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Abstract: Urinary incontinence after Radical prostatectomy (RALRP) has been associated with older
age, longer operative time, higher BMI, short membranous urethral length and preoperative erectile
function. We sought to assess the association between the neuromuscularcharacteristics and
postoperative urinary incontinence.Methods: RALRP specimens from 29 men who underwent
bilateral nerve sparing were reanalyzed. Urinary incontinence was evaluated using the
International Consultation on Questionnaire-Short Form (ICIQ-SF)at 6 weeks post surgeryand last
follow-up. Linear and logistic regression analyses were performed to assess neuromuscular
characteristics andincontinence.Results:At a median follow-up of 11 months (IQR 9-12), 11 patients
(38%) reported on severe incontinence (>12 ICIQ-SF score). Median number of peripheral nerves
observed at the base and apex of the specimens were 52 (IQR 13-139) and 59 (IQR: 28-129),
respectively. Ganglia were present in 19 patients (65%) at the base and 12 patients (41%) at the apex.
Additionally, the median proportional area of detrusor smooth muscle fibers at the base was 0.54
(IQR 0.31-1), while the median proportional area of striated muscle fibers at the apex was 0.13 (IQR
0.08-0.24).No statistical significant associations were found.Conclusion:Histologic neuromuscular
characteristics were not associated with postoperative urinary incontinence. Enhanced
intraoperative evaluation and larger scale studiesmay prove useful for prediction of
postprostatectomy incontinence.

Keywords: incontinence; radical prostatectomy; neuromuscular features

Introduction

Robotic-assisted radical prostatectomy (RALRP) is considered a major treatment alternative for
intermediate and high-risk prostate cancer. Accumulating experience over the past 2 decades has led
to improved postoperative outcomes in terms of recovery of urinary continence and erectile
dysfunction (ED) [1,2]. However, postoperative urinary incontinence (UI) which has a profound
impact on patients' quality of life and social well-being remains a significant burden [1,3].

Despite substantial progress in surgical technique, the prevalence of postoperative incontinence
remains high, estimated to range from 2% to 66% [4,5]. Numerous studies have established potential
predictors of postoperative Ul namely increased patient age, longer operative time, higher body mass
index (BMI), shorter membranous urethral length, and preoperative erectile dysfunction [6-8]. While
some suggested that adequate preservation of the neurovascular bundles may expedite the recovery
of postoperative urinary continence [9-12], the relationship between the two remains elusive.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The objective of this study was to quantify the amount of retained neurovascular tissue on
radical prostatectomy specimens as a surrogate for the quality of neurovascular bundles preservation
and assess its association with recovery of postoperative UL

Materials and Methods

After institutional review board approval, our departmental database was queried to retrieve
the medical records of 50 consecutive male patients who underwent bilateral nerve sparing RALRP
between October 2021 and March 2022.Based on their clinical evaluation and disease features,
bilateral intrafascial dissection technique was employedin all patients [13]. Clinical and pathological
data were collected and reviewed, including age and comorbidities, performance status, Prostate-
Specific Antigen [PSA] levels and imaging (MRI and PET-PSMA) findings. Pathological analysis
included tumor stage and grade (TMN), margin status and tumor size.

Urinary functional outcomes were assessed at 2 consecutivepoints in time during follow-up:
immediately (6 weeks) after surgery and at last follow-up. The former included the number of pads
used per day and IPSS score, whereas the latter involved a formal interview where patients were asked
to complete the International Consultation on Incontinence Questionnaire-Short Form (ICIQ-SF) [14].

The ICIQ-SF is comprised of 3 questions, and the total ICIQ score ranges from 0 to 21. A score of
zero indicates no urine leakage and no impact on quality of life. Question 1 (Q1) assesses the
frequency of urinary leakage, question 2 (Q2) evaluates the amount of leakage, and question 3 (Q3)
measures the extent to which UI affects daily life. The scoring categories for incontinence are further
stratified into slight (1-5), moderate (6-12), severe (13-18), and very severe (19-21). Of the 50 patients,
29 responded and provided consent to be included in the study.

A dedicated genitourinary pathologist reanalyzed all RP specimens,evaluating the
neuromuscular characteristics at the base and apex of the specimen. Six explicit neuromuscular
features were investigated, including (1) the presence of ganglions at the base of the prostate, (2) the
presence of ganglions at the apex of the prostate, (3) the proportional area of detrusor muscle fibers
at the base, (4) the proportional area of sphincteric striated muscle fibers at the apex, (5) the number
of nerves at the base, and the (6) number of nerves at the apex. (Figure 1). A score was generated for
each specimen based on these findings and its relationship with the severity of incontinence was

analyzed.
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Figure 1. Representative images of pathologic specimens: A. Ganglions spread. B. Peripheral nerves,
C. Skeletal muscles, D. Tumor involvement within skeletal muscle.
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Descriptive statistics were used to summarize the patients’ characteristics. Continuous variables
were reported as median and inter-quartile range (IQR), and categorical variables were reported as
proportion(%). Linear and logistic regression analyses were conducted to assess the relationship
between the specimen neuromuscular characteristics and the severity of UL controlling for clinical
and pathological variables including age, prostate size, and pathological stage.

All statistical analyses were two-sided, and significance was defined as p < 0.05. The SPSS
software (IBM SPSS Statistics, Version 25, IBM Corp., Armonk, NY, USA) was used.

Results

Of the 50 patients who underwent RALRP in our medical facilitybetween October 2021 and
March 2022, 29 responded and provided consent to be included in the study.

At6 weeks post-surgery, 7 patients (24%) reported onfull urinary continence (day and night
continence and no protectivepads used).

At a median follow-up of 11 months (IQR 9,12) patients were interviewed and stratified into 3
groups based on their ICIQ scores. Nine patients (31%) were categorized as slight UI (ICIQ-SF
score<6),9 patients (31%) were categorized as moderate Ul (ICIQ-SF scores 6-12), and 11 patients
(38%) were categorized as severe and very severe Ul (ICIQ-SF score>12). There was nostatistically
significant association between the early continence rate and the severity of Ulat last follow-up
(p=0.182). Of the 12 patients with adequate preoperative potency, recovery of erectile function 1 year
after surgery was documented in 3 based on their IIEF score (Tablel).

Table 1. Patients' post-op continence and erectile preservation based on ICIQ score.

ICIQ category (11 Number of patients Early full continence - | Erectile preservation
months post surgery (percentage) number of patients (6 (number of patient with
(IQR 9,12) weeks post surgery) pre-op erectile function)
(percentage from the
group)
Slight (1-5) 9 (31%) 4 (44%) 2(4)
Moderate (6-12) 9 (31%) 2 (22%) 1(4)
Severe and very severe | 11 (38%) 1(9%) 0(4)

(13-21)

Based on the median and average ICIQ scores, the patients were restratified into two groups: 1
—ICIQ scores 1-12 - slight to moderate UI, 2 — ICIQ scores 13-21 - severe to very severe UL While there
was no difference in patients' age between the groups, a statistically significant correlation was found
between severity of incontinence and the risk of disease progression. Compared to patients with
lower ICIQ scores, those with higher ICIQ scores had significantly higher preoperative PSA levels
(Table 2). However, number of patients with preoperative lower urinary tract symptoms (LUTS)(
IPSS>7), prostate size, early continence rates and pathological stage did not demonstrated significant
difference between the groups (Table 2).

We did not find any correlation between the degree of early (6-weeks postoperative) or late (1-
year) urinary incontinence and any of the tested specimen neuromuscularhistologic features. (Table
3 and Figure 1).
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Table 2. Comparison between 11 months (9-12) post op continence score.

ICIQ<=12 (n=18) ICIQ > 12 (n=11) P value
Average ICIQ(IQR) 6.5(2.25-10.75) 16.4(14.5-18)
Age (IQR) 67.3(63.9-73.3) 69.4(67-72.7) 0.44
Pre op PSA(ng/ml) (IQR) 9.1(6.6-9.9) 16(9-22.2) 0.02
Number of patients 8 (45%) 5 (45%) 0.96
withpre op LUTS (IPSS>7)
ISUP score 0.302
1 1(5.5%) 0 (0%)
2 8 (44.4%) 3 (27.2%)
3 5 (27.7%) 4 (36.3%)
4 2 (11.1%) 2 (18.1%)
5 2 (11.1%) 0 (0%)
*ISUPx — after hormonal
treatment — 2 (18.1%)
Prostate size (gram) 68(55-73) 63.2(49.5-65.3) 0.6
pT stage (2009) 0.136
T2 8 (44.4%) 1 (9%)
T3a 9 (50%) 9 (82%)
T3b 1 (5.5%) 1 (9%)
Full 6W continence day 8 (45%) 3 (27%) 0.37
Full 6W continence night 8 (45%) 2 (18%) 0.14
Table 3. Neuromuscular characteristics of pathologic specimens stratified by incontinence severity.
Overall ICIQ score <12 ICIQ score >12 P value
(n=29) (n=18) (n=11)
Presence of
ganglion in the 19 (65%) 11 (61%) 8 (72%) 0.22
base, n (%)
Presence of
ganglion in the 12 (41%) 8 (44%) 4 (36%) 0.11
apex, n (%)
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Proportional area
of detrusor muscle

0.54 (0.31-1.00) 0.45 (0.29-0.92) 0.60 (0.40-1.00) 0.57
in the base, median

(IQR)

Proportional area
of striated muscle
0.13 (0.07-0.24) 0.13 (0.06-0.24) 0.13 (0.08-0.24) 1.00
at the apex, median

(IQR)

# of nerves at the

52 (13-139) 69 (11-152) 36 (14-108) 0.65
base, median (IQR)

# of nerves at the
59 (28-129) 61 (28-142) 51 (33-116) 0.46
apex, median (IQR)

Discussion

Rapid return of urinary control is a critical step in achieving overall satisfaction after radical
prostatectomy [1,9]. Ul is considered one of the most distressing side effects following surgery and
strategies to improve continence outcomes have been a focus of research in this field [10]. While the
importance of neurovascular preservation to improve early postoperative urinary continence has
been demonstrated repeatedly [15], most studies have evaluated the adequacy of nerve sparing based
on subjective surgeon reported notes. Within this context we endeavored to study the relationship
between the amount of neurovascular tissue found on the pathological specimen in men undergoing
bilateral nerve preservation as a surrogate of inadequate nerve sparing and possibly postoperative
urinary incontinence. The addition of useful information to a standard pathology report might
potentially allow a more aggressive approach treating postprostatectomy incontinence.

Our findings demonstrate that post-operative incontinence was more common among higher
risk tumors, however, no associations were found between the pathological neuromuscular
characteristics of the specimens and postoperative UL

Traditionally, intraoperative damage to the external urethral sphincter or its innervation was
considered the main root of incontinence after radical prostatectomy [16]. However, the true
mechanism has not been completely understood, and currently, it is thought to be multifactorial.
Factors potentially affecting post-surgery incontinence include patient’s age and comorbidities,
obesity, preoperative lower urinary tract dysfunction, prostate size, membranous urethra length,
bladder neck preservation and preservation of the membranous urethra supporting structures [17].

A urodynamic study before and after RP reported that the maximum urethral closure pressure
at rest immediately after RP was reduced to roughly 40% of its preoperative level [18-21]. At 1 year
postoperatively, the maximal urethral closure pressure had improved, but not to its preoperative
point. [19-21].

The presence of neuromuscular tissue on the outer surface of the prostate specimen might not
just be an anatomical observation. It holds potential significance in predicting functional outcomes,
including recovery of urinary continence [22]. While a preserved denser nerve network might
theoretically offer better functional outcomes, its presence on the excised specimen suggests it was
not adequately secured during surgery, which might be deleterious [23]. Moreover, the observed
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association between cancer stage and incontinence might reflect the tendency to sacrifice, at least in
part, the neurovascular tissue surrounding the gland in locally advanced tumors [24]. Kaye et al. have
shown that sparing at least 1 neurovascular bundle along with its supportive tissues has a dramatic
effect on recovery of urinary continence and quality of life in preoperatively potent men [25]. The
cavernous nerve (CN) is the main autonomic nerve regulating penile erection but is also involved in
the voiding reflex by innervating the urethral transverse muscle on the anterior aspect of the prostate
through designated branches [26].

Meticulous nerve preservation during radical prostatectomy has been linked with enhanced
postoperative erectile function outcomes [27]. However the relationship between nerve sparing, and
urinary incontinence is less clear, pointing towards possible overlapping anatomical or physiological
pathways [28]. Due to its small size and small number of men with documented erectile function
recovery, our study could not corroborate the previously observed association between the two.
Nonetheless, in the absence of any association between retained specimen neuromuscular
components and urinary function outcomes, our findings might suggest that a non-nerve sparing
operation in locally advanced tumors (extrafascial dissection) might not be inevitably deleterious for
rapid recovery of urinary continence.

Two limitations need to be emphasized. The high prevalence of preoperative erectile
dysfunction in our study impedes our ability to study the association between nerve-sparing,
postoperative ED and UI. Additionally, the modest cohort size might have limited our ability to
provide definitive proof of an association between neuromuscular specimen characteristics and
urinary incontinence [29]. There is clear need for more extensive research to better comprehend these
interconnections and improve surgical practices and patient outcomes [30].

Conclusions

Histologic neuromuscular characteristics in radical prostatectomy specimens were not
associated with postoperative continence outcomes. Further studies that incorporate additional
assessments such as myelin staining mightprovide different insights regarding the integrity of the
neurovascular bundles and of its association with incontinence outcomes.
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