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Abstract

Background: Erectile dysfunction is a common complication following radical prostatectomy and may substantially
affect quality of life.

Objective: To compare erectile function recovery following radical prostatectomy using different nerve-sparing
techniques and identify factors associated with successful recovery.

Methodology: This prospective comparative observational study was conducted at AJK medical college
muzaffarabad from September 2024 to September 2025 and included 180 patients undergoing radical prostatectomy
for localized prostate cancer. Patients were equally divided into bilateral nerve-sparing, unilateral nerve-sparing, and
non-nerve-sparing groups (n=60 each).

Results: Baseline IIEF-5 scores were comparable among the bilateral, unilateral, and non-nerve-sparing groups (21.2
+2.4,20.8 £2.6, and 20.5 + 2.7; p=0.322). At 12 months, mean IIEF-5 scores were significantly higher following
bilateral nerve-sparing (18.7 & 3.4) than unilateral (15.2 + 3.8) and non-nerve-sparing surgery (10.3 + 3.9; p<0.001).
Erectile function recovery at 12 months occurred in 45 (75.0%), 33 (55.0%), and 16 (26.7%) patients, respectively
(p<0.001). Mean time to recovery was 6.7 + 2.8, 8.1 + 2.6, and 9.4 + 2.2 months, respectively (p<0.001). Bilateral
nerve-sparing independently increased the odds of erectile recovery (AOR=4.26, 95% CI: 2.01-9.04; p<0.001).

Conclusion: Bilateral nerve-sparing radical prostatectomy was associated with the greatest and fastest erectile
function recovery, while unilateral nerve-sparing provided intermediate outcomes. Younger age, better baseline
erectile function, absence of diabetes, and PDES inhibitor rehabilitation were additional favorable predictors.
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Introduction

Radical prostatectomy is one of the major therapeutic
options for the treatment of patients with clinically
localized prostate cancer. Surgical improvements such
as robotics and minimally invasive techniques have
resulted in better oncological results and decreased
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peri-operative morbidity. Erectile dysfunction is,
however, a significant postoperative complication and
can significantly impact quality of life, psychological
well-being, intimate relationships and satisfaction with
treatment [1]. The pathophysiology of post-
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prostatectomy erectile dysfunction is complex.
Neuropraxia following surgery can be caused by
injury to the cavernous nerves, which can lead to
impaired nitric oxide-mediated smooth muscle
relaxation, decreased oxygenation of the penis and
structural changes in the corpus cavernosum [2].
However, it is important to preserve the neurovascular
structures, as prolonged denervation can lead to
smooth muscle apoptosis, collagen deposition and
penile fibrosis, which are necessary for satisfactory
outcome after surgery [3]. The advent of nerve-sparing
radical prostatectomy was significant in prostate
cancer surgery. It is designed to leave the
neurovascular bundles around the prostate, while
achieving sufficient tumor clearance [4]. The surgeon
may use one of three different surgical techniques:
bilateral nerve-sparing, unilateral nerve-sparing and
non-nerve-sparing prostatectomy, depending on the
location of the tumor, stage of the cancer, baseline
erectile function, and intraoperative findings.
Theoretically, bilateral nerve preservation affords the
best chance of restoring erectile function, and
unilateral nerve preservation may maintain some
erectile function when bilateral preservation is deemed
to be oncologically unsafe [5].

There are factors other than surgical technique which
affect recovery of erectile function after RP. Poor
baseline erectile function, presence of major vascular
comorbidities, higher stage of tumor, and loss of more
nerve tissue, surgeon experience, and penile
rehabilitation has all been shown to be associated with
poor functional outcomes [6]. Recovery is also slow
and can take 12—24 months or longer as it takes time
to regenerate the cavernous nerves and restore erectile
tissue function [7]. Standardized and longitudinal
assessment of postoperative erectile function therefore
needs to be performed. The International Index of
Erectile Function (IIEF-5) is a simple, well validated
tool to measure and track erectile function after
prostatectomy [8]. IIEF-5 scores at selected
postoperative times can help to define the course of
recovery after surgery and make more meaningful
comparisons  between  various  nerve-sparing
techniques. Consistent with this, previous studies
showed that the best recovery of erectile function after
bilateral nerve-sparing surgery was better than that of
unilateral or non-nerve-sparing surgery [9]. However,
reported recovery rates range widely, depending on
patient age, the potency of the surgery performed,
definitions of erectile recovery, surgical approach,
amount of nerve preservation, follow-up duration, and
other penile rehabilitation strategies, including
phosphodiesterase-5 inhibitors (PDE-5 inhibitors)
[10]. Further comparative study is thus needed to
establish the magnitude and timing of recovery of
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function related to the various nerve-sparing methods

[11].
Objective

To compare erectile function recovery following
radical prostatectomy using different nerve-sparing
techniques and identify factors associated with
successful recovery.

Methodology

This prospective comparative observational study was
conducted at AJK medical college muzaffarabad from
September 2024 to September 2025 and included 180
patients with localized prostate cancer who underwent
radical prostatectomy. Patients were divided into three
groups according to the surgical technique used:
bilateral nerve-sparing radical prostatectomy (n=60),
unilateral nerve-sparing radical prostatectomy (n=60),
and non-nerve-sparing radical prostatectomy (n=60).
Included were men age 45 to 75 years who had
clinically localized prostate cancer that would be
treated with radical prostatectomy. Patients who had a
documented preoperative evaluation of erectile
function by the International Index of Erectile
Function-5 (IIEF-5), had complete peri-operative
records, and were willing to follow up post-operatively
were eligible for enrolment. Patients with metastasis
prostate cancer, previous pelvic radiotherapy, previous
pelvic surgery likely to affect erectile function, severe
pre-existing erectile dysfunction (IIEF-5 score <7),
neurological disorders that affect sexual function,
penile prosthesis, severe uncontrolled diabetes
mellitus, major psychiatric illness, and patients with
incomplete follow-up were excluded.

Data Collection

Eligible patients were enrolled after approval from the
Institutional Ethical Review Committee and written
informed consent using a non-probability consecutive
sampling technique. Baseline parameters consisted of
age, BMI, smoking, Type 2 diabetes, hypertension,
cardiovascular diseases, serum PSA, Gleason score,
clinical tumor stage, prostate volume, baseline IIEF-5
score, and PDES inhibitors. The surgical approach was
chosen based upon tumor characteristics, preoperative
imaging, and baseline erectile function and
intraoperative assessment. Bilateral NS surgery
involved preservation of both neurovascular bundles,
unilateral NS surgery involved preservation of one,
and non-nerve-sparing surgery involved wider
resection done without intent to preserve the
neurovascular bundle. Duration of operation,
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estimated blood loss, surgical approach, positive
surgical margins, intraoperative complications, and
duration of postoperative catheterization were
documented. Preoperative and postoperative (3, 6 and
12 months) IIEF-5 questionnaires were used to assess
erectile function. Recovery of erectile function was
considered either an IIEF-5 score of >17 or an IIEF
score within 5 points of the preoperative score, either
with or without the use of phosphodiesterase-5
inhibitors.  Data  on  penile rehabilitation,
phosphodiesterase-5 inhibitor use, vacuum erection
devices, intracavernosal therapy, and compliance with
penile rehabilitation were also collected. The main
outcome was a recovery of erectile function at 12-
months  post-radical  prostatectomy. Secondary
outcomes were changes in mean IIEF-5 over time,
time to recovery of erectile function, percentage of
patients with functional erections at 3, 6, and 12
months, and the ability to identify clinical and surgical
predictors of recovery.

Statistical Analysis

Data were analyzed using SPSS version 26.0. The
quantitative data were reported as mean + SD, and
qualitative data were reported as frequencies and
percentages. Continuous variables were compared
among the three groups using one-way analysis of
variance (ANOVA), and categorical variables were
compared by Chi-square or Fisher's Exact test.
Changes in the IIEF-5 scores were compared over time
using repeated measures ANOVA. Time to erectile
function recovery was assessed using Kaplan-Meier
analysis and differences between groups evaluated
using the log-rank test. Multivariable logistic
regression analysis was used to determine independent
factors associated with achieving erectile function
recovery at 12 months. Odds ratios, with their
corresponding 95% confidence intervals, were
calculated and a p-value of <0.05 was considered
statistically significant.

Results

Baseline characteristics were broadly comparable
across the bilateral, unilateral, and non-nerve-sparing
groups. Mean age was 60.8 £ 5.7, 62.1 + 6.0, and 63.2
+ 6.3 years, respectively (p=0.091), while mean BMI
was 26.7 + 3.4, 27.1 = 3.6, and 27.4 + 3.8 kg/m?
(p=0.583). Current smoking was reported in 13
(21.7%), 15 (25.0%), and 16 (26.7%) patients;
diabetes in 12 (20.0%), 14 (23.3%), and 17 (28.3%);
and hypertension in 22 (36.7%), 25 (41.7%), and 27
(45.0%), respectively, with no significant differences.
Mean PSA levels were 8.4 +£3.1,89 £ 3.5, and 9.6 +
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3.9 ng/mL, prostate volumes were 43.6 = 11.8,45.1 +
12.4, and 46.8 + 13.1 mL, and baseline IIEF-5 scores
were 21.2 + 2.4, 208 £ 2.6, and 20.5 + 2.7,
respectively. Gleason score >7 was present in 31
(51.7%), 34 (56.7%), and 38 (63.3%) patients.

Table 1. Baseline demographic and clinical
characteristics  according to nerve-sparing
technique (n=180)

Characteri | Bilater | Unilater | Non- | p-

stic al al nerve | valu

nerve- | nerve- - e

sparin | sparing | spari

g (n=60) | ng

(n=60) (n=60

)

Age (years), | 60.8 + | 62.1 +|63.2+|0.09
Mean+SD | 5.7 6.0 6.3 1
BMI 26.7 £|27.1 +|274+]0.58
(kg/m?), 3.4 3.6 3.8 3
Mean + SD
Current 13 15 16 0.81
smoker, n | (21.7) | (25.0) 26.7) |1
(%)
Diabetes 12 14 17 0.56

mellitus, n | (20.0) | (233) | (283) |2
(%)

Hypertensio | 22 25 27 0.64
n, n (%) (36.7) 41.7) (45.0) | 8
PSA 84 +|89+35]|96 +|0.17
(ng/mL), 3.1 3.9 4
Mean + SD

Prostate 436 +|451 =+ |468 £ 0.37
volume 11.8 124 13.1 6
(mL), Mean

+ SD

Baseline 212 £]208 +|205+]0.32
IIEF-5 2.4 2.6 2.7 2
score, Mean

+ SD

Gleason 31 34 38 0.43

score >7, n | (51.7) | (56.7) (63.3) |2
(%)

Perioperative and oncological outcomes were similar
among the three surgical groups. Mean operative time
was 184.6 + 31.5 minutes with bilateral nerve-sparing,
179.8 + 30.7 minutes with unilateral nerve-sparing,
and 173.2 + 29.4 minutes with non-nerve-sparing
surgery (p=0.121). Mean blood loss was 282.5 + 96.4,
296.8 +101.7,and 315.6 + 109.3 mL (p=0.209), while
catheterization duration was 8.6 = 2.1, 8.9 + 2.3, and
9.2 + 2.5 days (p=0.373), respectively. Positive
surgical margins occurred in 8 (13.3%), 9 (15.0%), and
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10 (16.7%) patients (p=0.875). Intraoperative
complications occurred in 2 (3.3%), 3 (5.0%), and 4
(6.7%), while postoperative complications occurred in
6 (10.0%), 8 (13.3%), and 10 (16.7%), respectively.
PDES inhibitor rehabilitation was used by 51 (85.0%),
49 (81.7%), and 47 (78.3%) patients.

Table 2. Comparison of perioperative and
oncological outcomes

Variable Bilater | Unilater | Non- | p-
al al nerve | valu
nerve- | nerve- - e
sparin | sparing | spari
g (n=60) | ng
(n=60) (n=60
)
Operative 1846+ | 179.8 £ | 173.2 | 0.12
time 31.5 30.7 +294 | 1
(minutes),
Mean £+ SD
Estimated 282.5+ | 296.8 + | 315.6 | 0.20
blood loss | 96.4 101.7 + 9
(mL), Mean 109.3
+SD
Catheterizat | 8.6 +|89+23 |92 +|0.37
ion duration | 2.1 2.5 3
(days),
Mean £+ SD
Positive 8 9(15.0) | 10 0.87
surgical (13.3) (16.7) | 5
margin, n
(%)
Intraoperati | 2 (3.3) | 3(5.0) 4(6.7) | 0.69
ve 7
complicatio
n, n (%)
Postoperativ | 6 8(13.3) | 10 0.55
e (10.0) (16.7) | 8
complicatio
n, n (%)
PDES5S 51 49 47 0.63
inhibitor (85.0) | (81.7) (783) | 4
rehabilitatio
n, n (%)

Erectile function declined after surgery in all groups
but recovered progressively, with substantially better
recovery following nerve-sparing procedures. At three
months, mean IIEF-5 scores were 12.8 + 4.1 in the
bilateral group, 9.6 + 3.8 in the unilateral group, and
6.4 + 3.2 in the non-nerve-sparing group. At six
months, scores improved to 16.3 £3.9, 12.7 + 4.0, and
8.1 £3.5, respectively, and by 12 months reached 18.7
+3.4,152+3.8, and 10.3 £+ 3.9. Differences between
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the three techniques were significant at all
postoperative assessments (p<0.001), with repeated-
measures analysis confirming significant effects of
both follow-up time and nerve-sparing technique on
erectile recovery (p<0.001).

Table 3. Changes in erectile function following
radical prostatectomy

Follow | Bilater | Unilater | Non- p-
-up al al nerve- | nerve- | value
nerve- sparing sparin
sparing | (n=60), g
(n=60), | Mean =+ | (n=60)
Mean = | SD , Mean
SD +SD
Baselin | 21.2 4+ | 20.8+2.6 | 20.5 + | 0.322
e IIEF- | 2.4 2.7
5
3 128 +£]196+38 |64 =+ |<0.00
months | 4.1 3.2 1
6 163 =+ | 12.7+4.0 | 8.1 =+ | <0.00
months | 3.9 3.5 1
12 187 £+ | 152+3.8 | 10.3 + | <0.00
months | 3.4 3.9 1

Repeated-measures  analysis ~ demonstrated a
significant effect of follow-up time and nerve-sparing
technique on postoperative IIEF-5 recovery (p<0.001).

Erectile function recovery was consistently highest
after bilateral nerve-sparing surgery. At three months,
recovery was achieved in 12 (20.0%) bilateral, 6
(10.0%) unilateral, and 2 (3.3%) non-nerve-sparing
patients (p=0.015). By six months, recovery increased
t0 29 (48.3%), 18 (30.0%), and 7 (11.7%), respectively
(p<0.001), and at 12 months reached 45 (75.0%), 33
(55.0%), and 16 (26.7%) patients (p<0.001).
Functional erections with PDES inhibitors at 12
months were achieved in 49 (81.7%), 38 (63.3%), and
21 (35.0%) patients, respectively (p<0.001). Mean
time to erectile recovery was shortest after bilateral
nerve-sparing at 6.7 + 2.8 months, followed by
unilateral nerve-sparing at 8.1 + 2.6 months and non-
nerve-sparing surgery at 9.4 + 2.2 months (p<0.001).

Table 4. Erectile function recovery according to
nerve-sparing technique

Outcom | Bilater | Unilater | Non- p-

e al al nerve- | nerve- | value
nerve- | sparing | sparin
sparing | (n=60) g
(n=60) (n=60)

Page: 222



Assessment of Erectile Function Recovery Post-Radical Prostatectomy with Different Nerve-Sparing Techniques

Recover | 12 6(10.0) | 2(3.3) | 0.015
y at 31 (20.0)
months,
n (%)
Recover | 29 18 (30.0) | 7 <0.00
y at 6| (48.3) a7y |1
months,
n (%)
Recover | 45
y at 12 (75.0)
months,
n (%)
Function | 49 38(63.3) | 21 <0.00
al (81.7) (35.00 |1
erection
with
PDES
inhibitor
at 12
months,
n (%)
Mean 6.7 £ |81+2.6 |94 =+ |<0.00
time to | 2.8 2.2 1
recovery
(months)
, Mean +
SD

33(55.0) | 16 <0.00
26.7) |1

Multivariable analysis showed that bilateral nerve-
sparing was the strongest surgical predictor of erectile
recovery at 12 months, increasing the odds by 4.26
times (95% CI: 2.01-9.04; p<0.001), while unilateral
nerve-sparing increased the odds by 2.18 times (95%
CI: 1.07-4.45; p=0.032). Age below 60 years was
associated with 2.73-fold higher odds of recovery
(95% CI: 1.36-5.49; p=0.005), and a baseline IIEF-5
score >20 increased the odds by 3.15 times (95% CI:
1.52-6.52; p=0.002). Absence of diabetes increased
recovery odds by 2.21 times (95% CI: 1.064.61;
p=0.035), while PDES5 inhibitor rehabilitation
increased them by 2.58 times (95% CI: 1.19-5.59;
p=0.016). PSA below 10 ng/mL was not independently
associated with recovery (AOR=1.41, 95% CI: 0.72—
2.76; p=0.316).

Table 5. Multivariable logistic regression analysis
of predictors of erectile function recovery at 12
months

Predictor Adjusted Odds | p-value
Ratio (95% CI)
Bilateral nerve- | 4.26 (2.01-9.04) | <0.001
sparing technique
Unilateral nerve- | 2.18 (1.07-4.45) | 0.032

sparing technique
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Age <60 years 2.73 (1.36-5.49) | 0.005
Baseline IIEF-5 | 3.15 (1.52-6.52) | 0.002
>20
Absence of | 2.21 (1.064.61) | 0.035
diabetes mellitus
PDES5  inhibitor | 2.58 (1.19-5.59) | 0.016
rehabilitation

PSA <10 ng/mL

1.41 (0.72-2.76) | 0.316

Discussion

In the current study, 180 patients who underwent
bilateral nerve-sparing, unilateral nerve-sparing, or
non-nerve-sparing procedures for RP were compared
regarding recovery of erectile function. Broadly
similar baseline characteristics, such as age, BMI,
diabetes mellitus, hypertension, PSA level, prostate
volume, baseline IIEF-5 score and Gleason score were
observed across the three groups. This relative
similarity supports the notion that postsurgical
differences of erectile function were primarily related
to the amount of neurovascular bundle preservation.
Similarly in the past, baseline age, erectile function,
comorbidities, and tumor characteristics have been
underscored as factors that should be taken into
account when comparing functional outcomes after
different nerve-sparing approaches [12]. There was
also no significant difference between the three
techniques in terms of peri-operative or oncological
outcomes. There were no significant differences
between groups with respect to operative time, amount
of blood loss, catheterization time, positive surgical
margins, or surgical complication rate. In bilateral,
unilateral and non-nerve-sparing procedures, 13.3%,
15.0% and 16.7% had positive surgical margins
respectively. The results indicate that there was no
compromise of short term oncological safety with
increased nerve preservation in adequately selected
patients. A previous study also found that, when using
tumor stage, imaging, and intraoperative evaluation to
select patients for nerve-sparing radical prostatectomy,
positive surgical margins do not seem to be
significantly increased, while maintaining a high rate
of preservation of erectile function [13][14]. All
groups experienced significantly reduced erectile
function immediately after surgery which gradually
improved over 12 months. Mean IIEF-5 scores at three
months were 12.8 + 4.1 after bilateral nerve-sparing;
9.6 + 3.8 after unilateral nerve-sparing and 6.4 + 3.2
after non-nerve-sparing surgery. By 12 months, these
scores had improved to 18.7+3.4, 15.2+ 3.8, and 10.3
+ 3.9, respectively. Similar recovery curves have been
reported in the past, with erectile function being the
worst in the first months after surgery and improving
over time as the neuropraxia of the cavernous nerves
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resolves and the neural function restores [15][16].
Preservation of nerves was a major factor in the
recovery of erection. Functional recovery of erectile
function was observed in 75.0% of patients who had a
bilateral nerve-sparing procedure, 55.0% of those with
a unilateral nerve-sparing procedure and 26.7% of
those who had no nerve-sparing procedure. The results
were similar for functional erections in the presence of
PDES inhibitors with 81.7% in the bilateral group,
63.3% in the unilateral group, and 35.0% in the non-
functioning group. Similarly, previous studies
reported better potency recovery following bilateral
nerve preservation, unilateral nerve preservation
resulted in intermediate recovery, and non-nerve-
sparing surgery had the highest risk of postoperative
erectile dysfunction [17].

Also, the MTER was significantly shorter following
bilateral NSS (6.7 £ 2.8 months) than following
unilateral NSS (8.1 £ 2.6 months) and non-nerve-
sparing surgery (9.4 £ 2.2 months). This discovery is
another affirmation of the biological significance of
conserving the cavernous nerves. Previous work has
also shown that recovery is faster if both neurovascular
bundles are preserved, with unilateral preservation or
absence of nerve recovery, leading to a slower or
absent functional recovery [18]. After multivariate
analysis, bilateral nerve-sparing was the most
significant surgical predictor of erectile recovery, with
a 4.26 fold increase in odds for recovery. Unilateral
nerve-sparing also continued to be beneficial with an
odds ratio of 2.18 for recovery. From these results it
can be concluded that there is a dose response
relationship between the degree of nerve preservation
and the erectile function after surgery. Previous studies
have also concluded that bilateral preservation offers
the best functional benefit, albeit unilateral
preservation is still beneficial if oncological factors
would make it impossible to preserve both
neurovascular bundles [19]. Other factors of the
patient also affected recovery. Young age <60 years
had a 2.73-fold increase in the likelihood of erectile
recovery, whereas an IIEF-5 score >20 had a 3.15-fold
increase in the likelihood of erectile recovery. The
absence of diabetes was found to be associated with an
increased likelihood of getting better by 2.21-fold.
Absence of major vascular comorbidities, preserved
preoperative potency and younger age have all been
demonstrated as good predictors of postoperative
erectile function in previous studies, which indicate
that these factors correlate with better neurovascular
and endothelial reserve [20]. Penile rehabilitation
emerged as a clinically significant finding. The use of
PDES5 inhibitors boosted the likelihood of the penis
regaining erectile function by 2.58 times. This could
be because of enhanced cavernous nerve perfusion,
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maintenance of smooth muscle function and less
fibrosis during the time of temporary cavernous nerve
dysfunction. Previous studies have also indicated that
early PDES inhibitor rehabilitation could enhance
erectile responsiveness and aid in restoring function,
but the best timing, dose, and duration of the
intervention are still being investigated [21]. The
limitations of the study include an observational
design with a single center, which may limit the
generalizability of the results and selection bias in the
selection of the nerve-sparing technique. The study's
fairly limited sample size and the 12-month follow-up
time may not account for delayed recovery of erectile
function that can last longer than a year after radical
prostatectomy. Furthermore, using the self-reported
IIEF-5 questionnaire as the primary evaluation tool for
erectile function, and not completely controlling the
variations in adherence to penile rehabilitation. Other
factors such as surgeon experience, a detailed grade on
the preservation of the neurovascular bundle, partner-
related factors and psychological factors affecting
postoperative sexual function were not assessed.

Conclusion

It is concluded that nerve-sparing technique
significantly influences erectile function recovery
following radical prostatectomy. Bilateral nerve-
sparing surgery was associated with the highest and
fastest recovery, followed by unilateral nerve-sparing,
while non-nerve-sparing surgery showed the poorest
functional outcomes. Younger age, better baseline
erectile function, absence of diabetes, and PDES
inhibitor-based penile rehabilitation were also
independently associated with improved recovery.
Whenever oncologically appropriate, preservation of
the neurovascular bundles, particularly bilateral
preservation, should therefore be prioritized to
optimize postoperative erectile function without
compromising cancer control.
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