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Background: Urethral atrophy has long been suggested as the leading cause of artificial urinary sphincter
(AUS) revision. Since the introduction of the 3.5 cm AUS cuff in 2010, precise cuff sizing primarily has
been suggested to reduce revisions due to urethral atrophy. We evaluated a large contemporary series of
reoperative AUS cases to determine reasons for revision surgery.
Methods: We retrospectively reviewed our tertiary referral center database of male AUS procedures
performed by a single surgeon from 2007–2019. AUS revision or replacement procedures were included for
analysis. Cuff sizes and reasons for reoperation were recorded based on intraoperative findings and evaluated
for temporal trends. Patients with cuff erosion or lacking follow-up were excluded.
Results: Among 714 AUS cases, 177 revisions or replacements were identified. Of these, 137 met inclusion
criteria [mean age 71.7 years, median follow-up 52.7 months (IQR 22.3–94.6 months)]. Urethral atrophy
was cited as the cause of AUS failure in 8.0% (11/137) of cases overall, virtually never among those with
a 3.5 cm cuff placement (1/51, 2.0%). In those with ≥4.0 cm cuffs, urethral atrophy was the reason for
revision in 10/86 (11.6%). Pressure regulating balloon (PRB) failure was the most frequently cited cause of
failure (47/137, 34.3%). Cuff-related failure (23/137, 16.8%) and mechanical failure of unspecified device
component (16/137, 11.8%) were the next most frequent causes of failure.
Conclusions: Urethral atrophy has become a rare cause of AUS revision surgery since the availability of
smaller cuffs. PRB-related failure is now the leading cause of AUS reoperation.
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Introduction
For nearly 50 years, the artificial urinary sphincter (AUS)
has been widely accepted as the gold standard treatment for
male stress urinary incontinence (SUI) treatment. While
the long-term efficacy and patient satisfaction have been
well demonstrated, many AUS patients eventually require
reoperation for recurrent or persistent incontinence (1-8).
Traditionally, urethral subcuff atrophy has been established
as the leading reason for AUS revision (2,3,9,10).
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Since the introduction of the 3.5 cm AUS cuff to the
U.S. market in 2010, precise cuff sizing has been suggested
to reduce revisions due to spongiosal atrophy (11). The
availability of the smaller cuff theoretically prevents
ongoing leakage due to improper cuff sizing in men with
small urethras. We investigated our high volume experience
with AUS revision and replacement procedures to identify
the most common causes of recurrent incontinence over the
past decade.
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Table 1 Demographics of AUS reoperation cohort (n=137)
Parameter
Mean age, years (range)

Value
71.7 (47.0–93.0)

Mean body-mass index, kg/m2

29.28

Comorbidities, No. (%)
Coronary artery disease

17 (12.4)

Hypertension

80 (58.4)

Type 2 diabetes mellitus

23 (16.8)

Prostate cancer

113 (82.5)

Smoking history, No. (%)

82 (59.9)

History of pelvic radiation, No. (%)

48 (35.0)

History of urethroplasty, No. (%)
History of IPP placement, No. (%)

4 (2.9)
68 (49.6)

Median time to follow-up, months (IQR)

52.7 (22.3–94.6)

Median time to revision, months (IQR)

18.4 (6.1–48.1)

AUS, artificial urinary sphincter.

Methods
We retrospectively reviewed our tertiary referral center
database of male AUS procedures performed by a
single surgeon from 2007–2019. Men undergoing AUS
revision or replacement surgeries were included; those
without documented follow-up or with prior AUS cuff
erosions were excluded. The need for AUS revision/
replacement and device failure was identified in clinic.
AUS cuff sizes and reasons for reoperation were recorded
based on intraoperative findings and cystoscopy. Patient
demographics, comorbidities, and relevant clinic visits were
reviewed (Table 1).
Cases were stratified by cuff size of the initial AUS
system (3.5 vs. ≥4.0 cm). Reasons for reoperation were
determined by operative note review by year of revision
amongst four three-year periods from 2008–2019. This
analysis was intended to examine the changing trends
across time in reasons for AUS failure spanning the years
before and after the introduction of the 3.5 cm cuff in 2010.
Urethral atrophy was recorded when there was no known
fluid loss of the system and placement of a smaller cuff size
resolved the inadequate cuff coaptation. No tandem cuff
procedures were performed during this cohort.
Mechanical device failure was established by
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intraoperative device interrogation. In cases of suspected
system leak, device components were systematically injected
with saline and/or aspirated to assess component integrity.
In cases of suspected PRB herniation, herniated balloons
were palpable in the groin area and otherwise intact
without evidence of fluid loss. Intraoperative cystoscopic
improvement of sphincter coaptation was confirmed during
application of manual pressure to the intact herniated
balloon.
Results
Reasons for reoperation
From a series of 714 AUS procedures at our center from
2007–2019, 177 revision or replacement procedures were
identified, with 137 meeting inclusion criteria [mean age
71.7 years, median follow-up 52.7 months (IQR 22.3–
94.6 months)] (Table 1). Mechanical failure was the leading
reason for reoperation (95/137, 69.3%). Urethral atrophy
was cited as the reason for revision in only 8.0% (11/137) of
cases.
PRB failure was the single most common reason for
revision (47/95, 49.5%), followed by cuff failure due
to cuff leak or defect (23/95, 24.2%). Of the revisions/
replacements attributed to PRB failure, 48.9% (23/47) were
due to PRB leak or fluid loss, and 25.5% (12/47) were due
to PRB herniation. Failure of the AUS pump or tubing
was the reason for reoperation in 8.0% (11/137) of cases.
The reason for device failure or recurrent incontinence was
unknown in 6.6% (9/137) of cases.
For the cases with available data on date of primary
AUS placement (92%), median time to AUS revision or
replacement surgery from the date of immediate prior AUS
placement was 18.4 months (IQR 6.1–48.1 months). The
mean time to revision was longest for reoperation due to
urethral atrophy (42.0 months) compared to PRB failure
(27.0 months), cuff failure (37.7 months), and pump failure
(15.7 months). Of revisions performed from 2008–2010 in
our cohort, 33.3% were cited as due to urethral atrophy,
while the incidence of atrophy decreased to 4.3%, 5.45%,
and 2.4% amongst revisions performed in 2011–2013,
2014–2016, and 2017–2019, respectively. Revisions due to
PRB failure made up 5.56% of AUS revisions performed
from 2008–2010, and increased to account for 34.8%,
38.2%, and 41.5% of revisions performed in 2011–2013,
2014–2016, and 2017–2019, respectively (Figure 1).
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Figure 2 Reasons for AUS failure in revision of 3.5 vs. ≥4.0 cm
cuff AUS system. AUS, artificial urinary sphincter.

Figure 1 AUS failure due to urethral atrophy and PRB failure by
year of revision surgery. AUS, artificial urinary sphincter; PRB,
pressure regulating balloon.

Table 2 Causes of AUS failure in 3.5 vs. ≥ 4.0 cm cuff AUS systems
Cause of failure

All, N=137

3.5 cm, N=51

≥4.0 cm, N=86

P value

Urethral atrophy, No. (%)

11 (8.0)

1 (2.0)

10 (11.6)

0.05

PRB failure

47 (34.3)

20 (39.2)

27 (31.4)

0.36

Cuff failure

23 (16.8)

11 (21.6)

12 (14.0)

0.34

Pump failure

11 (8.0)

4 (7.8)

7 (8.1)

1.00

Unspecified

16 (11.7)

7 (13.7)

9 (10.5)

0.59

9 (6.6)

1 (1.9)

8 (9.3)

0.15

22 (16.1)

8 (15.7)

14 (16.3)

1.00

Mechanical failure, No. (%)

Unknown etiology, No. (%)
Other*, No. (%)

*, includes stricture, scar tissue, bladder neck contracture, infection, and bladder stones.

3.5 vs. ≥4.0 cm cuff systems
Of the 137 revision surgeries, 51 (37.2%) involved
previously placed 3.5 cm cuff AUS systems [median followup 54.2 months (IQR 28.4–90.4 months)], and 86 (62.8%)
were on previously placed ≥4.0 cm cuff AUS systems
[median follow-up 52.7 months (IQR 13.6–95.7)]. No
tandem cuffs were placed at the time of AUS revision/
replacement. Fewer reoperations occurred due to urethral
atrophy in the 3.5 cm cuff group (1/51, 2.0%) compared to
the ≥4.0 cm cuff group (10/86, 11.6%, P=0.05) (Figure 2).
PRB failure was the leading reason for reoperation for both
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the 3.5 cm cuff group (20/51, 39.2%) and the ≥4.0 cm cuff
group (27/86, 31.4%). There were no other significant
differences between the two groups regarding the number
of AUS failures attributed to a certain cause (Table 2).
Discussion
Urethral atrophy revisited
Although AUS placement still represents the gold standard
for male SUI, it is a delicate system prone to revision or
complete replacement for recurrent SUI. Urethral atrophy
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has traditionally been cited as the most common cause
of device failure, accounting for more than half of AUS
reoperation cases in multiple series over the past three
decades (3,9,10). Long-term compression of the urethra by
the AUS cuff has been proposed to cause ischemia of the
corpus spongiosum, thus leading to inadequate coaptation
within the cuff (3). Decreased urethral circumference
has been associated with prostate cancer treatments
including radiation and radical prostatectomy (12). Recent
investigators propose that the atrophic urethra may
further be compressed by a fibrotic psuedocapsule sheath
developing on the inner surface of the cuff (13,14).
High atrophy rates of 52.9–74%, recorded from older
studies dating from 1995–2005, were published long before
availability of 3.5 cm cuffs (3,10). We suspect that large
cuffs on small urethras likely led to many AUS revision/
replacements to be misclassified as urethral atrophy in those
earlier reports. After the introduction and regular use of
the 3.5 cm cuff, the incidence of AUS revision for urethral
atrophy decreased sharply (Figure 2). Atrophy comprised
nearly a third of the revisions performed from 2008–2010,
but later dropped to less than ten percent of revisions in
later years.
This overall temporal trend away from atrophy as
cause for revision is further emphasized when comparing
cuff sizes. Far fewer revisions were attributed to urethral
atrophy among 3.5 cm cuff patients compared to ≥4.0 cm
cuff cases, thus suggesting that appropriate primary use of
the 3.5 cm cuff in men with smaller urethras prevents the
need for further revisions due to atrophy. We utilize the
3.5 cm cuff primarily for men with urethral circumference
<3.5 cm. Although transcorporal cuff placement has been
proposed for men with small urethras, we reserve the
transcorporal option for salvage cases in men with prior
urethral reconstruction or cuff erosion (15).
We recognize that use of the 3.5 cm cuff remains
controversial, as evidenced by a recent series of over 1000
AUS cases from Mayo Clinic in which the 3.5 cm cuff was
never used (2). USC investigators recently reported an
increased susceptibility to failure among 3.5 cm cuffs in
their experience, while Kretschmer et al. reported decreased
revisions among 3.5 cm cuff cases (16,17). Nevertheless,
our extended experience has been that the safety and longterm success of the 3.5 cm cuff are nearly identical to larger
cuffs (18). A unique strength of the current study is the
large volume of cases with 3.5 cm cuffs placed at the time
of primary AUS implantation in our cohort [40/51 (78.4%)
revisions of 3.5 cm cuff systems], which likely provides a
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more accurate representation of 3.5 cm cuff performance
compared to series with few cases of failure after primary 3.5
cm cuff placement.
Primary 3.5 cm cuff placement appears to offer some
advantages in men with small urethras. When the smallest
cuff size resides in the most proximal location on the
urethra, the need for subsequent perineal dissection during
reoperation is often eliminated; for example, if no fluid
loss is confirmed by ultrasound, CT scan, palpation, or
other clinical means, attention can be focused on the PRB.
Mechanical weakness, herniation, and pressure-related
phenomena of the PRB are more often detected as the cause
of device failure in this setting because improper cuff sizing
has been eliminated as a potential cause of failure.
PRB failure
PRB failure has now become the most common specific
cause for AUS reoperation in our experience. Our finding
that roughly one-third of revisions were attributed to
PRB issues is virtually identical to a recent large series
reporting 36.5% of failures attributed to PRB failure (19).
Other recent studies cite similar rates of mechanical device
failure as the most common reason for revision, reporting
38.8–62% of AUS failures in their respective cohorts
(2,13,14,19,20). Intraoperative interrogation of balloon
integrity has revealed that material fatigue is common—
roughly two-thirds of PRBs showed pressures less than the
manufacturer range (13,14). Patients should be counseled
on the delicate nature of the AUS system, especially the
PRB, and the frequent need for reoperation. We have
recently seen many cases in which PRB replacement alone
has yielded dramatic improvement of continence. Larger
series are necessary to confirm best practices for prevention,
diagnosis, and management options in cases of PRB failure.
Limitations
This study is limited by its single-surgeon retrospective
nature and associated inherent biases. In addition,
the remote location of many of our patients from our
regional tertiary referral center often compromises our
ability to ensure detailed follow-up. Many patients travel
from considerable distances to seek treatment at our
center—32% (128/406) of a cohort of our AUS patients
traveled >100 miles to our center. Some patients choose to
follow-up with their local urologists, only presenting at our
clinic if complications arise.
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Urethral atrophy has traditionally been diagnosed
imprecisely, through visualization of poor urethral
coaptation via cystoscopy (4). Only in 2010 was the device
assembly kit modified to include a measuring tape that
extended down to 3.5 cm. We found that when poor
coaptation was noted, it was often due to fluid loss within a
single device component and coaptation was often restored
upon replacement of that component. Greater awareness of
the importance of device interrogation during reoperation
cases over the duration of the study may have contributed
to the increasing recognition of the exact site of mechanical
device failures. While follow-up was similar between the
3.5 and ≥4.0 cm cuff groups (median 54.2 and 52.7 months,
respectively), the more recent implementation of 3.5 cm
cuff usage inherently lending itself to lesser follow-up may
create an element of follow-up bias in detecting urethral
atrophy.
Finally, Linder et al. proposed three years as a cutpoint
for whole rather than partial replacement. We have not
seen delayed failures after isolated PRB replacements,
thus suggesting that the three year cutpoint supported by
Linder et al is arbitrary. Further study is warranted to better
establish guidelines for this question.
Conclusions
Our updated twelve-year experience with AUS revision
surgery confirms that urethral atrophy is now rarely a cause
for persistent or recurrent urinary leakage. PRB failure is
now the leading cause of AUS reoperation.
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