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Purpose: This study was performed to assess the risk factors for artificial urinary sphincter (AUS) explantation in a large mul-
ticenter cohort.

Methods: We retrospectively reviewed the medical records for all 1,233 implantations of the AMS-800 AUS device in male
nonneurological patients from 2005 to 2020 across 13 French centers. Patients with neurological conditions were excluded from
the study. To identify factors associated with explantation-free survival, survival analysis was performed. Explantation was de-
fined as the complete removal of the device, whereas revision referred to the replacement of the device or its components.
Results: The study included 1,107 patients, of whom 281 underwent AUS explantation. The median survival without explanta-
tion was 83 months. The leading causes of explantation were infection and erosion. Univariate analysis revealed several signifi-
cant risk factors for explantation: age above 75 years (34.6% in the explanted group vs. 25.8% in the nonexplanted group, P=
0.007), history of radiotherapy (43.5% vs. 31.3%, P=0.001), and anticoagulant use (15% vs. 8.6%, P <0.001). In logistic regres-
sion analysis, the only significant risk factor was previous radiotherapy (odds ratio [OR], 2.05; P <0.05). Cox proportional haz-
ards analysis revealed 2 factors associated with earlier explantation: transcorporal cuft implantation (hazard ratio [HR], 2.67;
P=0.01) and the annual caseload of the center (HR, 1.08; P =0.02). When specifically examining explantation due to erosion,
radiotherapy was the sole factor significantly associated with the risk of erosion (OR, 2.47; P <0.05) as well as earlier erosion
(HR, 1.90; P=0.039).

Conclusions: In this series, conducted in a real-world setting across multiple centers with different volumes and levels of ex-
pertise, the median survival without AUS explantation was 83 months. This study confirms that radiotherapy represents the
primary independent risk factor for AUS erosion in male nonneurological patients.
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INTRODUCTION

Prostate surgery can result in stress urinary incontinence (SUI).
The reported incidence of incontinence following prostate sur-
gery varies widely; rates after radical prostatectomy range from
6.3% to 65%, while those following endoscopic prostate surgery
are substantially lower, at under 3% [1, 2]. SUI greatly impacts
patient quality of life and has considerable economic implica-
tions [3].

For the past few decades, the artificial urinary sphincter (AUS)
has been the gold-standard surgical treatment for male SUI [4].
The primary strengths of the AUS lie in its efficacy and reliabili-
ty; however, it is also associated with substantial morbidity; in-
cluding a relatively high rate of infection, erosion, and the need
for explantation or revision due to mechanical and non-me-
chanical failures. Despite this, the prevalence and risk factors for
AUS explantation have rarely been explored using large multi-
center datasets. The examination of more data is crucial to im-
prove preoperative counseling, particularly for patients who may
be at elevated risk; these include elderly individuals with multi-
ple comorbidities as well as those with a history of radiation, in-
continence surgery, or complex urethral surgery [5]. Indeed,
multiple studies have explored risk factors for AUS failure [6, 7]
to improve the efficacy and safety of this device. However, the
results of these studies have been contradictory, possibly due to
the heterogeneity of endpoints and small sample sizes [8]. The
present study was performed to assess the prevalence of AUS
explantation in men and to identify risk factors for explantation
within a large multicenter cohort.

MATERIALS AND METHODS

Study Design

We retrospectively reviewed the charts of all male patients who
underwent AUS implantation between 2005 and 2020 across 13
French urology departments. The inclusion criteria were men
over 18 years old with urinary incontinence following prostate
surgery or pelvic radiotherapy. In all cases, the AMS-800 (Amer-
ican Medical Systems, Inc., Minnetonka, MN, USA) AUS device
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was used. We excluded neurological patients and those with
congenital incontinence.

Each center collected data in a computerized database. These
data encompassed preoperative patient characteristics, includ-
ing antiplatelet and anticoagulant intake, age, American Society
of Anesthesiologists (ASA) physical status classification score,
the widely used Charlson score, based on age and comorbidities,
to represent patients’ general condition, and previous anti-in-
continence surgical procedures; incontinence features, namely
the severity of incontinence and any coexistent lower urinary
tract symptoms; and biological data, comprising serum creati-
nine levels and preoperative urine culture results. The severity
of incontinence was evaluated based on the number of pads
used per day and self-administered questionnaires, specifically
the International Consultation on Incontinence Questionnaire
and the Urinary Symptom Profile.

The following surgical data were also collected: cuff location,
surgical approach (perineal vs. penoscrotal), cuff size, length of
hospitalization, postoperative complications, and functional
outcomes. Postoperative complications were documented and
classified according to the Clavien-Dindo system.

Due to the retrospective and multicentric design of the study,
preoperative and postoperative workups, as well as surgical tech-
niques, were not standardized. In total, 103 surgeons from 13 in-
stitutions participated in the study. Most of the procedures were
carried out by 24 experienced surgeons, while the remaining
operations were generally conducted under the supervision of
an experienced surgeon.

Outcomes of Interest

We documented whether each patient underwent device ex-
plantation during the follow-up period. Explantation was de-
fined as the complete removal of the device without simultane-
ous replacement. The primary endpoint of the study was ex-
plantation-free survival. We also noted and classified the rea-
sons for explantation, which included infection, erosion, or oth-
er causes such as pain, difficulty operating the pump, or patient
preference. Erosion was defined as the protrusion of the cuff
through the urethral wall, which typically necessitates the com-
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plete removal of the sphincter.

Statistical Analysis

Statistical analyses were conducted using R (R Foundation for
Statistical Computing, Vienna, Austria, 2008), with the signifi-
cance level set at 5%. In the descriptive analysis, qualitative pa-
rameters were presented as numbers and percentages, while
quantitative parameters were summarized using means and
standard deviations.

The Fisher exact test was employed for the comparison of
nominal variables, the Kruskal-Wallis test was utilized for ordi-
nal variables, and the Student t-test was applied for quantitative
continuous variables.

Survival analysis was performed using the nonparametric
Kaplan-Meier method. Survival was assessed from the date of
implantation surgery to the date of explantation or (for cases
that did not require explantation) the last follow-up.

Variables significantly associated with explantation, as identi-
fied in univariate analysis based on a P-value of less than 0.25,
were included in a multivariate Cox proportional hazards mod-
el. Additionally, multivariate logistic regression was performed.

RESULTS

Patient Characteristics

Among 1,233 men who underwent AUS implantation, 1,107
patients were included in this study (Fig. 1). The characteristics
of these patients are detailed in Table 1. The mean participant
age was 70.5 years, and the mean preoperative number of pads
used per day was 3.7. A total of 326 patients (29.4%) had a his-
tory of pelvic radiotherapy, while 177 patients (16%) had under-

1,233 AUS

126 Excluded (neurological patients, patients
with incontinence post endoscopic bladder
resection and congenital incontinence)

1,107 Patients included ‘

—>‘ 104 Outcome not specified

722 Without explantation,
281 with explantation

Fig. 1. Flowchart of the study. AUS, artificial urinary sphincter.
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gone previous anti-incontinence surgery, predominantly male
sling procedures. The perineal approach was the primary surgi-
cal technique, employed in 61% of cases. In most patients, in-
continence had developed after radical prostatectomy (86.4%).

Prevalence and Causes of Explantation

Of the 1,107 participants, 281 underwent AUS explantation
(28%) (Table 2). The median duration of explantation-free sur-
vival was 83 months (Fig. 2). Infection and erosion were the
leading causes of explantation, representing 94% of cases. Other
causes were highly heterogeneous and included pain, inability
to manipulate the pump, patient request, and radiation cystitis
requiring urinary diversion, among others.

Table 1. Cohort characteristics (n=1,107)

Characteristic Value
Age (yr) 70.5+7.7
BMI (kg/m?) 27.23+3.80
ASA PS classification grade
0 5(0.45)
I 40(3.6)
II 275(24.8)
I 124 (11.2)
v 6(0.5)
A% 1(0.1)
Anticoagulants 95 (8.6)
Antiaggregants 188(17.0)
History of pelvic radiotherapy 326 (29.4)
History of pelvic surgery 910 (82.2)
History of perineal surgery 287 (25.9)
History of incontinence surgery 177 (16)
Preoperative pad test (g) 502.13+490.70
Preoperative number of pads 3.73+£2.31
Perineal approach 675 (61)
Transcorporal cuff 81(7.3)
Cuff size (mm), median 45
No. of procedures at center/yr 9.84+4.86
=10 Procedures/yr 444 (40.1)
Postradical prostatectomy incontinence 957 (86.4)

Values are presented as mean + standard deviation or number (%) un-
less otherwise indicated.

BMI, body mass index; ASA PS, American Society of Anesthesiologists
physical status classification system.
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Table 2. Risk factors associated with explantation, based on univariate analysis

Variable Explantation-free (n=722) Explantation (n=281) P-value
Age (yr) 70.34+7.46 71.16 +8.46 0.134
Age 275yr 186 (25.8) 97 (34.6) 0.007
BMI (kg/m?) 27.17+£3.76 27.32+£3.99 0.701
ASA PS classification grade 0.019

0 4(1.4) 4(1.4)

I 27(9.6) 7(5.9)

I 184 (65.5) 62 (52.5)

I 61(21.7) 46 (39.0)

v 4(1.4) 2(1.7)

A% 1(0.4) 0(0)
Charlson score 3.79+2.26 3.68+2.82 0.678
Anticoagulants 50 (8.6) 35(15.0) 0.010
Antiaggregants 117 (22.5) 51(25.0) 0.544
History of pelvic radiotherapy 192 (31.3) 97 (43.5) 0.001
History of pelvic surgery 600 (97.6) 219 (97.3) 1.000
History of perineal surgery 178 (32.7) 77 (38.5) 0.166
History of incontinence surgery 114 (15.8) 39(13.9) 0.511
Preoperative pad test (g) 491.67+£459.73 665.31+624.41 0.015
Preoperative number of pads 3714224 3.88+2.40 0.519
Perineal approach 446 (62.7) 159 (59.3) 0.367
Transcorporal cuff 45 (6.3) 22(8.1) 0.392
Cuft size (mm) 43.87+£591 43.67+£6.64 0.650
No. of procedures at center/yr 10.19+4.68 9.46+5.05 0.047
>10 Procedures/yr 323 (53.6) 108 (46.2) 0.065
Postradical prostatectomy incontinence 638 (88.4) 241 (85.8) 0.285

Values are presented as mean + standard deviation or number (%).

BMI, body mass index; ASA PS, American Society of Anesthesiologists physical status classification system.

Risk Factors for AUS Explantation
In the univariate analysis, several factors were significantly as-
sociated with explantation. These included age over 75 years
(34.6% in the explanted group vs. 25.8% in the nonexplanted
group, P <0.007), high preoperative 24-hour pad weight (P=
0.015), low annual number of procedures performed at the cen-
ter (P=0.047), high ASA physical status classification score (P =
0.019), history of pelvic radiotherapy (43.5% vs. 31.3%, P=0.001),
and anticoagulant use (15% vs. 8.6%, P <0.001). The patient’s
history of anti-incontinence procedures and cuff size were not
significantly associated with the risk of explantation.

In the multivariate logistic regression analysis (Fig. 3), radio-
therapy remained significantly associated with an increased risk
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of explantation (odds ratio [OR], 2.05; P <0.05). Cuff size, sur-
gical approach, and cuff location displayed no significant asso-
ciations with explantation risk.

In the multivariate Cox analysis (Fig. 3), 2 risk factors were
identified as being associated with earlier explantation: transcor-
poral cuft position (hazard ratio [HR], 2.67; P=0.01) and higher
annual caseload at the center (HR, 1.08; P=0.02).

Risk Factors for AUS Erosion

More specifically, we aimed to identify risk factors associated
with explantation due to erosion. In the multivariate logistic re-
gression analysis (Fig. 4), radiotherapy was the only factor sig-
nificantly associated with the risk of erosion (OR, 2.47; P <0.05).

Int Neurourol J June 30, 2024
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Fig. 2. Explantation-free survival, based on Kaplan-Meier analysis.

Cuff size, surgical approach, and cuff location exhibited no sig-
nificant associations with erosion-free survival.

In the multivariate Cox analysis (Fig. 4), radiotherapy was the
only factor significantly associated with shorter erosion-free
survival (HR, 1.90; P=0.039).

DISCUSSION

For 50 years, the prevalence and risk factors associated with ex-
plantation have been topics of debate [9-11]. More robust data
would assist in treatment decision-making and support patient
counseling. To our knowledge, the present report describes the
most extensive series focused on AUS explantation to date. The
results suggest that in a real-world setting, device survival among
nonneurogenic male patients was approximately 7 years. Our
findings also confirmed that radiotherapy is the primary inde-
pendent risk factor for AUS erosion and explantation.

Radiotherapy exerts both short- and long-term effects on tis-
sues, potentially leading to fibrosis in the more vulnerable tis-
sues, such as the urethra [12].

Our study corroborates the prior finding that radiation ther-
apy to the urethra increases the risk of cuff erosion [13]. Similar
results have been reported in other large cohorts [9, 14]. These
findings align with those of Fuller et al. [15], who observed
poorer survival outcomes in 150 patients with a history of radi-
ation compared to 174 patients without such a history. In 2016,
Hiisch et al. [16] identified radiotherapy as a risk factor for ero-
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sion in a cohort of 506 participants. Additionally, a single pro-
spective study of 386 patients conducted in 2014 indicated that
radiotherapy was a risk factor for explantation, with an OR of
4872 [17).

Several possibilities may explain the heightened risk of ero-
sion and explantation in patients who have undergone radia-
tion therapy. Radiotherapy is known to cause long-term tissue
effects, including fibrosis and microvascular damage. We posit
that these changes to the urethral wall, which is in close contact
with the AUS cuff, can predispose the tissue to erosion and sub-
sequent explantation. Furthermore, radiation-induced bladder
dysfunction — most notably gross hematuria resulting from ra-
diation cystitis — may necessitate endoscopic procedures and
catheterization, which can also increase the likelihood of ero-
sion.

Another key accomplishment of the present study was the
determination of median device survival without explantation,
which was 83 months. This information is crucial for preopera-
tive patient counseling. Previously, data on this important issue
were relatively limited, primarily originating from small sample
series or large tertiary referral centers [18]. The real-world data
presented here are somewhat less favorable than those reported
in earlier series. This discrepancy may be attributed to differ-
ences in the volume and expertise of the involved centers and
surgeons, as well as the high proportion of patients who had
undergone radiation [19]. The latter point may reflect a recent
trend among survivors of prostate cancer.
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Fig. 3. Risk factors for explantation, based on logistic regression analysis (above) and Cox proportional hazards analysis (below). AIC,

Akaike information criterion. *P < 0.05. **P <0.01.

Transcorporal cuft implantation is often employed in cases
involving a fragile urethra to minimize the risk of urethral ero-
sion and atrophy. Interestingly, this implantation method was
associated with a shorter duration of explantation-free survival
in the present study. While this result may seem surprising, re-
cent investigations have suggested that transcorporal implanta-
tion may not extend the period of explantation-free survival
[10, 20]. Our findings could reflect the notion that the transcor-
poral approach is indicative of a challenging implantation and

152 www.einj.org

poor tissue quality. The lack of significant association between
surgical approach and erosion risk suggests that transcorporal
implantation may also indicate the presence of other frailties
that no study has yet clarified.

A 2015 study of 37 patients investigated the risk factors asso-
ciated with complications arising from transcorporal cuffs [21].
The authors identified both systemic and urethral risk factors.
At 35 months, they reported no cases of erosion or explantation
in patients with 0 or 1 urethral risk factors. However, among

Int Neurourol J June 30, 2024
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Fig. 4. Risk factors for explantation due to erosion, based on logistic regression analysis (above) and Cox proportional hazards analy-

sis (below). AIC, Akaike information criterion. *P < 0.05. **P <0.01.

those with 2 or more urethral risk factors, the rates of erosion
and explantation were 64% and 52%, respectively.

Most previous studies have not distinguished between ero-
sion and infection when assessing the cause of explantation.
However, practices can differ among centers regarding erosion,
which does not always necessitate explantation surgery.

To better understand the process, we aimed to identify the

Int Neurourol J June 30, 2024

specific factors associated with erosion.

Concerning patient-related risk factors, several studies have
identified diabetes, cardiovascular, and respiratory comorbidi-
ties as potential contributors to the risk of erosion and explanta-
tion [22-24]. In our study, the use of antiplatelet therapy, which
serves as a proxy for cardiovascular comorbidities, was associ-
ated with a higher rate of explantation in univariate analysis.
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This association has also been observed in smaller cohorts [25].
Other indicators of general cardiovascular comorbidities, such
as coronary artery disease, have been implicated as risk factors
for AUS erosion and explantation [24]. The underlying patho-
physiology remains unclear. Cardiovascular disease may lead to
increased rates of explantation due to poor vascularization, re-
sulting in suboptimal healing or urethral atrophy. Additionally,
anticoagulants, which are often prescribed for cardiovascular
conditions, could contribute to hematoma formation and fur-
ther compromise the healing process. Alternatively, the higher
explantation rate may simply be a consequence of the fragile,
elderly, and multimorbid state of the patients. Accordingly, it is
unsurprising that our univariate analysis indicated a relation-
ship between age and explantation. Contrary to previous find-
ings [25], we did not identify urethral strictures as a risk factor.
Our results also showed no significant difference in explanta-
tion rates based on the surgical approach used. While some re-
search suggests that the penoscrotal approach leads to a higher
rate of explantation [26], this trend may disappear after adjust-
ing for surgeon experience.

Our study has several limitations that warrant mention. The
retrospective design is susceptible to information bias, particu-
larly regarding surgeon experience. Furthermore, while utiliz-
ing a multicentric database can increase statistical power, it car-
ries the drawback of added heterogeneity in practices and data
collection methods. Additionally, we did not account for certain
established risk factors for erosion and explantation, such as the
use of indwelling catheters or cystoscopy, which are potential
confounding variables. Finally, due to the absence of details re-
garding each surgeon’s history performing the procedure, we
chose not to evaluate the influence of surgeon experience on
the risk of explantation and erosion. This decision may repre-
sent a further limitation of our study.

In conclusion, in this series, conducted in a real-world setting
across multiple centers with different volumes and levels of ex-
pertise, the median survival without AUS explantation was 83
months. This study confirms that radiotherapy represents the
primary independent risk factor for AUS erosion in male non-
neurological patients. These findings can aid in patient counsel-
ing and inform treatment decisions.
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