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Abstract

Purpose To examine the functional survival of the artificial urinary sphincter (AUS) AMSS800 in a changing patient popu-
lation. Because of increasing experience and dexterity of the operating team, we hypothesize that patients with known risk
factors nowadays have a better survival of their prosthesis. However, due to a change to a more complex case mix, overall
results appear to be worse.

Materials and methods All men who underwent implantation of an AUS between 2001 and 2016 because of urethral
sphincter deficiency were retrospectively analyzed. Patients were divided in groups based on date of surgery and number
of patients: 2001-2009 (G1), 2010-2013 (G2), 2014-2016 (G3). Baseline characteristics and additional therapies prior to
implantation were analyzed in all groups. Risk factors for failure only in G1 and G2. Revision or explantation of the AUS
was used as endpoint. Kaplan—Meier analysis was used to calculate survival of the device.

Results A total of 129 patients (mean age 72 +9 years) underwent 129 primary implants, and 11 secondary implants. Median
follow-up was 5.74 years in G1, 3.26 years G2 and 1.54 years G3. Approximately 25% of the patients in G1 had received
adjuvant therapy for prostate cancer and 14% underwent previous surgery for incontinence. In G2, 51 and 55% underwent
adjuvant therapy for prostate cancer and previous surgery for incontinence, respectively, G3 was comparable. The overall
50% survival improved in patients with radiotherapy and previous incontinence surgery in G2 as compared to G1.
Conclusions Despite the more complex patient population, the survival of the AUS did not decrease. In some patient cat-
egories, the AUS functional survival is even still improving over the past few years.
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Introduction in functional survival of the AUS. We were questioning
ourselves why in certain patient groups the AUS survival

The results of male stress urinary incontinence (SUI) surgery ~ had decreased. Potential risk factors for revision and failure

have continued to improve after the artificial urinary sphinc-
ter (AUS) was first introduced by Scott et al. in 1972 [1]. The
AUS underwent several improvements and nowadays has a
success rate of about 88% for improving post-prostatectomy
incontinence, of whom 73% achieve total continence [2]. It
is considered the gold standard for treating non-neurogenic
male SUI [3, 4].

Our department has experience with the AUS since 1977.
Over the past years, we observed a change in patient pro-
files with respect to earlier treatments for SUI and addi-
tional treatments for prostate cancer. We also saw a change
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are additional therapy for prostate cancer, previous urethral
surgery for incontinence, diabetes mellitus and neurogenic
etiology [5].

The surgical team including urologist and scrub nurses
has been the same for 15 years and the safety procedures
on the operation room have developed to more severe rules
with strict adherence to protocols. Therefore, we expected
better results during recent years. To have more insight, we
analyzed our AUS series and tried to define causes that could
influence the functional survival of the AUS.
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Materials and methods

All men who underwent implantation of an AMS800™
AUS (Boston Scientific Corporation USA) between Janu-
ary 2001 and October 2016 because of sphincter deficiency
were retrospectively evaluated. Patients were put in three
groups based on the date of surgery: 2001-2009 (G1),
2010-2013 (G2) and 2014-October 2016 (G3). Base-
line criteria, additional therapy for prostate cancer and
for incontinence or for urethral problems, survival of the
AUS and comorbidities were extracted from patient files.
Risk factors for failure of the AUS were analyzed in G1
and G2 separately. Risk factors for shortening of the sur-
vival of the AUS are listed in Table 1 [5]. Both G1 and G2
had almost similarly number of patients. The revision-free
survival period could only be calculated for G1 and G2,
because of the smaller sample size of G3 and the shorter
period of follow-up. Statistical analysis was performed
using SPSS 22.0 (SPSS, Chicago, IL). Kaplan—-Meier
curves were used to estimate the survival of the device.
Revision or explantation of the AUS was used as survival
endpoint. For all survival curves, the 50% survival time
of the AUS in each group was determined. This study was
approved by the local medical ethics review committee.
The principles of the Helsinki Declaration were followed.

Results

From January 2001 to October 2016, a total number of
129 patients (age 72 +9 years) underwent 308 procedures:
129 times a primary implant was done, 11 times a second-
ary implant after earlier removal was performed, and 168
times a revisions of one or more components of the AUS
was done. The median follow-up was 5.74 years in the
group 2001-2009, 3.26 years in the group 2010-2013. All
patients were followed until explantation/revision or 30th
January 2017. There was an increase in number of patients
with known risk factors for shortening of the revision-free
survival period of the AUS besides diabetes mellitus and
patients with strictures preoperative. 25% of the patients in
G1 had had received additional therapy for prostate cancer
and 14% underwent previous surgery for incontinence. In
G2, 51 and 55% underwent additional therapy for prostate
cancer and previous surgery for incontinence, respectively.
In G3, 45% underwent additional therapy for prostate can-
cer and 45% had had previous urethral surgery. Baseline,

Table 3 Additional therapies before placement of AUS in both
patient groups

2001-2009 2010-2013 2014-2016

n=57(%) n=54%) n=29 (%)
Adjuvant therapies 25 52 45
Radiotherapy 17.5 29.6 27.6
Chemotherapy 1.8 1.9 -
Hormonal therapy 53 16.7 17.2
Cryotherapy - 3.7 -
Table 1 Risk factors associated with shortening of survival of AUS Previous incontinence 14 55 45
Risk factors for shortening of the AUS survival ;iig;ry 7 133 45
Neurogenic etiology Flowsecure - 5.6 -
Adjuvant therapies and/or pre-AMS urethral stricture ProAct 7 7.4 3.4
Diabetes mellitus Multiple - 9.3 6.9
Previous urethral surgery for incontinence Endoscopic urethrotomy 16 17 10
Tab|e2. Bageliqe characteristics 2001-2009 2010-2013 2014-2016
for patients in different group
Number of implanted AUS 57 51 29
Age 76 75 68
Median follow-up in years 5.74 3.26 1.54
Etiology of incontinence
RRP 78.9% 75.9% 86.2%
TURP 14.0% 16.7 10.3%
Neurogenic 5.3% 3.7% 3.4%
Others 1.8% 3.7% -
Diabetes mellitus 17.5% 16.7% 17.2%
Preoperative urethral stricture surgery 15.8% 16.7% 10.3%
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demographic characteristics and additional treatments are
listed in Tables 2 and 3.

The revision-free estimated overall survival of the AUS
in G1 and G2 (n=111) was 5.46 years (Fig. 1a). The 50%
revision-free survival of G1 (n=57) and G2 (n=54) sepa-
rately (Fig. 1b) was 5.61 and 5.19 years, respectively. G3
(n=29) was not included because of a smaller sample size
and a shorter period of follow-up.

Subsequently revision-free survival was determined in
patients with risk factors for shortening of the survival of
the AUS in G1 and G2. The revision-free survival in all
patients with preoperative an urethral stricture in G1 (n=9)
was 2.64 versus 1.28 years in G2 (n=9) (Fig. 2a, p=0.939).

Fig. 1 a Revision-free estimated 100+
survival of AUS in G1 and G2
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The 50% survival of the AUS in G1 (n=10) in patients with
diabetes mellitus was 3.02 years in contrast to 2.32 years in
G2 (n=9). p value is 0.535.

Survival of the AUS in patients with previous incon-
tinence surgery was also assessed (Fig. 3a). Patients who
underwent placement of a sling, Flowsecure and/or ProAct
were included. In G2 (n=30), we found an 50% survival
of 2.89 versus 1.106 years in G1 (n=38), p value is 0.411.
Analysis between the different types of previous inconti-
nence surgery could not be done because of small sample
size (Sling; G1 n=4 and G2 n=18).

Likewise, the survival of the AUS in patients with adju-
vant anticancer therapy (Fig. 3b) was calculated. In G1
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Fig.2 a Revision-free estimated 100
survival of AUS in all patients

with preoperative urethral 904L
stricture defined in G1 (n=9)
and G2 (n=9). b Revision-free 80
estimated survival of AUS in all
patients with diabetes mellitus
defined in G1 (n=10) and G2
(n=9)
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(n=14), the 50% survival for patients with adjuvant can-
cer treatment was 4.5 years. However, in G2 (n=28), the
50% survival period has not yet been reached (p =0.726).
Figure 3¢ shows the survival of patients with adjuvant
radiotherapy only. They did not receive any other addi-
tional cancer therapy such as chemotherapy or hormonal
therapy. In G1 (n=10), the 50% survival is 1.80 years,
in G2 (n=16) the 50% survival period has not yet been
reached, but already improved compared to G1 (p =0.160).
As well as in the group of previous incontinence surgery,
further subdivision apart from radiotherapy was not done,
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because of small sample size (i.e., chemotherapy, hormo-
nal therapy and cryo therapy).

Finally, we determined the revision-free estimated sur-
vival of the artificial urinary sphincter. The survival of the
AUS was higher if risk factors were excluded. Known risk
factors for shortening survival of the AUS are anticancer
treatment (i.e., radiotherapy, chemotherapy), previous ure-
thral surgery (i.e., sling), neurogenic etiology and diabetes
mellitus (5). G1 and G2 were compared and there was no
negative difference in survival for G2 (n="7). In G2 the
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Fig.3 a Revision-free estimated
survival of AUS in all patients
with previous incontinence
surgery in G1 (n=28) and

G2 (n=30). b Revision-free
estimated survival of AUS in

all patients with adjuvant anti-
cancer treatment in G1 (n=14)
and G2 (n=28). Figure 3 ¢
Revision-free estimated survival
of AUS in all patients with
adjuvant radiotherapy only in
G1 (n=10) and G2 (n=16)
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50% survival has not yet been reached, in G1(n=29) this
is 8.83 years (Fig. 4).

Discussion

Rates of incontinence after surgery for benign diseases are
similar across the various treatment modalities, but were
slightly higher after open prostatectomy for benign disease,
ranging from O to 8.4% according to international consulta-
tion on incontinence [6]. The incidence of incontinence after
radical prostatectomy for malign disease has been a source
of controversy because reported rates varied greatly from
0.8 to 87% [7-13].

Treatment for SUI starts with first-line conservative treat-
ments; these include pelvic floor muscle training with or
without biofeedback, electrical stimulation, lifestyle adjust-
ments and external penile compression [13]. In patients with
persistent SUT after conservative treatment surgery is recom-
mended. At present, AUS is the gold standard for surgical
treatment of persistent moderate and severe SUI [3, 4].

Although the AUS is the gold standard for SUI in men,
it is not perfect. Limitations of the AUS are the requirement
of manual dexterity to operate the device, experienced sur-
geons, a pre-set geometry in the cuff diameter and the inabil-
ity to alter the cuff pressure and to correct for delayed tissue
atrophy without further surgery [14, 15]. In the past decade,
several minimal invasive treatment options for SUI have
been developed, because of these limitations of the AUS.

Over the years, the number of therapies for prostate can-
cer has increased. These therapies include more aggressive
local therapy and early combinatory therapy in patients

with high-risk metastatic hormone-sensitive prostate can-
cer. Mostly because of implementation of new guidelines
based on research for early additional therapies in patients
with prostate cancer, for example, implementation of STAM-
PEDE [16] or early radiotherapy [17]. These implementa-
tions will result in a more diverse patient population in
future.

Data were analyzed because we experienced an increase
in revisions after AUS implantation over the past few years
in our center. We expected the opposite and wondered
what the cause of the increase in revisions was. Our team
had gained more experience, operating room (OR) rou-
tine to prevent surgical infections had become more strict
over the years and operative technique stayed the same.
Hence, we analyzed the change in patient profile over time.
Known risk factors for AUS survival shortening are radio-
therapy, prior explantation for infection/erosion, prior ure-
throplasty, prior sling, prior tandem cuff, post implantation
urinary retention, history of bladder neck contractures/
procedures, and history of Urolume stent placement [18].
We found a decreasing trend in the number of patients
who did not have any risk factors for shortening survival
of the AUS. In G1, there were 29 patients without any risk
factors for shortening of the survival, compared to seven
patients in G2. Though there was no significant difference
in survival in G2 comparing to G1 or vice versa, which
means the AUS survival of patients without risk factors
has not changed over the past few years. However, we
found an increase in patients with previous incontinence
surgery and/or adjuvant prostate cancer therapy. This is
in line with the trend that shows when patients present
with incontinence because of treatment for prostate cancer,
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they often had multiple additional treatments for prostate
cancer and/or for the complications of the prostate cancer
treatments. Patients might have undergone several addi-
tional treatments after radical prostatectomy (i.e., cryo-
therapy, radiotherapy, hormonal deprivation therapy) and
there are several options for correcting urinary inconti-
nence caused by radical prostatectomy (i.e., Sling, Pro Act
Balloon or Flowsecure). Altogether, patients nowadays are
more complex based on their medical history (previous
cancer therapy, previous incontinence surgery, DM).

Despite the change in patient population, as described
above, we observed an improvement of revision-free period
in some groups with risk factors. For instance, radiotherapy
is a risk factor for shortening survival of the AUS. Radio-
therapy targeted at the prostate invariably induces urethral
changes, alters bladder wall structure and detrusor func-
tion [19, 20]. Nevertheless, we observed improvement in
survival of the AUS over the past few years after adjuvant
radiotherapy. This is in accordance to the outcomes of a
retrospective review of Gomha and Boone [21]. Jhaver
et al. also concluded radiotherapy does not alter the func-
tionality (incontinence rates) and outcomes (rate of sphinc-
ter revision, erosion, infection and removal) [22]. On the
contrary, Guillaumier et al. found significant differences in
the radiation group. In their series, the continence rate was
56% in contrary to 89% who did not had radiotherapy after
prostatectomy [23]. We demonstrated functional survival is
improving over the years in patients with prior radiotherapy
(Fig. 3).

Ziegelman et al. described that patients who underwent
a male urethral sling for the treatment of SUI prior to pri-
mary AUS placement had no significant difference in over-
all 3-year survival than those patients without a prior sling
procedure [24]. Our study shows a significant improvement
of the survival-free period in G2 after previous incontinence
surgery. Most of the patients who underwent incontinence
therapy before implantation of an AUS received a sling prior
to an AUS. This means the outcome in patients undergoing
AUS placement after prior sling implantation is still a viable
option.

This analysis has shown that the patient population is
changing over the past few years. We observed a more
complex patient population due to more diverse additional
therapies for prostate cancer and previous incontinence ther-
apy. However, the revision-free period was not affected in
patients without risk factors. In addition, we identified that
implantation of an AUS adjuvant radiotherapy and previous
incontinence surgery has better outcomes nowadays. On the
other hand, we found that patients who underwent multiple
incontinence surgeries prior to implantation of an AUS have
shorter AUS survival. Unfortunately not in every one uro-
dynamics were done and the existence of smoking was not
assessed as well as an objective measure of incontinence

severity. This could have provided a better clarification of
the outcome.

This study is, to the best of our knowledge, unique
because of the longitudinal character. We did not use any
time-points for follow-up. For that reason we can compare
the groups over a longer time of follow-up. Conclusions for
the clinical setting are: patients with prior incontinence sur-
gery or radiotherapy could expect an improved revision-free
survival comparing to a couple of years ago. However, when
patient did have more treatments for incontinence prior to
implantation of the AUS, we still expect a shorter revision-
free overall survival. This is valuable information for the
counseling of patients prior to implantation of an AUS.

The limitations of this study are the retrospective charac-
ter, the single-surgeon cohort and the small number patients
in the subgroups. Therefore, prospective, longer term, higher
volume and possibly multi-institutional studies are war-
ranted. The ongoing Saturn study from the European Asso-
ciation of Urology (EAU) Research Foundation is a very
good step to achieve this [25].

Conclusion

Despite the changing patient population, where patients do
have a more complex medical history, the survival of the
artificial urinary sphincter is not decreasing. After correction
for risk factors there is a stable revision-free survival period
since 2001. In some patient categories (previous radiother-
apy or a male sling), the AUS function survival is even still
improving over the past few years.
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