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Background: Artificial urinary sphincter (AUS) placement is the standard for treatment of severe male
stress urinary incontinence (SUI). While there is evidence to suggest satisfactory device survival, there is a
paucity of data addressing long-term quality of life outcomes.
Methods: We identified patients who underwent primary AUS placement from 1983 to 2016. We assessed
rates of secondary surgery (overall, device infection/erosion, urethral atrophy, malfunction) and factors
associated with these endpoints. Quality of life was evaluated by pad usage and Patient Global Impression of
Improvement (PGI-I) at various time points from primary surgery. Follow-up was obtained in clinic or by
phoned/mailed correspondence.
Results: During the study time frame, 1,154 patients were eligible and included in the analysis. Patients
had a median age of 70 years (IQR, 65–75 years) and median follow up of 5.4 years (IQR, 1.6–10.5 years).
Overall device survival was 72% at 5 years, 56% at 10 years, 41% at 15 years, and 33% at 20 years. On
univariate analysis, variables associated with need for secondary surgery were prior cryotherapy (HR 2.7;
95% CI, 1.6–4.6; P<0.01) or radiation therapy (HR 1.4; 95% CI, 1.1–1.7; P=0.01). On multivariable analysis,
only cryotherapy remained significantly associated with this endpoint (HR 2.4; 95% CI, 1.3–4.2; P<0.01).
While 36% and 23% of patients 5–10 years out from surgery and >10 years out from surgery, respectively,
reported using a security pad or less per day, 78% and 81% of those patients, respectively, reported their
PGI-I as at least “much better”.
Conclusions: AUS placement has excellent long-term outcomes, and is associated with sustained
improvement in patient quality of life.
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Introduction
Artificial urinary sphincter (AUS) is a treatment option for
incontinence after prostate treatment, and the preferred
surgery for patients with severe symptoms (1). Since its
introduction more than 40 years ago (2), the AUS has
been implanted more than 150,000 times worldwide (3)
and studies have shown rising rates of male incontinence
procedures in the recent era (4). The AUS device has
undergone little significant change since 1987 (narrow-back
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cuff and kink-free tubing) (5) with few significant technique
changes since that time as well (transcorporal cuff, etc.). This
affords increasing opportunity for reporting on long-term
results. While the growing body of literature on AUS longterm outcomes reports predominantly on device survival and
continence rates, there is still a paucity of data on patientreported quality of life outcomes especially in large cohorts
(6,7). We previously reported our experience on device
survival in 1,082 patients with median 4-year follow-up (6).
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Since then, we have surveyed our surviving population of
AUS patients concerning their continence rates and quality
of life. We present herein an update on the largest reported
series of AUS patients with device survival and additional
key continence and quality of life outcomes (8).

(PGI-I) (8,9).
Baseline patient characteristics were analyzed with
descriptive statistics: continuous variables were described
with medians and interquartile ranges (IQRs) while
categorical variables were summarized with frequencies and
percentages. Kaplan-Meier analysis was used to determine
time to all-cause secondary surgery, with a breakdown by
cause of secondary surgery (infection/erosion, mechanical
failure, urethral atrophy, pump malposition/other)
tabulated. Univariate and multivariable analyses were
performed to test association of baseline variables with the
need for secondary surgery. Quality of life outcomes were
grouped in time ranges because time intervals between
AUS placement and survey responses were variable
between patients. All analyses were performed using the
SAS software package (SAS Institute, Inc. Cary, NC) using
2-sided statistical tests with a P value of <0.05 considered
statistically significant.

Methods
After institutional review board approval was obtained, we
queried our institutional AUS database and identified all
patients who underwent primary AUS placement at our
institution from 1983 to 2016. AUS revision surgeries were
excluded from this analysis. Patients who underwent AUS
implantation for neurogenic bladder or pelvic fracture, were
less than 18 years of age, or declined research consent were
also excluded.
Baseline clinical and demographic features of the
cohort were evaluated. The etiology of incontinence was
classified as radical prostatectomy (RP; includes both open
and robotic approaches), RP with radiation (RP + RT),
benign prostate surgery (including transurethral resection
and photoselective vaporization of prostate) (TURP), and
cryotherapy (Cryo). Of note, the majority of cryotherapy
cases were performed as salvage therapy after recurrence
following primary prostatectomy and/or radiation therapy.
Due to low numbers, patients with a history of radiation
therapy alone (prostate in situ) were excluded.
Regarding surgical technique, we perform AUS
placement through a perineal incision. We divide the
bulbospongiosus muscle and circumferentially dissect
the proximal bulbar urethra. Urethral measurement is
performed to determine appropriate cuff size. We perform
abdominal placement of the reservoir through a separate
incision and fill the reservoir with 22 mL of iso-osmotic
contrast to aid in future device failure evaluation, if
necessary.
All patients are seen back at 6 weeks for a postoperative
visit with device activation and teaching. Otherwise, patient
office visits are performed on an as-needed basis. Individual
charts were reviewed to determine need for secondary
surgery as well as the cause (explantation for infection/
erosion or revision for device malfunction, urethral atrophy,
or pump/tubing complication). Via our AUS registry, we
also periodically contacted our patients via phone and mail
to update patient and device outcomes. In recent mailings,
we have requested that our patients report quality of life
metrics including pad usage and validated survey questions
including the Patient Global Impression of Improvement
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Results
During the study time frame, 1,154 men who underwent
primary AUS were eligible and included in the analysis.
Baseline clinical and demographic features of the cohort
are shown in Table 1. RP was the most common etiology
of incontinence, with 61% of men having had RP alone
and 27% with an additional history of radiation therapy.
Coronary artery disease (27%), peripheral vascular disease
(5%), and diabetes (16%) were not particularly prevalent;
however, only 45% were never-smokers. Twenty-nine
percent had a history of bladder neck contracture or
vesicourethral anastomotic stenosis and 17% had been
previously treated for incontinence via urethral sling or
bulking agent injection. Concerning operative technique,
all patients received a 4 cm or larger cuff, as the 83 (7%)
patients measuring 3.5 cm or less received a transcorporal
cuff placement.
Median follow-up for the cohort was 5.4 years (IQR, 1.6–
10.5 years). The overall secondary surgery rate (explantation
or revision at any timepoint) was 35% (n=404). The rate of
secondary surgery at 5, 10, 15, and 20 years was 72%, 56%,
41%, and 33%, respectively (Figure 1). As shown in Table 2,
11% of revisions were early for pump malposition, kinked
tubing, or similar issue. Infection/erosion prompted 25%
of secondary surgeries at a median of 1.3 years after initial
AUS placement, whereas urethral atrophy (26%) and device
malfunction (39%) accounted for the majority of revisions
at 4.4 and 4.5 years, respectively.
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Table 1 Baseline clinical demographic features of the cohort

Age (years), median [IQR]

70 [65–75]

Etiology of incontinence
RP only

703 (61%)

RP + RT

312 (27%)

TURP

112 (10%)

Cryo

27 (2%)

BMI (kg/m2), median [IQR] (n=826)

28 [26–31]

Brachytherapy

17 (2%)

Coronary artery disease (n=756)

200 (27%)

Hypertension (n=751)

471 (63%)

Diabetes mellitus (n=753)

121 (16%)

Peripheral vascular disease (n=751)

90

Value (n=1,154)

80
Device survival (%)

Patient features

100

70
60
50
40
30
20
10
0

Time-point
0 years
5 years
10 years
15 years
20 years

KM Est (95% CI)
100% (100.0–100.0%)
72% (68.8–74.7%)
56% (52.2–59.7%)
41% (36.1–45.8%)
33% (26.7-38.9%)

0

5

10
Time (years)

15

20

233

73

24

Patients-at-risk
1,154
504

Figure 1 Kaplan-Meier analysis of artificial urinary sphincter
(AUS) device secondary-surgery-free survival.

38 (5%)
Table 2 Cause and timing of secondary surgery

Tobacco use (n=722)
Never

327 (45%)

Former

350 (49%)

Current

45 (6%)

Cause of secondary
surgery
All

n

Time to secondary
surgery, year, median
(IQR)

404

3.7 (1.0–6.8)

Androgen deprivation therapy (n=737)

115 (16%)

Infection/erosion

99 (25%)

1.3 (0.3–4.8)

History of bladder neck contracture (n=744)

214 (29%)

Malfunction

156 (39%)

4.5 (2.2–8.0)

Atrophy

105 (26%)

4.4 (1.9–7.8)

Pump malposition/other

44 (11%)

0.2 (0.1–0.2)

Prior urethral sling (n=1,144)
Prior urethral bulking agent injection (n=1,143)

40 (4%)
143 (13%)

RP, radical prostatectomy; RT, radiation therapy; TURP,
transurethral resection of prostate; cryo, cryotherapy.

On univariate analysis of patient factors associated with
need for any secondary surgery (Table 3), only history
of cryosurgery (HR 2.7; 95% CI, 1.6–4.6; P<0.01) and
radiation therapy (HR 1.4; 95% CI, 1.1–1.7; P=0.01)
demonstrated significant association. Notably, coronary
artery disease, peripheral vascular disease, diabetes, history
of smoking, androgen deprivation therapy, and prior
incontinence treatment did not demonstrate association
with secondary surgery in our study. On multivariable
analysis (Table 4) only history of cryosurgery retained
significance (HR 2.4; 95% CI, 1.3–4.2; P<0.01).
Concerning continence and quality of life outcomes
(Table 5), 32% of patients that did not need a secondary
surgery (243/750) had survey responses available. Of these,
survey data demonstrated that 50% of patients responding
less than 1 year from AUS placement used a security pad
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or less per day. Ninety percent of these patients reported
a PGI-I of at least “much better”. Use of a security pad
or less was reported by fewer patients who responded at
greater time intervals from initial placement, down to 36%
for 5–10 year responders and 23% for >10-year responders.
However, these patients continued to report sustained
subjective improvement, with 78% and 81% reporting
PGI-I at least “much better”, respectively.
Discussion
Our study reports the outcomes of a large cohort [1,154] of
primary AUS placements over extended follow-up (median
5.4 years, maximum 31.1 years). While the percentage of
devices free from explantation/revision decreases with time
(down to 56% at 10 years and 33% at 20 years) and pad
usage increases with time, up to 80% of patients continue
to report a PGI-I that is at least “much better” with greater
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Table 3 Univariate analysis of factors associated with need for secondary surgery
Variable

HR

95% CI

P value

Age at AUS

1.0

1.0–1.0

0.96

Cryo vs. RP only

2.7

1.6–4.6

<0.01

RP + RT vs. RP only

1.4

1.1–1.7

0.01

TURP vs. RP only

1.2

0.9–1.8

0.21

Body mass index

1.0

1.0–1.0

0.67

Brachytherapy

1.6

0.7–3.6

0.25

Coronary artery disease

1.0

0.8–1.4

0.80

Hypertension

1.1

0.9–1.4

0.43

Diabetes mellitus

1.2

0.8–1.6

0.39

Peripheral vascular disease

1.0

0.6–1.8

1.00

Current vs. never smoker

1.0

0.5–1.7

0.88

Former vs. never smoker

1.0

0.7–1.2

0.72

Androgen deprivation therapy

1.1

0.8–1.5

0.67

History of bladder neck contracture

1.0

0.8–1.3

0.86

Prior urethral sling

1.3

0.7–2.3

0.41

Prior urethral bulking agent injection

1.0

0.7–1.3

1.00

Transcorporal single cuff

1.3

0.8–2.0

0.26

Etiology of incontinence

Tobacco use

AUS, artificial urinary sphincter; Cryo, cryotherapy; RP, radical prostatectomy; RT, radiation therapy; TURP, transurethral resection of prostate.

Table 4 Multivariable analysis of factors associated with need for
secondary surgery
Variable

HR

95% CI

P value

Age at AUS surgery

1.0

1.0–1.0

0.35

Coronary artery disease

1.0

0.7–1.3

0.88

Diabetes mellitus

1.1

0.8–1.6

0.57

Cryo vs. RP only

2.4

1.3–4.2

<0.01

RP+RT vs. RP only

1.2

0.9–1.6

0.13

TURP vs. RP only

1.4

0.8–2.4

0.27

Etiology of incontinence

AUS, artificial urinary sphincter; Cryo, cryotherapy; RP, radical
prostatectomy; RT, radiation therapy; TURP, transurethral
resection of prostate.
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Table 5 Continence and quality of life outcomes by time from AUS
surgery
Time after AUS surgery

Number Security pad PGI-I at
responding or less per least “much
(n=243)
day
better”

Less than 1 year

10

5 (50%)

9 (90%)

Between 1 and 2 years

30

14 (47%)

26 (87%)

Between 2 and 3 years

16

8 (53%)

14 (88%)

Between 3 and 4 years

27

10 (36%)

25 (93%)

Between 4 and 5 years

28

15 (54%)

23 (82%)

Between 5 and 10 years

65

23 (36%)

51 (78%)

10 years or more

67

16 (23%)

54 (81%)

AUS, artificial urinary sphincter.
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than 10-year follow-up.
Our device durability rates without the need for
secondary surgery are consistent with those reported in the
literature (10), including in smaller studies focused on longterm follow-up (7,11-14).
Concerning patient-reported continence and quality
of life outcomes, the literature contains a variety of
definitions for successful outcomes (8,10). We chose to
focus on the need for a security pad per day or less and the
PGI-I because previous work has demonstrated that these
variables hold the strongest association to patient-reported
AUS success (8). The need for a security pad or less per day
declined with greater time from primary AUS placement
such that only 36% of patients 5–10 years from placement
and 23% >10 years out reported continence by this
definition. Comparison of continence rates across studies
is difficult due to the varied definitions, but a systematic
review summarized that the AUS appears to offer about
50% dry rates at mid-term follow-up (10).
Interestingly, our longest follow-up patients continue to
report high responses on the PGI-I, despite fewer meeting
the successful continence definition of needing a security
pad or less daily. While prior studies have shown that
patient satisfaction correlates inversely with the number of
pads needed per day (14), our findings suggest that many
of the patients who require more than a security pad per
day are still experiencing such a significant improvement
from their severe preoperative incontinence to consider the
AUS successful. While our study addressed quality of life
outcomes only in patients with a primary implant in place,
other studies have reported that patient satisfaction is not
affected by the need for secondary surgery (14-16). This
fact suggests that even though the absolute revision rate for
AUS is high (>70% by 20 years), even patients requiring
another surgery can experience ongoing significant
improvement, reflective of overall success.
Interestingly, a history of cryotherapy demonstrated a
strong association with the need for secondary surgery which
we had previously noted in a subset of our patients (17).
While cryotherapy, in some instances, is performed as
a primary therapy, many patients receive cryotherapy as
salvage treatment after prostatectomy and/or radiation.
Therefore, it is unclear if the cryotherapy modality itself is
at the root of the association or if it serves as a surrogate for
complex or repeated cancer treatments.
Strengths of the study include a large sample size,
lengthy follow-up duration, and use of validated symptom
questionnaires. Furthermore, for device survival we report
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the need for any secondary surgery to limit ambiguity
between specific causes such as that between infection and
erosion. We chose continence and quality of life outcomes
based on study-proven associations with patient satisfaction
as well (8).
The retrospective nature of our study introduces
significant limitations that should also be acknowledged.
For instance, the severity of preoperative incontinence
could not be assessed, and this may provide insight in to
the discrepancy between pad use on long-term followup and continued improvement on PGI-I. Furthermore,
since our study addressed only patients with a primary
implant and patients who were treated at a tertiary referral
center in a high-volume AUS practice, the results may not
be generalizable to all practices. The impact of changes
in surgical technique, including more common use of a
transcorporal approach in the most contemporary cases,
may also impact our findings. Unfortunately, given limited
numbers and follow-up in this subset of patients, specific
statistical analysis was not feasible. Further studies on the
use of this technique are needed.
In conclusion, primary AUS devices have acceptable
long-term durability and function, and despite decreasing
continence rates with time, patients continue to report high
rates of overall symptom improvement.
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