsible 
for most positive surgical margins 
(98.8%) (21). Our IFS analysis was 
directed by multiparametric MR im-
aging to the areas at highest risk for 
positive surgical margin. In one-third 
of our positive IFS patients (six of 18), 
multiparametric MR imaging directed 
the IFS analysis to the anterior or an-
terolateral aspects of the gland. These 
areas would likely not have been ana-
lyzed if IFS analysis was performed in 
the standardized areas of interest for 
nerve sparing (ie, the posterolateral 
aspects of the gland) (14). Moreover, 
the ability of multiparametric MR im-
aging–directed IFS analysis to provide 
timely, intraoperative confirmation of 
surgical margin status for anterior tu-
mors may have application to newer 
surgical techniques such as complete 
anterior preservation (35).

Our approach is a change in strat-
egy for the use of preoperative MR 
imaging. The standard use of preop-
erative MR imaging has been to as-
sess extraprostatic tumor extension, 
with an extremely variable accuracy 
(50%–92%) (36). This sometimes 
poor performance of multiparametric 
MR imaging for depicting extrapros-
tatic tumor extension has not hindered 
the surgical approach in routine clin-
ical practice, particularly as surgeons 
have become more aggressive even 
in treating patients with established 
extracapsular extension of disease 
(15,22,37,38). The clinical empha-
sis has changed to achieving negative 
surgical margins at every operation. 
With our multiparametric MR imag-
ing–directed approach, the assess-
ment of extracapsular tumor extension 
and the related clinical decisions (eg, 
whether to resect the neurovascular 
bundle) were based on IFS histologic 
analysis. The role of multiparamet-
ric MR imaging was to identify sites 
for IFS analysis. The use of widely 

Table 4

Association of Patient and Tumor Characteristics with Surgical Margins at Final 
Pathologic Examination

Variable

Final Pathologic Result P Value

Positive Surgical 
Margin

Negative Surgical 
Margin

Univariate 
Analysis

Multivariate  
Analysis*

Age (y) 61.9 6 5.5 61.2 6 6.1 .56 .39
PSA level (ng/mL)† 9.10 6 7.59 7.06 6 3.81 .03 .53
Gleason score at biopsy .50 .14
 6 21 (12) 157 (88)
 7 10 (14) 61 (86)
 8 4 (21) 15 (79)
Tumor stage ..99 NE
 1 23 (13) 153 (87)
 2 12 (13) 80 (87)
Multiparametric MR  

 imaging–directed IFS
.007 .008

 MR imaging and IFS patients 10 (7.5) 124 (92.5)
 Control patients 25 (18.7) 109 (81.3)
Nerve-sparing side .59
 Right 8 (14) 48 (86) .66
 Left 5 (9) 51 (91) .41
 Bilateral 22 (14) 134 (86) Reference
Surgeon .01
 A 8 (14) 51 (86) .83
 B 16 (23) 55 (77) .09
 C 11 (8) 127 (92) Reference

Note.—Unless otherwise indicated, data are number of patients, with percentages in parentheses. NE = not estimable.

* Obtained from a conditional logistic regression model including the following independent possible predictive variables: age, 

PSA level, multiparametric MR imaging–directed IFS, Gleason score at biopsy, nerve-sparing side, and surgeon.
† To convert to Systéme International units (micrograms per liter), multiply by 1.
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available MR imaging equipment and 
IFS analysis may make our approach 
appealing for hospitals seeking to re-
duce positive surgical margin rates at 
robotic prostatectomy (39). We found 
that multiparametric MR imaging was 
excellent for ruling out tumor contact 
with the surface of the resected pros-
tate; all 36 patients in whom multipa-
rametric MR imaging indicated no tu-
mor contact with the prostatic capsule 
had negative surgical margins at final 
pathologic examination (negative pre-
dictive value of 100%). This is consis-
tent with results of prior studies on 
prostate tumor staging (22) and sug-
gests that multiparametric MR imaging 
can be used to select patients in whom 
the IFS procedure can be avoided 
safely to save time instead of perform-
ing IFS analyses of standardized areas 
of the prostate in all patients. Fur-
thermore, because all posterior lateral 
regions without multiparametric MR 
imaging–depicted tumor contact with 
the prostatic capsule had negative sur-
gical margins, surgeons were able to 
plan operations more confidently and 
advise patients accordingly.

In 10 MR imaging and IFS patients 
(five positive and five negative), the fi-
nal pathologic results showed positive 
surgical margins. In all 10 patients, 
there were positive surgical margins 
in contact with sites of multiparamet-
ric MR imaging–directed IFS analysis. 
This suggests that multiparametric 
MR imaging allowed correct location 
of the tumor contact but not always 
of its full extent, or that IFS analysis 
did not show the entire extent of mul-
tiparametric MR imaging findings. 
Although the completed graphical re-
porting scheme of the structured ra-
diologic report (Fig 2) is thought to 
aid in communication, and thus, the 
targeting of IFS analysis, further im-
provements to avoid misinterpretation 
are desirable. The presence of positive 
surgical margins distant from sites of 
multiparametric MR imaging–directed 
IFS analyses in six of these 10 MR 
imaging and IFS patients (two pT2c 
and four pT3a) indicates a failure of 
the modality to allow identification of 
all tumor foci, and thus, to guide IFS 

analysis in the presence of bilateral tu-
mor involvement and/or extracapsular 
tumor extension that may include mi-
croscopic involvement of the bladder 
neck. However, in all these cases of 
positive surgical margins in multipara-
metric MR imaging and IFS patients, 
the contact of tumor cells with the 
surgical margin was small (, 5 mm), 
and so the effect on recurrence-free 
survival may be limited (14). Overall, 
multiparametric MR imaging had a 
relatively low positive predictive value 
(23.4%) for the presence of tumor on 
the resected prostate margin. In part, 
this reflects the limits of resolution of 
multiparametric MR imaging pulse se-
quences, as well as our practice of con-
servative reading, favoring a high neg-
ative predictive value (100%). There is 
a further possibility that the prostatic 
capsule, as visualized on MR images, 
is was misrepresented relative to the 
fascia plane followed by the surgeons 
during nerve-sparing RARP.

Because multiparametric MR imag-
ing adds to the cost and complication of 
patient treatment, its inclusion in the 
presurgical routine must be fully jus-
tified. An important limitation of our 
study was that we cannot disentangle 
the separate contribution of multipa-
rametric MR imaging and IFS in the 
achievement of lower positive surgical 
margin rates because we did not in-
clude a group of patients undergoing 
nerve-sparing RARP with IFS analysis 
without multiparametric MR imaging 
direction. Although we acknowledge 
the limitations of comparisons between 
studies, the positive surgical margin 
rate achieved in our MR imaging and 
IFS cohort (7.5%) compares favorably 
with results of recent reports (40,41), 
indicating that secondary resection 
based on IFS targeted to areas that 
the surgeon subjectively chooses or the 
entire prostate surface adjacent to the 
neurovascular bundle can result in pos-
itive surgical margins in nerve-sparing 
RARP of between 9.7% and 16%, re-
spectively. We have also not examined 
the effect of multiparametric MR imag-
ing–directed IFS analysis on clinical out-
comes such as disease-free survival and 
functional recovery. Furthermore, we 

have not attempted to evaluate the rate 
of unnecessary IFS performed on the 
basis of multiparametric MR imaging 
findings; pathologic evaluation of tumor 
focality for comparison with multipara-
metric MR imaging was not performed 
because this process was not expected 
to affect the study’s primary endpoint. 
Selection of cases with a nonrandom-
ized procedure may have resulted in 
differential selection bias (ie, patients 
may have presented specific charac-
teristics associated with the outcome). 
Although nonrandomized distribution 
of unknown confounders between case 
and control patients could not be ruled 
out completely, we paid particular at-
tention that case and control patients 
were similar for all the known charac-
teristics associated with the outcome. 
We found that no known risk factor for 
positive margins was differently distrib-
uted in case and control patients.

In conclusion, significant reductions 
in positive surgical margin rates can be 
achieved in patients with prostate can-
cer who undergo nerve-sparing RARP 
by using multiparametric MR imag-
ing–directed IFS analysis as shown in 
this case controlled study, which also 
provides encouraging preliminary evi-
dence of the likely clinical benefit of this 
approach.
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