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post-radical prostatectomy: a surgery with high rewards but high risks?
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ABSTRACT

Objectives: To evaluate the efficacy of artificial urinary sphincter (AUS) implantation in men with stress
urinary incontinence post-radical prostatectomy and the complication burden with a focus on identifying
potential risk factors for reoperation as well as determining the fate of revision surgeries.

Methods: Retrospective analysis of consecutive patients undergoing primary AUS (pAUS) and revision
AUS (rAUS) implantation at a tertiary centre. Logistic regression was employed to identify risk factors
for reoperation associated with non-mechanical failures. Kaplan Meier method was applied to generate
implant patency curves.

Results: Over 11-years, 108 and 28 patients underwent pAUS and rAUS, respectively. Amongst the former
group, a 30-day complication rate of 20.4% was found with a complete (zero pad) dryness rate at follow-up
of 49.1%. Post-operative infection was the commonest occurring complication in 7.4%. After pAUS, 27.8%
underwent reoperation with cuff erosion being the top indication in 46.7%. Diabetes was a significant pre-
dictor for reoperation with an associated 3.6-fold increased risk. The 3-year and 5-year device survival rates
without reoperation for pAUS were 80% and 76%, respectively. For rAUS, complete dryness rates achieved
were lower at 32.1%. The rate of reoperation was higher at 42.9% with a significantly worse survival prob-
ability compared to pAUS (p = 0.024).

Conclusions: Whilst men may achieve complete dryness after pAUS, the potential complication burden
and risk of reoperation are not low, and patients need to be counselled regarding this. Chances of con-
tinence success are lower when revision surgery is performed with a worse implant survival probability.
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Introduction

Stress urinary incontinence (SUI) is one of the core long-term
complications associated with radical prostatectomy (RP), and
the burden that it renders upon many facets of patients’ lives
can be severely debilitating [1-3]. To this end, approximately
3-5% will ultimately undergo incontinence surgery [4, 5]. Whilst
alternatives such as slings are available, the artificial urinary
sphincter (AUS) has long served as the mainstay intervention [6].
A meta-analysis of 33 studies found that 60% of patients receiv-
ing AUS achieved complete symptom relief [7]. Patient satisfac-
tion rates are also high. Linder et al reported that 96% of patients
who had undergone AUS would recommend the treatment to a
family member [8]. However, despite these merits, the European
Association of Urology (EAU) guidelines recommend that clini-
cians warn potential patients that the risks for both complica-
tions and explanation are high [9]. Similarly, the American
Urological Association (AUA) guidelines highlight that clinicians
should counsel patients that reoperations are common [4]. In a
series of 1,082 men undergoing AUS implantation, 31.2%

required repeat surgery [10]. It can therefore be argued that
despite AUS being established in clinical practice for several
decades, there is still a need for more research to better under-
stand, which patients are most at risk of such adverse events in
order to optimise patient selection. AUS is also a costly proce-
dure, and therefore further research that can potentially reduce
readmissions is also welcomed.

The aim of this study was to evaluate the efficacy of AUS
implantation and the complication burden with a focus on
identifying potential risk factors for reoperation as well as
determining the fate of revision surgeries.

Materials and methods

Retrospective chart review was performed of all patients under-
going AUS implantation between June 2012 and December
2023 at Haukeland University Hospital, a tertiary centre in
Western Norway. Only male patients with SUI post-RP were
included. Patients with SUI post benign prostate surgery such as
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transurethral resection of the prostate (TURP) (n = 7) were
excluded as they were males with neurogenic SUI (n = 4). To be
considered for surgery, men were required to have had persis-
tent SUI for at least 12 months since RP. These men had all been
considered in a dedicated post-prostatectomy incontinence
pathway where the following investigations were routinely per-
formed: 24-h pad count and weight, frequency volume charts,
uroflowmetry, cystoscopy and urodynamic evaluation [11]. In
the context of this study, normal urodynamic studies refer to a
patient not having any evidence of terminal overactivity and/or
reduced compliance. Severity of SUl was graded as follows: mild
(1-2 pads/day), moderate (3-5 pads/day) and severe (>5 pads/
day). Social continence was defined as use of zero or one pad
daily. All patients received AMS 800™ (American Medical Systems,
Minnetonka, MN, USA) using a surgical technique that was stand-
ardised and has been described previously [12]. The pressure
interval of the pressure-regulated ballon was 61-70 cm H,O in all
cases. Of note, a perineal approach was employed in all cases.
The operation was carried out under general anaesthesia with
prophylactic antibiotics. All patients underwent a clinical assess-
ment at 6 weeks post-operatively, where device activation was
also performed. Further assessment was carried out at 3 months
post-operatively. All patients attended these scheduled fol-
low-up appointments, and there was no loss to follow-up in this
regard. Follow-up beyond this was at the discretion of the treat-
ing clinician. Reasons included patient wishes, persistent leak-
age and any complications. Follow-up data concerning any late
events associated with the AUS as well as mortality status at the
end of the study period were available in all patients.

Data collected included (but was not limited to) age, diabetes
mellitus (DM) status and previous radiotherapy (RT). Complete
dryness was defined as zero pad usage. AUS implantations were
categorised as either primary AUS (pAUS) or revision AUS (rAUS).
For all patients in this study undergoing rAUS, this referred to
their second AUS surgery, that is, their first revision. In 2012, AUS
surgery became regionalised, and therefore, all patients in this
study belonged to the Western Norway catchment area. Patients
in the rAUS group included patients who had undergone pAUS
at either our centre since 2012 or at another centre before the
service was regionalised. As a clinical audit, local regulations did
not require ethical approval. Patients were not contacted as part
of this study. Complications within 30 days were graded
according to the Clavien-Dindo system. Logistic regression was
employed to identify risk factors for reoperation associated with
non-mechanical failures. Kaplan Meier method was applied to
generate implant patency curves. The Fischer’s exact test was
used to compare continence outcomes according to the RT
status. All analyses were performed using R version v4.1.1 [13].
Statistical significance was determined at p < 0.05.

Results

Patient characteristics

Over the 11-year study period, 136 patients underwent AUS
implantation (primary: 108, revision: 28). Six different primary

surgeons performed the implantations. In the pAUS group, the
median age at time of RP and subsequent implantation were
64 years (interquartile range [IQR]: 62-68) and 69 years (IQR: 64-72),
respectively. Median follow-up time was 80 months (IQR: 48-99
months) in the pAUS group, and 65 months (35-76) in the rAUS
group. A history of RT was recorded in 37 patients (34.3%). Nine of
the patients (8.3%) had undergone previous sling surgery. Median
age at the time of the original prostate surgery and subsequent
implantation was 64 years (IQR: 62-68) and 69 years (IQR: 64-72),
respectively. The majority of patients (85.2%, n = 92) in the pAUS
group had normal urodynamic studies. Most patients had either
moderate (44.4%) or severe (41.7%) SUI (Table 1).

Operative data

The median operative time for pAUS was 59 min (IQR: 52-69).
The most commonly used AUS cuff size was 4.5 cm (58.3%), fol-
lowed by 4.0 cm (30.6%) (Supplementary Table 1). Only one in
10 patients stayed beyond one night in hospital after the
operation.

Follow-up, complications and reoperation
In the pAUS group, 49.1% reported complete dryness, whilst

85.2% were socially continent. The early (within 30 days)

Table 1. Clinical and demographic information on patients undergoing
primary and revision artificial urinary sfincter surgery.

Cohort demographics Primary AUS Revision
placement, surgery,n=28
n=108

Age at radical prostatectomy, years 64 (62-68) 63 (58-67)
median (IQR)

Age at AUS surgery, years median (IQR) 69 (64-72) 74 (64-77)
Time since prostatectomy, years median (IQR) 2.7 (2-5) 8.4 (6-13)
Follow-up, months, median (IQR) 80 (48-99) 65 (35-76)

Body mass index (kg/ m?), median (IQR) 27.5(25.7-30.5) 27 (24.6-28.4)

Comorbidities, n (%)

Diabetes mellitus 16 (14.8) 8(28.6)
Hypertension 53 (49) 12 (42.9)
History of myocardial infarction 6(5.6) 3(10.7)
Current or prior smoker 56 (51.9) 15 (53.6)
Aetiology for incontinence, n (%)

Robot-assisted laparoscopic radical 94 (87) 21 (75)
prostatectomy

Radical retropubic prostatectomy 12(11.1) 7 (25)
Salvage prostatectomy 2(1.9) 0(0)
Prior pelvic radiation, n (%) 37 (34.3) 8(28.6)
Prior anti-incontinence procedures, n (%)

Male sling operation 9(8.3)

24-h pad count baseline, pads median (IQR) 5 (4-6) 5(3-7)
24-h weight baseline, grams median (IQR) 621 (344-948) 173 (45-404)
Incontinence severity group baseline, n (%)

Missing pad-count 6(5.6) 11(39.3)
Mild (1-2 pads/day) 9(8.3) 2(7.1)
Moderate (3-5 pads/day) 48 (44.4) 7 (25)
Severe (>6 pads/day) 45 (41.7) 8(28.6)

AUS: artificial urinary sphincter; IQR: interquartile range.
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Table 2. Early complications (within 30 days) following primary artificial
urinary sphincter implantation according to the modified Clavien-Dindo
scale and management.

n (%) Management
Early complications 22(20.4)
Grade |
Scrotal hematoma (4.6) Conservative treatment
Pain 1(0.9) Conservative treatment
Grade ll
Infection* 8(7.4)  Peroral antibiotics
Grade lll
Acute urinary 6(5.6)  Suprapubic cystotomy catheter
retention placement
Scrotal hematoma 1(0.9)  Scrotal hematoma removal
Grade lllb
Infection 1(0.9)  AUSremoval
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Table 3. Aetiology of reoperation following primary artificial urinary
sphincter implantation.

Aetiology n(%) Management
Primary reoperation, total 30
Mechanical failure, total 5(16.7)
Leakage at cuff 3(10)  All component change
Leakage not identified 2(6.7)  All component change
Non-mechanical failure,  25(83.3)
total
AUS erosion 14 (46.7) AUS removal
Subcuff urethral atrophy 6(20)  Cuff downsizing (n = 3) + Tandem
cuff replacement (n=3)
Infection 2(6.7)  AUS removal
Pump malposition 1(3.3) Pump repositioning
Wound in perineum 1(3.3) Excision of wound, resuture
Urethral injury 1(3.3) AUSremoval

*Grade Il Infection: registered 1 pneumonia, 4 superficial wounds infections,
2 UTland 1 epididymitis.

UTI: urinary tract infection; AUS: artificial urinary sphincter.

complication rate was 20.4%. Post-operative infection (CDII) was
the most commonly occurring complication in 7.4% (Table 2).
No mortalities were recorded.

The overall rate of reoperation in the pAUS group was 27.8%,
and most were due to non-mechanical failures (83.3%). The top
indication was cuff erosion in 46.7%. Device explanation was
required in 20.4% (Table 3). When considering early complications
and reoperations, 47.2% experienced some kind of adverse advent.

Based on multivariable analysis (Table 4), DM was a significant
predictor for reoperation with an associated 3.6-fold increased
risk. However, none of the following was identified as significant
predictors of reoperation: age, body mass index, history of RT,
smoking and SUI grade. In addition, RT had no significant impact
on continence outcomes (Supplementary table 2). The 3-year
and 5-year device survival rates without reoperation for pAUS
were 80% and 76%, respectively (Figure 1). Stratified by DM
status, implant survival probability was significantly worse in
those affected (p = 0.0033) (Supplementary figure 1).

Table 4. Logistic regression analysis of predictors of reoperation.

AUS: artificial urinary sphincter.

At 3 years post-surgery, 72 patients were still at risk of losing
the implant or at risk of death in the pAUS group, whilst at
5 years post-surgery, there were 48 patients (Figure 1). In the
rAUS group, out of 28 who underwent surgery, there were 13
patients at 3 years post-surgery and 8 at 5 years post-surgery,
who were still alive and still had their implant in situ. By the end
of the period, 15 patients in total had died of medical causes
unrelated to their incontinence surgery.

Outcomes of revision AUS

Complete dryness rates achieved were lower compared to pAUS
at 32.1%, and overall, 46.4% achieved social continence. These
results were not significantly inferior to the pAUS group. The
early complication rate was 17.9%, and the rate of reoperation
was higher at 42.9%. The 3-year and 5-year device survival rates
without reoperation for rAUS were 62% and 57%, respectively
(Figure 1). Survival probability was significantly worse in the
rAUS group (p = 0.024).

Characteristic Univariable Multivariable
N OR 95% Cl OR 95% Cl

Age 108 0.98 0.90, 1.06 0.97 0.89, 1.05
BMI 108 0.93 0.81,1.06 0.90 0.77,1.04
DM 108

No 1.00 REF 1.00 REF

Yes 343 1.09,10.6 3.63 1.09,12.1
Smoking 108

Yes 1.00 REF 1.00 REF

No 0.89 0.35,2.21 0.89 0.33,2.35
Radiation 108

No 1.00 REF 1.00 REF

Yes 0.95 0.35,2.43 1.19 0.40,3.39
Incontinence grade 106

Mild-Moderate 1.00 REF 1.00 REF

Severe 0.57 0.22,1.54 0.64 0.23,1.82

OR: odds ratio; Cl: confidence interval; BMI: body mass index; DM: diabetes mellitus.
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Figure 1. Kaplan-Meier survival analysis of implant stratified by primary
versus revision surgery.

Discussion
Key findings

In this study, nearly one in two men achieved complete dry-
ness when undergoing pAUS for SUI post-RP. However, nearly
the same proportion suffered some kind of adverse event at
some point after their surgery. Furthermore, revision surgery
delivers lower odds of achieving dry status whilst carrying a
higher risk of reoperation and a significantly worse probability
of device survival. Patients therefore need to be counselled
carefully regarding the chances of treatment success and the
risk of complications in both primary and revision AUS set-
tings but especially the latter. Patients’ expectations need to
be managed accordingly.

Shaw et al performed a qualitative study of men who had
undergone incontinence surgery [14]. One of the main themes
identified was how men regretted how they had delayed
seeking treatment and would have undergone the surgery
earlier. The authors also found that patients often placed more
emphasis on outcomes such as sexual function as being
important rather than dryness [14]. Hampson et al studied the
perspectives of a cohort of men who had attended a male SUI
clinic [15]. Men who had elected not to have incontinence
surgery recorded significantly higher levels of regret compared
to those who had elected to undergo AUS (34.7% vs. 8.2%, p <
0.001). Treatment satisfaction does therefore appear to be high.
From another perspective, it may also highlight that SUI post-RP
impedes quality of life so much, and that regardless of potential
complications, patients still deem the surgery to be worth it,
in order to improve continence status. Of note, in another
study, Dunbar et al found that amongst men who have
experienced revision/explant, they do report significantly
higher levels of decisional regret regarding having had
incontinence surgery [16].

There is discordance in the literature regarding the impact of
RT on both complication burdens and degree of continence

improvement associated with AUS implantation as well as sling
surgeries [17, 18]. Numerous studies have shown that RT does
influence these outcomes, and this does seem logical, given the
associated pernicious sequelae in terms of tissue vascularity and
fibrosis [19]. DM can have similar detrimental effects on small
vessel function, and Viers et al reported it to yield a 2.3-fold
increased risk of erosion or infection in their 90-patient series
[20]. Our study mirrored those findings and found an even
higher risk when considering non-mechanical failures.

Ventimiglia et al reported that whilst the number of RPs
being performed in Sweden between 2000 and 2014 had
increased threefold, the number of incontinence surgeries
performed had increased eightfold [5]. The demand for
incontinence surgeries appears therefore to be increasing. As
countries like Norway experience agrowing elderly demographic
as well as a general increased awareness of the importance of
continence in terms of quality of life, this demand will likely
increase further. Understanding complication burdens that can
help guide patients to select a surgical option that is best suited
for their individual needs is crucial.

Since AUS was introduced to clinical practice several
decades ago, there have been relatively few modifications to
the device itself. In terms of future prospects, an electronically
activated AUS has been studied at an experimental level [21],
and adjustable AUS devices have also been described in pilot
clinical setting [22]. Surgical technique for AUS has been
studied over time. Most recently, in a multicentre French study,
no difference in complications was found when a penoscrotal
approach was compared with perineal [23]. Sacco et al also
recently reported their experiences with a novel albugineal
technique [24].

Limitations in this study include the retrospective design,
single centre status and lack of subjective outcome measures to
determine, for example, patient satisfaction. Another limitation
to acknowledge is that patients who underwent surgery later in
the study period had a shorter follow-up, and therefore,
potential late complications would not be captured. However,
the study is strengthened by not pooling patients with different
aetiologies of SUI. Furthermore, patients undergoing primary
and revision AUS implantation have been differentiated and not
pooled as is also found in numerous studies. It is also, to our
knowledge, the first study of its kind evaluating outcomes of
pAUS and rAUS from Norway.

Conclusion

In men with SUI post-RP, AUS implantation can deliver high
chance of achieving either zero pad usage or one pad only.
However, this is matched by the potential for early complica-
tions and/or reoperation. The latter is even higher when under-
going revision surgery. The probability of an implant surviving is
worse when repeat surgery is performed. DM was identified as a
significant risk factor for reoperation. Careful case selection as
well as clear patient communication is therefore key when con-
sidering potential incontinence surgery.
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