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ABSTRACT

 
Objective: To evaluate patterns and imaging-based predictors of positive surgical margins 
(PSMs) in patients with high-risk prostate cancer (PCa) undergoing nerve-sparing (NS) robot-
assisted radical prostatectomy (RARP).
Materials and Methods: We retrospectively analyzed 1,235 consecutive patients with high-
risk PCa treated with RARP between 2022 and 2024 at a high-volume tertiary referral center. 
Among them, 533 patients underwent preoperative multiparametric MRI (mpMRI) reviewed 
by two expert uro-radiologists and MRI–ultrasound fusion biopsy. A per-side analysis was per-
formed to identify predictors of ipsilateral PSMs in cases where neurovascular bundle (NVB) 
preservation was attempted. Biochemical recurrence (BCR) was assessed, and multivariable 
logistic regression was used to determine independent predictors of PSMs.
Results: Overall, 36.1% of patients underwent non–nerve-sparing surgery, 49.5% unilateral NS, 
and 14.4% bilateral NS. Nerve sparing was performed on 418 surgical sides, with ipsilateral 
PSMs detected in 90 (21.5%). Sides with and without PSMs showed comparable nerve-sparing 
techniques (intra- vs interfascial) and similar 3-year BCR-free survival rates (68% vs. 69%) at a 
median follow-up of 36 months, although earlier biochemical failure at lower PSA thresholds 
was more frequent in PSM-positive sides. On multivariable analysis, larger prostate volume, 
apical tumor location, peripheral zone involvement, greater lesion diameter, and extracapsular 
extension on mpMRI were independently associated with an increased risk of ipsilateral PSMs.
Conclusions: Nerve-sparing RARP may be feasible in carefully selected high-risk PCa pa-
tients. The integration of mpMRI-based predictors can enhance patient selection, optimizing 
the balance between oncologic safety and functional preservation. Prospective studies are 
warranted to validate these findings and minimize selection bias.
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INTRODUCTION

During the constant evolution of urologic sur-
gery, the primary objective of radical prostatectomy 
(RP) has always been to eradicate prostate cancer (PCa) 
while striving to maintain the functionality of the pelvic 
organs whenever feasible (1). In this scenario, a nerve-
sparing (NS) technique plays a key role in erectile func-
tion and might positively affect postoperative urinary 
continence (2), also potentially leading to positive sur-
gical margins (PSM) and, therefore, biochemical recur-
rence (BCR) (3). Currently, the European Association of 
Urology (EAU) guidelines do not define strong recom-
mendations over neurovascular bundle (NVB) preserva-
tion, only suggesting avoiding NS surgery when there is a 
clinical risk of ipsilateral extra-capsular extension (ECE) 
based on clinical staging, biopsy Gleason score or mul-
tiparametric magnetic resonance imaging (mpMRI) (4). 
To date, few large retrospective studies failed to confirm 
significant correlations between NVB preservation and 
BCR, risk of metastasis or mortality (5), even in high-risk 
patients with a baseline PSA over 20 ng/mL (6). These 
findings are possibly driven by several specific advance-
ments in the urological surgery panorama. Particularly, 
Robot-assisted RP (RARP) enables us to perform a me-
ticulous nerve-sparing also minimizing positive surgical 
margins (PSM), with a short learning curve supporting 
its global adoption (7). Indeed, the surgeon experience 
remains critical to minimizing PSM, particularly during 
nerve-sparing procedures where oncologic control and 
functional preservation must be carefully balanced (8). 
Moreover, a careful assessment of the MRI images also 
allows surgeons to better forecast and avoid potential 
areas of ECE, thereby reducing the likelihood of PSM (9). 
Three-dimensional models offer enhanced tumor and 
gland visualization, yet their application remains largely 
confined to research and has not been widely adopted 
in routine clinical practice (10). 

The feasibility of nerve-sparing approaches in 
borderline cases, such as those involving high-risk (HR) 
patients, remains underexplored with limited studies ad-
dressing this critical aspect of surgical decision-making. 
An incremental NS technique, tailored according to the 
risk group, has been proposed for RARP (11). However, 

the direct impact of this approach on PSM and BCR re-
mains unclear. 

The aim of this study was to identify predic-
tors of ipsilateral positive surgical margins in patients 
undergoing NS-RARP for high-risk PCa in a novel per-
side fashion, based on side-specific mpMRI features in 
selected patients treated with RARP for HR-PCa in a ter-
tiary referral institution, where the diagnostic process, 
including mpMRI and fusion biopsy, was centralized.

MATERIALS AND METHODS

Study Design 
After Institutional Review Board approval, 

we retrospectively analyzed a consecutive cohort of 
patients treated with robot-assisted radical prosta-
tectomy (RARP) for high-risk prostate cancer (PCa) 
between January 2020 and April 2023 at our tertiary re-
ferral center. Among this overall surgical population, a 
predefined subset of patients underwent preoperative 
multiparametric magnetic resonance imaging (mpM-
RI) performed and centrally reviewed at our institution 
by two expert uro-radiologists, as well as MRI–ultra-
sound fusion biopsy. The present study and all subse-
quent per-side analyses were restricted to this mpMRI-
reviewed subgroup, which constituted the analytical 
cohort for side-specific evaluation of nerve-sparing 
decisions and ipsilateral positive surgical margins. 

Main inclusion criteria were as follows: 1) high-
risk PCa according to the EAU risk groups for biochem-
ical recurrence (4); 2) mpMRI performed and evaluated 
or re-evaluated by two expert uro-radiologists (S.A., 
F.D.N.) at our Center; 3) MRI-ultrasound fusion biopsy 
performed by expert urologists or uro-radiologists at 
our center or ; 4) having completed a minimum of 24 
months follow-up.

Main exclusion criteria were as follows: 1) Previ-
ous therapy for PCa, including RT, focal therapy or an-
drogen deprivation therapy (ADT); 2) Evidence of distant 
metastasis, including non-regional lymph nodes, at preop-
erative conventional staging, consisting in bone scintigra-
phy (BS) and computed tomography (CT), or PET-PSMA. 
These exams were performed in all included patients; 3) 
mpMRI or ultrasound fusion biopsy performed in another 
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center or performed at our center by other operators with 
limited expertise.

Included patients were stratified according to 
the preservation of bundle: radical (Group A), monolat-
eral nerve-sparing (NS) (Group B), bilateral NS (Group C). 

Surgical technique 
All procedures were performed by four experi-

enced surgeons (≥100 RARP), with a standard six ports 
transperitoneal configuration. The Da Vinci surgical sys-
tem Si, X or Xi (Intuitive Surgical, Sunnyvale, CA, USA) 
were used throughout the cases. In case of anticoagu-
lant/antiplatelet (AC/AP) therapy, its suspension, re-
placement or maintenance was agreed with the anes-
thesiologist and the patient. An anterograde approach 
was chosen in all cases. Concomitant standard pelvic 
lymph node dissection (PLND) was performed in all 
cases according to standard anatomical landmarks, in-
cluding the removal of lymphatic tissue along the exter-
nal iliac vessels, within the obturator fossa, and around 
the internal iliac vessels. NS was performed with an 
intrafascial dissection between the peri-prostatic veins 
and the pseudocapsule of the prostate, or interfascial 
dissection along the peri-venous plane; or extrafascial 
dissection.

According to demographic, clinical and patho-
logical features, NS side and technique were performed 
according to surgeon preference, also discussed and 
agreed with the patient prior to the surgery. The deci-
sion to perform NS or radical dissection was based on 
surgeon discretion and intraoperative judgement, which 
inevitably introduces selection bias. This limitation was 
acknowledged and considered in statistical interpreta-
tion. Change of strategy of NS technique during treat-
ment was also reported. Pelvic drainage was placed at 
the end of the procedure at surgeon’s discretion. A 18Ch 
Foley catheter was inserted during the procedure in all 
cases. Catheter removal was scheduled according to 
the surgeon’s judgment.

Covariates and outcomes
The following clinical, imaging, and pathologi-

cal variables were prospectively collected: patient age, 
body mass index (BMI), Charlson Comorbidity Index 

(CCI), presence of hypertension or diabetes mellitus, 
smoking status (categorized as current, former, or 
never smoker), history of previous transurethral re-
section of the prostate (TURP), and previous major 
abdominal surgery. Preoperative evaluation included 
serum prostate-specific antigen (PSA) levels and find-
ings on digital rectal examination (DRE) performed by 
the attending urologist. Multiparametric MRI (mpMRI) 
parameters included prostate volume, Prostate Imag-
ing Reporting and Data System (PI-RADS) score of 
the dominant lesion, maximum diameter of the index 
lesion, anatomical location (apex, mid-gland, base), 
and zonal distribution (anterior, peripheral, transition-
al zones). Radiological features suggestive of ECE and 
SVI were systematically assessed, with ECE defined 
by the presence of neurovascular bundle asymmetry, 
capsular bulge or irregularity, measurable extracap-
sular disease, or obliteration of the recto-prostatic 
angle on high-resolution T2-weighted images, and 
SVI based on direct tumor extension into seminal 
vesicles, low signal intensity, or abnormal contrast 
enhancement. In the absence of these features, or-
gan-confined disease was assumed. Biopsy variables 
included ISUP grade group assignment according to 
the modified Gleason scoring system endorsed by 
the 2005 and 2014 ISUP consensus conferences, and 
clinical staging (cT and cN) were determined based 
on DRE and imaging findings. PSA persistence was 
defined as a prostate-specific antigen level ≥0.1 ng/
mL measured at the first postoperative assessment, 
4–6 weeks after surgery. Biochemical failure (BCF) 
was defined as the first occurrence of PSA ≥0.1 ng/
mL at any time during follow-up, thereby capturing 
early biochemical progression and necessarily in-
cluding patients with PSA persistence. Biochemi-
cal recurrence (BCR) was defined as a PSA ≥0.2 ng/
mL confirmed on two consecutive measurements, 
in accordance with European Association of Urol-
ogy guidelines, and was used to estimate biochemi-
cal recurrence–free survival. BCF and BCR represent 
distinct, non–mutually exclusive oncologic endpoints 
evaluated at different PSA thresholds and with differ-
ent confirmation requirements; therefore, their pro-
portions are not expected to sum to 100%. UI was de-
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sequent per-side analyses were conducted exclusively 
within the subgroup of patients who underwent central-
ized mpMRI review and fusion biopsy at our institution, 
as detailed in the Methods section. Statistical analysis 
was performed using SPSS v. 27 (IBM SPSS Statistics for 
Mac, Armonk, NY, IBM Corp).

RESULTS

Overall, 533 patients were included in the study. 
Median patient age was 69 years (IQR: 64–73), and me-
dian Charlson Comorbidity Index (CCI) was 3 (IQR: 2–4). 
Median body mass index (BMI) was 25.7 kg/m² (IQR: 
23.9–27.8). Most patients had hypertension (72%) or 
diabetes mellitus (63%), with fewer having undergone 
previous major abdominal surgery (18%) or previous 
endoscopic treatment for benign prostatic obstruc-
tion (6.6%). Median baseline PSA was 7.4 ng/mL (IQR: 
5.4–11), and DRE was positive in 82% of cases. RARP for 
HR PCa was performed either radically in 192 (36.1%), or 
with monolateral or bilateral NS in 264 (49.5%) and 77 
(14.4%) patients, respectively (Supplementay Table-2). 
By dividing patients for the type of NS approach, a high-
er median age recorded in the radical group (p=0.01) 
was found compared to the Monolateral and Bilateral 
NS groups. Moreover, the radical group showed a sig-
nificative higher rate of positive DRE and of clinical ECE 
at mpMRI (p=0.01 and p=0.02, respectively) compared 
to the counterparts. Baseline comorbidity burden, as-
sessed by the Charlson Comorbidity Index and the prev-
alence of hypertension and diabetes mellitus, was com-
parable across nerve-sparing groups and is detailed in 
Table-1. For interpretability, CCI was also categorized as 
0–2, 3–4, and ≥5. Functional outcomes (continence and 
erectile recovery) were stratified according to NS sta-
tus, showing superior recovery in NS patients, although 
baseline functional status may have influenced surgical 
choice. These differences underscore the presence of 
selection bias, as patients with more adverse clinical 
features were more often managed with a radical ap-
proach. At per-side analysis, nerve-sparing was applied 
to 418 sides during RARP, with PSM identified in 90 
(21.5%) of these sides. Sides with PSM exhibited larger 
median lesion diameters on mpMRI compared to those 

fined as the use of >1 pad per day. ED was defined as 
an IIEF-5 score <12 (moderate or severe). 

Follow-up
First postoperative assessment included cath-

eter removal, Kegel exercises were routinely illustrated 
concomitantly. Therefore, a postoperative assessment 
was scheduled approximately 30 days after surgery, 
and included clinical, histopathological and laboratory 
evaluation. Patients interested in erectile function recov-
ery who underwent NS-RARP were provided with PDE5i 
treatment, which was offered free of charge by the Na-
tional Health System (12)The International Index of Erec-
tile Function-5 (IIEF-5) was self-administered to assess 
sexual function.  Therefore, patients were followed up 
at 3, 6 and 12 months postoperatively, and then twice a 
year. Total PSA, urinary incontinence (UI) and erectile 
disfunction (ED) were evaluated.

Statistical analysis

Continuous variables are presented as medi-
an (IQR: interquartile range) and differences between 
groups were tested by Student’s independent t-test or 
Mann-Whitney U-test according to their normal or non-
normal distribution, respectively (normality of variables’ 
distribution was tested by Kolmogorov-Smirnov test). 
Proportional data were assessed using Pearson’s Chi-
square test. Per-patient and per-side analyses were 
performed to evaluate PSM rate. Oncologic outcomes 
were evaluated on a per-patient analysis. Univariate and 
multivariate logistic regression analyses (MVA) were 
performed to identify independent predictors for clini-
cally meaningful outcomes. Candidate variables includ-
ed PSA, DRE findings, clinical T stage, and all mpMRI-
derived features. Collinearity diagnostics were assessed 
using Variance Inflation Factors (VIF > 5) and Spear-
man’s correlation. PSA and DRE were found to be highly 
correlated with MRI-derived markers (ECE and lesion 
diameter) and clinical T stage (VIFs = 4.8–5.1), leading to 
their exclusion from the final model to prevent multicol-
linearity. A sensitivity multivariable model including PSA 
and DRE is presented in Supplementary Table-1. Statis-
tical significance was set as p <0.05. Of note, all sub-
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free of PSM (18 mm [IQR: 10–22] vs. 12 mm [IQR: 10–16], 
p=0.01) and a greater frequency of lesions >15 mm (44% 
vs. 27%, p=0.02). Additionally, PIRADS 5 lesions were 
more prevalent on sides with PSM compared to sides 
without (44% vs. 24%, p=0.02). Apical lesion location 
was markedly more frequent in sides with PSM (58% 
vs. 26%, p=0.01), while mid (19% vs. 31.7%) and basal 
locations (23% vs. 42.3%) were less common (p=0.01). 
The presence of extracapsular extension (ECE) (44% vs. 
27%, p=0.001) and seminal vesicle invasion (SVI) (21% 
vs. 12%, p=0.01) at mpMRI were higher in sides harbor-
ing PSM. Histological assessment confirmed pathologi-
cal ECE was more frequent among sides with PSM (75% 

vs. 53%, p=0.01). Other relevant MRI and biopsy charac-
teristics are detailed in Table-2.

Regarding perioperative outcomes, median 
operative time was 165 minutes (IQR: 124–193), with 
slightly longer operative durations observed for sides 
with PSM compared to those without (183 vs. 161 min-
utes, p=0.08). An intraoperative switch of nerve-spar-
ing technique was recorded in 9.1% of cases, occur-
ring more frequently in sides subsequently harboring 
positive surgical margins (21.0% vs. 6.1%, p=0.015), 
with the most common modification being from an 
intrafascial to an interfascial dissection.

Pathological staging demonstrated that pT3a 

Table 1 - Baseline, clinical and pathological preoperative features of patients with High risk PCa treated with 
Robot Assisted Radical Prostatectomy (RARP).

Characteristics Overall
N = 5331

Bilateral 
Radical

N = 1921

Monolateral NS
N = 2641

Bilateral NS
N = 771

p-value2

Age years, median (IQR) 73 (66-77) 75 (69-79) 73 (64-76) 67 (62-71) 0.04

BMI (kg/m2), median (IQR) 25.7 (23.9-
27.8)

26.3 (22.1-
29.9)

23.8 (21.6-27.6) 28.1 (24.2-
31.2)

0.3

CCI, median (IQR) 0.8

0-2 229 (43) 89 (46) 109 (42) 31(41)

3-4 298 (56) 101 (52) 152 (57) 45 (58)

>5 6 (1) 2 (2) 3 (1) 1 (1)

Hypertension, n (%) 384 (72%) 142 (74%) 187 (71%) 55 (71%) 0.6

Diabetes mellitus, n (%) 336 (63%) 120 (63%) 171 (64%) 45 (61%) 0.7

Previous endoscopic surgery for BPO, n (%) 35 (6.6%) 13 (6.7%) 18(6.8%) 4 (5.1) 0.2

Previous major abdominal surgery, n (%) 95 (18%) 35 (18%) 44 (16%) 16 (20%) 0.12

Preoperative PSA, median (IQR) 7.4 (5.4-11) 9.1 (6.7-13.2) 7.2 (6.1-10) 5.9 (4.6-9) 0.08

Positive DRE, n (%) 437 (82%) 184 (95%) 213 (81%) 40 (52%) 0.01

Prostate Volume (cc), median (IQR) 52 (38-67) 54 (34-63) 49 (33-72) 42 (28-58) 0.18

Main lesion dimension at MRI, median (IQR)  19 (12-18) 21 (16-29) 18 (10-22) 9 (7-14) 0.01

Extracapsular estension, n (%) 202 (38%) 95 (49%) 88 (33%) 19 (24%) 0.01

Seminal Vescicles Invasion, n (%) 64 (12%) 26 (13.5%) 32 (12%) 6 (7.7) 0.06

BMI = Body Mass Index; BPO = Benign Prostatic Obstruction; CCI = Charlson Comorbidity Index, PSA = Prostate Specific Antigen; DRE = Digito-
Rectal Examination
¹ Values are reported as median (interquartile range) or number (percentage), as appropriate.
² P-values were calculated using Mann–Whitney U test, Student’s t-test, or Chi-square test, as appropriate.
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Table 2 - Magnetic Resonance Imaging (MRI) and pathological preoperative features of patients with High 
risk PCa treated with Nerve Sparing Robot Assisted Radical Prostatectomy (RARP).

Characteristic Overall 
N = 4181

NO PSM same 
side

N = 3281

PSM same side
N = 901

p-value2

Prostate Volume (cc), median (IQR) 45 (33-59) 48 (34-63) 45 (33-72) 0.13

Prostate Volume >80cc, n(%) 54 (13%) 34 (10.4%) 20 (22.2%) 0.01

PIRADS 5
(same side of bundle preservation), n (%)

0.02

Yes 118 (28%) 78 (24%) 40 (44%)

PIRADS >15mm
(same side of bundle preservation), n (%)

0.02

Yes 127 (30%) 88 (27%) 39 (44%)

Main lesion dimension at MRI, median (IQR)  14 (12-18) 12 (10-16) 18 (10-22) 0.01

PIRADS location, n (%) 0.01

Apex 137 (33%) 85 (26%) 52 (58%)

Mid 121 (29%) 104 (31.7%) 17 (19%)

Base 160 (38%) 139 (42.3%) 21 (23%)

PIRADS zone lesion, n (%) 0.001

Anterior 21 (5%) 14 (4.3%) 7 (8%)

Periferic 322 (77%) 267 (76%) 55 (61%)

Transitional 75 (18%) 47 (19%) 28 (31%)

Extracapsular estension, n (%) 129 (31%) 89 (27%) 40 (44%) 0.001

Seminal Vescicles Invasion, n(%) 18 (9%) 7 (21%) 11 (12%) 0.01

ISUP grade, at biopsy, n (%) 0.06

4 374 (89%) 296 (90%) 78 (86%)

5 44 (11%) 32 (10%) 12 (14%)

Clinical T stage, n(%) 0.2

cT1c 79 (19%) 62 (19%) 17 (18%)

cT2a 80 (19%) 65 (20%) 15 (16%)

cT2b 9 (2%) 7 (2%) 2 (2%)

cT2c 183(44%) 134 (41%) 49 (51%)

cT3a 58 (14%) 46 (14%) 12 (13%)

cT3b 9 (2.1%) 8 (2.2%) 1 (2%)

cN, n(%) 0.6

cN0 391 (93%) 307 (94%) 82 (91%)

cN1 27 (7%) 21 (6%) 8 (9%)

¹ Values are reported as median (interquartile range) or number (percentage), as appropriate.

² P-values were calculated using Mann–Whitney U test, Student’s t-test, or Chi-square test, as appropriate.
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Table 3 - Perioperative, pathological and follow-up features of patients with high risk PCa treated with RARP 
with neurovascular bundle preservation. 

Characteristic Overall
N = 4181

NO PSM same 
side

N = 3281

PSM same side
N = 901

p-value2

Operative Time (min), median (IQR) 165 (124-193) 161 (111-181) 183 (158-203) 0.08

Estimated blood loss (mL), median (IQR) 200 (100- 350) 200 (80-300) 220 (120-400) 0.2

Intraoperative Complications, n. (%) 6 (1.3%) 4 (1.2%) 2 (2.2) 0.12

Intraoperative switch of NS technique, n % 0.014

from intrafascial to interfascial NS 32 (7.7%) 15 (4.6%) 17 (18.8%)

from intrafascial to extrafascial NS 5 (1.2%) 4 (1.2%) 1 (1.1%)

from interfascial to extrafascial NS 1 (0.2%) 1 (0.3%) 0 (0%)

Nerve sparing technique performed, n. (%) 0.08

Intrafascial 84 (20.1%) 46 (14%) 17 (18.8%)

Interfascial 328 (78.5%) 266 (81.1%) 62 (68.9%)

Extrafascial 6 (1.4%) 5 (1.5%) 1 (1.1%)

Time to drainage removal (days), median (IQR) 1(1-2) 1(1-2) 1(1-2) 0.9

Length of stay (days), median IQR 3 (2-4) 3 (2-4) 3 (2-4) 0.9

Pathological T stage, n (%) 0.01

pT2 64 (15%) 54 (17%) 10 (11%)

pT3a 235 (57%) 174 (53%) 61 (75%)

pT3b 111 (27%) 92 (29%) 19 (21%)

Pathological N stage, n. (%) 0.2

pN0 384 (92%) 302 (92%) 77 (86%)

pN1 34 (8%) 26 (8%) 13 (14%)

PSA persistence, n. (%) 17 (4.1%) 12 (3.7%) 5 (5.5%) 0.11

Biochemical failure, n. (%) 211 (50.4%) 165 (50.3%) 46 (51.1%) 0.09

3 Years Biochemical Recurrence Free Survival, 
n (%)

284 (68%) 222 (68%) 62 (69%) 0.8

Time to BCF (months) 6 (1-12) 6 (3-12) 4 (1-9) 0.07

Follow up (months), median (IQR) 36 (24-40) 36 (24-40) 32 (20-40) 0.08

Min = minutes; IQR = Inter Quartile Range; BCF = Biochemical failure
¹ Values are reported as median (interquartile range) or number (percentage), as appropriate.
² P-values were calculated using Mann–Whitney U test, Student’s t-test, or Chi-square test, as appropriate.
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tumors occurred more frequently in sides with PSM 
compared to those without (75% vs. 53%, p=0.01), while 
the rates of pT2 and pT3b stages were lower or compa-
rable (Table-3). Among nerve-sparing techniques, in-
terfascial dissection was the most adopted approach 
(85%), whereas intrafascial dissection was used in 15% 
of cases, with no significant difference according to PSM 
occurrence (p=0.08). Biochemical failure (PSA ≥0.1 ng/
mL during follow-up) occurred in 211/418 sides (50.4%), 
with a slightly shorter median time to biochemical fail-
ure in sides with PSM (4 months [IQR: 1–9]) compared 
with those without PSM (6 months [IQR: 3–12], p=0.07), 
consistent with Table-3. In terms of 3-year biochemical-
recurrence-free survival, no significant differences were 
observed between sides without and with PSM (68% 
vs 69%, p=0.8). At multivariable analysis, larger prostate 

volume (OR: 1.02; 95% CI: 1.01–1.03; p=0.01) and PIRADS 
lesion diameter (OR: 1.01; 95% CI: 1.006–1.32; p=0.02), api-
cal lesion location (OR: 2.03; 95% CI: 1.23–3.37; p=0.01), 
peripheral vs transitional zone lesion (OR: 3.22; 95% CI: 
1.18–4.76; p=0.001) and ECE (OR: 4.19; 95% CI: 2.89–6.86; 
p=0.001) detected at MRI were independently associated 
with the presence of PSM. In a sensitivity model including 
PSA and DRE, neither variable was independently asso-
ciated with ipsilateral PSM (PSA p = 0.27; DRE p = 0.18), 
and model discrimination (AUC = 0.80) was comparable 
to the primary mpMRI-based model (AUC = 0.79), con-
firming the robustness of our findings. Other factors, in-
cluding ISUP grade 5 on target biopsy and intraoperative 
switch of nerve-sparing technique, were not significantly 
associated with positive surgical margins (Table-4).

Table 4 - Multivariable analysis assessing the clinical predictors of positive surgical margin on the same side of 
neurovascular bundle preservation after Robot-Assisted Radical Prostatectomy for High-Risk Prostate Cancer. 

Covariates OR 95%CI p value

Prostate Volume (100cc) 1.02 1.01-1.03 0.01

PIRADS location

Base Ref

Mid 1.34 0.72 – 2.45 0.2

Apex 2.03 1.23 – 3.37 0.01

PIRADS zone lesion

Anterior Ref

Peripheral 3.22 1.18 – 4.76 0.001

Transitional 1.8 0.85 – 2.73 0.4

PIRADS dimension (mm) 1.01 1.006 - 1.32 0.02

ISUP >4 on target samples

No Ref

Yes 1.38 0.94-1.88 0.06

Extracapsular estension at MRI

No Ref

Yes 4.19 2.89-6.86 0.001

Intraoperative switch of NS technique (yes/no) 1.26 0.94-1.67 0.11

OR = Odds Ratio; CI = Confidence Interval; MRI = Magnetic Resonance Imaging
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DISCUSSION

Preoperative mpMRI has been shown to impact 
surgical planning by identifying laterality and extent of 
disease, allowing refinement of the NS approach (13). 
The NS surgery in HR-PCa remains a debated strategy 
due to the increased risk of ECE and PSM (14). However, 
advances in preoperative imaging and the precision of 
RARP have broadened the indications for NS in selected 
patients (15, 16). The EAU guidelines do not contraindi-
cate NS in HR-PCa but recommend avoiding it when 
clinical or radiological predictors of ECE are present (4). 
The novelty of our work lies in the per-side analytical 
approach with centralized mpMRI review, allowing for 
refined correlation between imaging predictors and ip-
silateral PSM.

High-quality evidence supporting the safety of 
NS in HR-PCa remains limited, particularly in standard-
ized cohorts with centralized imaging and pathology re-
view (17, 18). As a result, most available data on NS origi-
nates from low- or intermediate-risk populations, where 
the oncologic risk is lower and functional preservation 
is more routinely prioritized (19). In contrast, the applica-
tion of NS in HR-PCa is yet to be determined, despite 
growing interest in surgical de-escalation strategies. 
Evidence specific to HR-PCa, and particularly to side-
specific nerve preservation, is scarce. However, HR-PCa 
is a heterogeneous entity, and in selected patients with 
unilaterally localized lesions, wide bilateral excision may 
be unnecessarily aggressive (20, 21). When imaging 
confirms unilateral disease without features suggest-
ing ECE, unilateral or incremental NS may be a feasible 
compromise. An mpMRI-based nomogram has been 
developed to guide NS grade selection based on the 
probability of ECE, offering a side-specific, risk-adapted 
approach to optimize the balance between functional 
recovery and oncologic control (22). 

In this study, we evaluated the postoperative and 
oncological outcomes of NS-RARP in a highly selected 
cohort of patients with HR-PCa, treated in a tertiary re-
ferral center with centralized preoperative staging us-
ing mpMRI and fusion-targeted biopsy. All patients ful-
filled high-risk criteria according to EAU classification, 
including ISUP grade group ≥4 (63.8%) or PSA >20 ng/

mL (23.8%), while 48.5% had clinical stage ≥T3a. Nerve 
preservation was planned based on side-specific radio-
logical and pathological findings, allowing risk-adapted 
surgical planning. Bilateral nerve-sparing was initially 
intended in 18.8% of cases, unilateral in 57.9%, and no 
nerve-sparing in 23.2%, with final decisions refined in-
traoperatively according to local findings.

From an oncologic standpoint, approximately 
half of the cohort experienced biochemical failure at 
the 0.1 ng/mL threshold during follow-up, and about 
one-third developed BCR within 3 years, highlighting 
that in carefully selected patients, nerve-sparing did 
not worsen short-term oncologic outcomes compared 
with non-nerve-sparing approaches, whereas long-term 
oncologic equivalence remains uncertain given the lim-
ited follow-up. This apparent discrepancy reflects the 
different biological and temporal meaning of the two 
endpoints, as BCF captures early PSA progression at a 
lower threshold, whereas BCR represents a more strin-
gent and confirmed definition of biochemical relapse. 

We also evaluated the role of different NS tech-
niques—classified as intrafascial, interfascial, and extra-
fascial—performed on each side in relation to mpMRI 
features and pathological outcomes. The planned dis-
section plane was defined preoperatively but frequently 
modified intraoperatively based on direct assessment. 
These changes were systematically recorded, allowing 
us to analyze how surgical adaptability influenced ip-
silateral PSM rates in relation to preoperative imaging 
and tumor localization. In our series, interfascial dissec-
tion was the most frequently performed nerve-sparing 
technique, representing 56.2% of all sides. Intrafascial 
dissection was used in 25.2% of cases, while a radical 
approach (i.e., complete excision of the bundle) was 
chosen in 18.6%, particularly when intraoperative find-
ings raised concern for extracapsular extension. Notably, 
in 21.7% of cases, the initial nerve-sparing strategy was 
modified intraoperatively, most often by downgrading 
the dissection plane based on intraoperative judgment. 
No significant difference in PSM was observed between 
interfascial and intrafascial approaches, supporting 
the effectiveness of preoperative planning and intra-
operative adaptability. This approach mirrors the logic 
of graded nerve-sparing, where the dissection plane is 
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tailored according to side-specific oncologic risk and is 
consistent with EAU recommendations to avoid nerve 
preservation only in the presence of clear predictors of 
extracapsular disease.

To better evaluate the relationship between 
nerve-sparing and surgical margins, we moved from a 
per-patient to a per-side analytical framework, allow-
ing for a more granular assessment of how side-spe-
cific tumor features and surgical decisions influence 
ipsilateral PSM.

In this setting, our first key finding was that 
several mpMRI features were independently associ-
ated with the occurrence of PSM on the same side of 
NS, thus jeopardizing the oncological safety of surgery. 
Particularly, the presence of larger prostate volume 
(p=0.04), higher PIRADS lesion diameter (p=0.02), 
apical lesion location (p=0.01) as well as peripheral 
vs transitional zone lesion (p=0.001) predicted the oc-
currence of positive margins, also when the procedure 
was carried out by a highly experienced robotic sur-
geon. These findings potentially represent a strong 
argument in favor of the widening of surgical indica-
tions for the NS adoption, thus highlighting the impor-
tance of tailored surgical planning when balancing 
functional and oncologic outcomes(23-26). To date, no 
clinical features were included in the preoperative PSM 
prediction. In contrast, several series proposed a vali-
dated nomogram-based model incorporating mpMRI 
findings—including PI-RADS score, lesion location, 
and capsular contact—alongside clinical parameters. 
Particularly, Soeterik et al. (24) developed a preop-
erative risk model that combines mpMRI and clinical 
variables to predict side-specific ECE, with posterior 
and lateral lesion location identified as important con-
tributors to risk stratification. Similarly, Nyarangi-Dix 
et al. proposed a nomogram that integrates imaging 
features such as PI-RADS score and lesion localization 
to improve prediction accuracy for ECE in high-risk 
patients (25, 27-30). Ostau et al. externally validated 
a bicenter risk model emphasizing the role of mpMRI 
markers—including lesion location and extent of cap-
sular contact—for anticipating ECE, demonstrating 
improved performance over clinical-only tools (26). Al-
though these models are primarily designed to predict 

ECE rather than PSMs directly, the anatomical predic-
tors they incorporate—particularly posterior and apical 
involvement—are consistent with our findings. These 
regions are known to pose technical challenges dur-
ing prostatectomy, and their accurate delineation on 
mpMRI is critical for margin control.

Our study further emphasizes the utility of 
centralized imaging review, which likely enhanced the 
consistency and reliability of lesion localization and 
feature interpretation. On the other hand, the central-
ization of the radiologic assessment enhanced the 
statistical predictive value of MRI predictors over the 
clinical one, particularly when only a high-risk pa-
tient’s subset is analyzed.  Indeed, while we did not 
use nomograms, our results underscore the pivotal 
role of high-quality, anatomically detailed mpMRI in 
predicting adverse pathological outcomes and guiding 
intraoperative strategy, particularly in clinical settings 
where predictive models are not routinely applied. An 
additional consideration concerns the generalizability 
of our findings. The predictive value of the identified 
variables relies heavily on high-quality mpMRI acqui-
sition and expert interpretation, which were ensured 
in this study through centralized imaging review by 
dedicated uro-radiologists. Consequently, the appli-
cability of our results may be limited in settings with 
heterogeneous imaging protocols or limited radiologic 
expertise. External validation in multicenter cohorts 
with varying levels of mpMRI standardization is there-
fore warranted before broader clinical implementation.

The present manuscript is not devoid from 
limitations. Firstly, the retrospective study design and 
the single center fashion might have induced several 
non-negligible biases in the analysis. Nevertheless, 
the centralization of the imaging assessment repre-
sented a key factor to properly evaluate the overall 
burden of preoperative imaging-based surgical plan-
ning on patient’s outcomes. Secondly, the relatively 
small sample size might lower the replicability of the 
reported results. Moreover, the lack of randomization 
might have overestimated the NS feasibility in more 
complex cases. The absence of a statistically signifi-
cant association between ISUP 5 and positive surgical 
margins in the multivariable model might reflect collin-
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earity between histologic grade and MRI-detected ex-
tracapsular extension, both representing closely inter-
related indicators of tumor aggressiveness. When both 
variables were included, ECE emerged as the stronger 
anatomical predictor, attenuating the apparent effect 
of ISUP grade. Similarly, although PSA and DRE are es-
tablished clinical parameters in most preoperative risk 
models, in our cohort both were strongly correlated 
with MRI-derived markers of tumor extent, resulting in 
multicollinearity and their subsequent exclusion from 
the final model. Sensitivity analyses confirmed that 
their inclusion did not enhance model discrimination, 
reinforcing the predominance of imaging-derived pre-
dictors in this high-risk, imaging-centralized popula-
tion. Nevertheless, it should be noted that the limited 
number of events per variable (90 sides with PSM) may 
have reduced the statistical power to detect weaker in-
dependent effects of clinical variables. With larger co-
horts and a higher event count, modest associations 
for PSA, DRE, or ISUP grade could potentially emerge 
as significant. Key limitation is the potential for selec-
tion bias in NS choice. Importantly, our findings should 
be interpreted in the context of radiotherapy plus ADT 
being a well-established standard of care in HR-PCa, 
and surgery with NS may be considered only in indi-
vidualized cases.  Furthermore, the follow-up period 
of 36 months is too short to draw definitive oncologic 
conclusions in HR-PCa. The omission of key predictors 
such as PSA and DRE from final models further limits 
clinical generalizability.

CONCLUSIONS

The adoption of a nerve-sparing approach dur-
ing RARP represents a feasible option only in carefully 
selected high-risk prostate cancer patients. According-
ly, the identification of imaging-based predictors such 
as prostate volume, apical location, peripheral zone 
involvement, lesion size, and ECE might enhance the 
patient selection process, thus optimizing the balance 
between functional and oncologic outcomes. These as-
pects warrant further evaluation in randomized settings 
and may help guide clinical decision-making.
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APPENDIX

Supplementary Table 1 - Sensitivity multivariable model accounting for both clinical and mp MRI features.

Supplementary Table 2. Sensitivity multivariable model accounting for both2 - clinical and mp MRI features

Variable OR 95% CI p value

PSA (ng/mL) 1.01 0.99–1.03 0.27

Positive DRE 1.34 0.86–1.94 0.18

Prostate volume 1.02 1.01–1.03 0.01

Apical lesion 2.11 1.24–3.43 0.01

Peripheral zone lesion 3.12 1.14–4.71 0.001

ECE at mpMRI 3.98 2.74–6.65 <0.001

Model AUC 0.80 (vs 0.79 in main model)
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