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ABSTRACT
Objective: We investigated the effect of the use of multiparametric prostate magnetic resonance imaging 
(mp-MRI) on the dissection plan of the neurovascular bundle and the oncological results of our patients who 
underwent robot-assisted radical prostatectomy.

Material and methods: We prospectively evaluated 60 consecutive patients, including 30 patients who 
had (Group 1), and 30 patients who had not (Group 2) mp-MRI before robot-assisted radical prostatectomy. 
Based on the findings of mp-MRI, the dissection plan was changed as intrafascial, interfascial, and extra-
fascial in the mp-MRI group. Two groups were compared in terms of age, prostate-specific antigen (PSA), 
Gleason sum scores and surgical margin positivity. 

Results: There was no statistically significant difference between the two groups in terms of age, PSA, 
biopsy Gleason score, final pathological Gleason score and surgical margin positivity. mp-MRI changed 
the initial surgical plan in 18 of 30 patients (60%) in Group 1. In seventeen of these patients (56%) surgical 
plan was changed from non-nerve sparing to interfascial nerve sparing plan. In one patient dissection plan 
was changed to non-nerve sparing technique which had extraprostatic extension on final pathology. Surgical 
margin positivity was similar in Groups 1, and 2 (16% and 13%, respectively) although, Group 1 had higher 
number of high- risk patients. mp-MRI confirmed the primary tumour localisation in the final pathology in 
27 of of 30 patients (90%). 

Conclusion: Preoperative mp-MRI effected the decision to perform a nerve-sparing technique in 56% of 
the patients in our study; moreover, changing the dissection plan from non-nerve-sparing technique to a 
nerve sparing technique did not increase the rate of surgical margin positivity.
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Introduction

The use of robot-assisted radical prostatectomy 
(RARP) is increasing worldwide, and RARP is 
being performed for advanced diseases more 
frequently. Accurate clinical staging before a 
RARP operation is crucial. The main aim of 
surgeries today is to achieve a negative surgi-
cal margin using a nerve-sparing approach 
with both open and laparoscopic techniques.[1] 
Compared to prostate-confined disease, pros-
tate cancer (PCa) with extracapsular exten-

sion (ECE) is associated with decreased over-
all and cancer-specific survival after radical 
prostatectomy.[2] The extent of ECE predicts 
disease recurrence and cancer progression, 
which in turn affects cancer-specific survival.
[3] RARP is advantageous due to its improved 
visualization and instrument controls, but the 
lack of tactile feedback is a serious draw-
back when dissecting the neurovascular bundle 
(NVB) and adjacent tissues around the tumor. 
Extensive resection of the NVB or extrafascial 
dissection are associated with high risk for 



erectile dysfunction and compromised continence. On the other 
hand, preservation of the NVB without preliminary evaluation 
of the extent and localization of the tumor may lead to residual 
tumor tissue at the bundle and fascial sites. For this reason, it 
is a common practice to peroperatively resect the cavernous 
nerves when ECE is suspected to achieve negative margins.[4] 

The basic methods of clinical staging of prostate cancer are digital 
rectal examination and transrectal ultrasound (TRUS), which detect 
ECE with low accuracy. Preliminary multiparametric prostate mag-
netic resonance imaging (mp-MRI) could be a better method of 
imaging and planning for the dissection of NVB. mp-MRI localizes 
high-volume and high-grade PCa tumor areas more accurately than 
conventional magnetic resonance imaging (MRI).[5-9] It is estimated 
that mp-MRI detects ECE with 48–76% accuracy.[4,10-14] Walz et 
al.[15] detailed the anatomy of the prostate and adjacent tissues, 
especially the fascia and NVB. In light of these studies, preopera-
tive mp-MRI of the prostate may guide surgeons’ dissection plans 
for RARP. We aimed to report the oncologic results of patients who 
underwent RARP with or without preoperative mp-MRI.

Material and methods

Between January 2014 and December 2015, we prospectively 
evaluated 60 consecutive patients who had biopsy-proven PCa 
and were candidates for RARP. Of these, 30 underwent pre-
operative mp-MRI (Group 1) and 30 did not (Group 2). The 
approval of the Institutional Review Board was obtained and 
an informed consent was obtained from each patient. mp-MRI 
for each patient in Group I was performed with the use of a 
phased array body coil at 1.5 Tesla (14 patients) or 3 Tesla 
(16 patients). Prostate-specific antigen (PSA) levels, clinical 
stage (determined by digital rectal examination), Gleason score 
(determined by TRUS-guided prostate biopsy), and identified 
pathologic specimens were recorded for each patient. Diagnosis 
of a metastatic disease, previous usage of anti-androgens or 
androgen blockers, clinical T3-T4 disease and pre-existing erec-
tile dysfunction were exclusion criteria. All images were evalu-
ated for ECE by a single radiologist with 15 years of experience 
in abdominal MRI. Three techniques (T2W imaging, diffusion-
weighted imaging, and dynamic contrast-enhanced MRI) were 
used for localization of the tumor and its possible ECE. 

Eleven patients in Group I underwent mp-MRI before the 
prostate biopsy, and 19 underwent mp-MRI six weeks after the 
biopsy to reduce inaccurate interpretation of the images due to 
hemorrhage. The radiologist evaluated the images obtained from 
mp-MRI to identify lesions and the presence of ECE. Based on 
the findings, intrafascial (nerve sparing), interfascial (partial 
nerve sparing), or extrafascial (non-nerve sparing) dissection 
plans were chosen for the patients in Group 1. If the tumor was 
not near the prostate capsule or in the half part of the prostate, 
intrafascial dissection was chosen. If the tumor was near the 

prostate capsule or had invaded the capsule but did not extend 
to the NVB, interfascial dissection was chosen. In Group 2, dis-
section was planned according to digital rectal examinations and 
preoperative risk was determined according to the D’Amico risk 
classification. A single surgeon performed all the operations, 
and RARP was performed in accordance with standard surgical 
procedures based on widely known publications as previously 
described.[16] Surgical margin status, ECE, seminal vesicle inva-
sion and localization of the tumor were also determined for the 
final surgical specimen and subsequently mapped on macro-
scopic photographs by two dedicated pathologists according to 
the standards of the International Prostate Consensus Group to 
demonstrate the extent and multifocality of the tumors.[17] 

Statistical analysis
The two groups were compared in terms of mean age, PSA 
levels, surgical marginal status, and Gleason sum scores for the 
biopsy and final pathology. A univariate analysis of patients’ 
age, PSA, Gleason sum scores of biopsy, and prostatectomy 
specimens was performed using the Mann-Whitney U test and 
T test. Statistical Package for the Social Sciences (SPSS Inc.; 
Chicago, IL, USA) version 15 was used for statistical analysis 
with the two-tailed significance level set at p<0.05.

Results

In total, 60 patients were enrolled in the study, 30 of whom 
underwent preoperative mp-MRI evaluation (Group 1) and 30 
of them who did not (Group 2). The mean age was 62.1 years 
in Group 1 and 61.9 years in Group 2. The mean PSA level was 
10.57 ng/mL in Group 1 and 8.16 ng/mL in Group 2. Digital 
rectal examination findings were abnormal in 15 patients of 
Group 1 and in 13 patients of Group 2 who had not clinical T3 
or T4 disease. Table 1 shows the demographic characteristics of 
the patients. There were no statistically significant differences 
in terms of age, PSA, biopsy, or final pathologic Gleason sum 
scores between the two groups. 

There were 5 patients in Group 1 with a positive surgical mar-
gin of which four of them involved to nerve sparing route and 
one of them were focal area and three of them were significant. 
Four patients in Group 2 had positive focal surgical margins. 
Statistically, there were no significant differences between the two 
groups in terms of surgical margin positivity (p>0.05). Before the 
operation, patients were stratified according to the D’Amico risk 
classification as low, intermediate, or high risk (Table 2).

mp-MRI predicted 90% of the primary index tumor localization 
in the final pathology of the specimens. After the final pathol-
ogy, ECE (pathologic T3a) was reported in eight patients from 
Group 1 who had abnormal digital rectal examination findings, 
and three out of five patients from Group 2 had abnormal digital 
rectal examination findings (Table 3). The initial planned dis-
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section technique was changed to the nerve-sparing technique 
(intra- or interfascial) following mp-MRI evaluation for at least 
one side for 17 (56%) of the 30 patients. The initial planned 
dissection technique was changed to the non-nerve sparing 
technique (extrafascial) following mp-MRI evaluation for at 
least one side for 1 (3%) of the 30 patients. The mp-MRI and 
final pathologic ECE findings and their sensitivity, specificity, 
positive, and negative predictive values are presented in Table 4.

The mp-MRI and pathologic images of one case in which the 
dissection plan was changed to the nerve-sparing technique after 
mp-MRI are shown in Figure 1. According to the final pathology 
results, 46% of the patients in Group 1 and 50% of the patients in 
Group 2 had higher Gleason sum scores (Tables 5 and 6).

Discussion

Radical prostatectomy is the most common treatment for clini-
cally localized PCa, and the number of RARP procedures has 
been rapidly increasing all over the world since its introduction 

in 2000.[18] The neurovascular bundles that mediate erectile 
function and continence lay posterolateral to the prostatic 
capsule and adjacent tissues, and they are the most important 
anatomic landmarks to spare in RARP for the achievement 

Table 1. Demographics of the two groups 

 Group 1 Group 2  
 (n=30) (n=30) p

Age (year)  62.1  61.9 0.239

PSA (ng/mL) 10.57 8.16 0.160

Positive surgical margin (n, %) 5 (16%) 4 (13%) 0.720

Biopsy Gleason sum 7.06 6.50 0.473

Prostatectomy Gleason sum 7.06 6.53 0.090

PSA: prostate-specific antigen

Table 2. D’Amico risk classification of the groups
Preoperative Low risk  Intermediate risk High risk

Group 1 (n=30) 7 (23%) 13 (43%) 10 (33%)

Group 2 (n=30) 14 (46%) 14 (46%) 2 (6%)

Table 3. Pathological stages of the groups according to 
final pathology
Pathologic stage  T2  T3

Group 1 (n=30) 18 (60%) 12 (40%)

Group 2 (n=30) 25 (83%) 5 (17%)

Figure 1. a-c. Example of dissection plan that was changed according to the nerve-sparing (interfascial) technique. Images of a 
58-year-old man with a PSA level of 5.8 ng/mL and biopsy (Gleason score 4+4=8) performed for five of the ten cores on the right. 
Digital rectal examination revealed abnormalities on the right side of the prostate. Non-nerve sparing dissection was initially 
planned on the right side in accordance with the biopsy. MRI showed no involvement of the neurovascular bundles or seminal 
vesicles but revealed a tumor adjacent to the capsule. MRI images of T2-weighted (a) and diffusion phases (b) were focused on 
the tumor at the right posterolateral gland. The right interfascial dissection plan was performed, and the final pathology (c) had a 
Gleason score of 4+4, confirming the images that showed no extracapsular extension on the right posterolateral gland with nega-
tive surgical margins

a b c

Table 4. Comparison of ECE and mp-MRI with final 
pathology in Group 1
 Final pathology- Final Pathology- 
 ECE No ECE

mp-MRI-ECE 2 1 

mp-MRI-No ECE 6 21 

Sensitivity (%) 25 ----

Specificity (%) --- 95

Positive Predictive Value (%) 66 ---

Negative Predictive Value (%) --- 77

mp-MRI: multiparametric prostate magnetic resonance imaging; ECE: extracapsular extension
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of the trifecta outcomes. According to the latest studies, three 
different dissection plans can be utilized, two of which are for 
nerve-sparing techniques (intrafascial and interfascial) that can 
be used around the periprostatic region.[15] ECE predicts the 
survival and influences the management of localized PCa, and 
before surgery, the patient’s ECE must be identified in order to 
make a decision regarding whether to spare the neurovascular 
bundles. Partin tables were constructed to assess the risk of ECE 
before surgery based on the patient’s PSA level, biopsy Gleason 
score, and clinical stage.[19] ECE can also be predicted based on 
the results of prostate biopsy, such as the percentage of biopsy 
cores involved with cancer and perineural invasion.[20] However, 
these models are not completely reliable predictors of ECE.

Surgeons performing open radical prostatectomy (ORP) demon-
strate that tactile feedback enables intraoperative decisions to be 
made regarding dissection plans for controlling cancer, reducing 
positive surgical margins, and maintaining good postoperative 
erectile function.[21] During RARP, a lack of tactile feedback is 
the main disadvantage of dissecting the neurovascular bundles 
that are adjacent to the tumor. Prostate MRI has been used for 
staging for many years. Due to the implementation of diffusion-
weighted and dynamic contrast-enhanced MRI, tumor diagnosis 
and localization has been improved. mp-MRI may be a good 
tool for detecting prostatic capsule invasion before RARP. 
Current specialized mp-MRI techniques have been shown to 
accurately detect the extent and localization of tumors, thus 
helping the surgeon to choose an appropriate dissection plan 
for radical prostatectomy.[5-9,22-24] In addition, mp-MRI has been 

reported to have a sensitivity of 35–58% and a specificity of 
89–92% for predicting ECE.[4,5,9-11] In our study, the specificity, 
sensitivity, and positive and negative predictive values of ECE 
were 95%, 25%, 66%, and 77%, respectively. We evaluated 
the patients who had RARP with or without preoperative MRI-
guided dissection planning. To our knowledge, this is the first 
study to compare the oncologic results of RARP performed with 
and without mp-MRI-guided dissection techniques. 

In our study, for the patients in Group 1, who underwent mp-
MRI, suspicion of ECE was the main factor influencing dissec-
tion plans. For the patients in Group 2, dissection plans were 
determined based on digital rectal examination findings, and the 
D’Amico risk classification. McClure et al.[25] reported a series 
of cases involving mp-MRI-guided preservation of the NVB in 
RARP. In their study, the initial dissection plan was changed for 
28 of 104 patients (27%) based on MRI findings. Radkte et al.[26] 
reported changes in the dissection plans for 41 of 132 patients 
(31%). However, in our study, the initial plan was changed for 
18 of 30 patients (60%). The higher percentage of changes in 
our study may be due to our more limited study population. In 
our study, there were more intermediate- and high-risk patients 
than in the previous two studies, which meant that mp-MRI 
was necessary more often; in the previous two studies, nerve-
sparing surgery was more appropriate given the patients’ risk 
groups. In our study, we changed the dissection plan from 
non-nerve-sparing to nerve-sparing for 17 of 30 patients (56%), 
while McClure et al.[25] reported this change for 16% (n=17) 
of their patients. They also reported that the surgical technique 
was changed from nerve-sparing to non-nerve-sparing for 10% 
of their 11 patients while in our study we made this change for 
only one patient (3%). In McClure et al.[25] study, no positive 
surgical margins were reported in patients for which the sur-
gical plan was changed to nerve-sparing based on the results 
of mp-MRI. However, in our study, five patients had positive 
surgical margins (16%)-one of which was focal involvement of 
the NVB dissection plan. Of these, three patients were in the 
high-risk group.

MRI has been shown to improve the accuracy of the surgeon’s 
decision to preserve or resect the NVB during ORP. Schlomm 

Table 5. Biopsy and prostatectomy Gleason scores in Group1

Group1    Final Gleason score                           Nerve-sparing surgery

Biopsy GS No. of Patients 3+3 3+4 4+3 4+4 4+5 5+4 5+5 Initial plan Active surgery

3+3 9 5 3 1 -- -- -- -- 8 1

3+4 9 -- 4 5 -- -- -- -- 2 7

4+3 5 -- 1 3 -- 1 -- -- 1 4

4+4 4 -- 1 1 2 -- -- -- 1 3

4+5 3 -- 1 1 -- -- 1 -- 1 2

Table 6. Biopsy and prostatectomy Gleason scores in 
Group 2
Group 2   Final Gleason score

Biopsy GS No. of Patients 3+3 3+4 4+3 4+4 4+5

3+3 15 8 7 -- -- --

3+4 9 1 2 5 1 --

4+3 2 1 1 -- -- --

3+5 2 -- -- 1 -- 1

4+5 1 -- -- -- -- 1
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et al.[27] reported in their retrospective study that intraoperative 
frozen section biopsy of NVB has positive surgical margin less 
often for all stages (15% vs. 22%) and for pathologic T3 (21% 
vs. 32%). Biopsy was positive on that side of the NVB, another 
wide resection of NVB was performed. According to Radtke et 
al.[26], in high-risk patients, ECE score based on mp-MRI is an 
independent predictor of pT3 and may help surgeons plan for 
radical prostatectomy with oncologic security by intraopera-
tively obtaining and freezing sections from patients. In contrast, 
another study that focused on intraoperative frozen sections as a 
way to spare NVB demonstrated a high rate of false negatives, 
potentially resulting in unjustified NVB resection, time con-
sumption, and no significant effect on prognosis.[28,29] We did not 
obtain routine intraoperative frozen sections from our high-risk 
patients, but for a few patients we performed surgical margin 
biopsy, which was negative for all patients. This technique is 
appropriate only for certain high-risk patients. In addition, the 
cost- effectiveness of intraoperative frozen sections must be 
studied in the future.

Five patients (14%) in Group 1 whose dissection plans were 
changed to nerve-sparing had positive surgical margins, only 
one of which was focal. One patient underwent adjuvant radio-
therapy after 18 months, and the others are undergoing close 
follow-up.

Previous studies reported that mp-MRI had 73–95% specificity 
regarding the differentiation of T2 from T3 disease.[11,25,30] Our 
results showed that mp-MRI had 95% specificity, 80% posi-
tive predictive value for ECE, and 91% specificity regarding 
primary tumor localization. A previous study reported that the 
positive predictive value of mp-MRI for ECE was highest in 
the intermediate- and high-risk groups of patients.[11] Our study 
confirmed this finding with a positive predictive value of 91%. 
The final pathology reports were highly concordant with the 
primary lesions reported by mp-MRI. Smaller (<5 mm) can-
cer foci reported in the final pathology, were not detected and 
reported by the mp-MRI, in concordance with the literature. 
Previous studies also concluded that prostate MRI is highly cor-
related with final pathology among intermediate- and high-risk 
patients.[11,25] 

This is a preliminary study showing the efficacy of preoperative 
imaging for surgical planning. The study has several limitations. 
This is a prospective non-randomized study. Our study had a 
limited patient population, and thus it has a lower statistical 
power. For some of our patients, mp-MRI was performed after 
prostate biopsy, which may have resulted in hemorrhagic dis-
tortion and thus a misleading Prostate Imaging Reporting and 
Data System (PIRADS) score. Since our follow- up period was 
rather limited, we could not determine the rate of patients’ long-
term biochemical recurrence. We performed a two-arm study 
with proportionate numbers of patients in each risk group. For 

instance, Group 2 had a larger number of patients at low risk 
preoperatively (46%) than Group 1 (20%). Regarding the final 
pathology, Group 1 had 18 (53%), and Group 2 had 25 (83%) 
patients with pathologic T2. Based on this, it seems as though 
there was a bias toward performing mp-MRI in the intermediate- 
and high-risk groups, but we offered mp-MRI to all our patients 
regardless of their preoperative risk group. All final pathologies 
were investigated in accordance with the International Society 
of Urological Pathology (ISUP) in our hospital’s pathology 
clinic, but the preoperative biopsy pathologies were not stan-
dard, and some were performed at other centers. 

The functional results of the two groups were not reported in 
this manuscript because of the limited data and short follow-up 
period, but we observed early continence and erectile function 
rates in the third month in the MRI-guided operation group. 

In conclusion, we recommend performing mp-MRI before 
RARP for intermediate- and high-risk patients as it can be used 
to determine which dissection technique to use during RARP to 
achieve the ultimate trifecta without compromising the short-
term oncological outcome.
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