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Article history: Background and objective: Urology is characterized by continuous innovation. The

Accepted February 6, 2025 inception of robot-assisted radical prostatectomy (RP) marked a pivotal technolog-
] ] ical advance and further advances in digital treatment options for stress urinary

Associate Editor: incontinence (SUI) are emerging. Our aim was to assess patient willingness to

Véronique Phe receive an electronic artificial urinary sphincter (eAUS) implant and identify asso-

ciated concerns.
Keywords: Methods: Patients who received a first AUS implant (AMS800 system) for post-RP
Incgnt}nence . SUI from March 2013 to December 2023 were included. An anonymous survey
Artificial male sphincter . . . .
Technology was usec! to collgct data on demographics, current AUS' satisfaction, Qally technol-
ogy use, interest in an eAUS, and concerns about potential eAUS technical malfunc-
tions. Data were analyzed using SPSS, with significance set at p < 0.05.
Key findings and limitations: Out of 345 patients, 208 (60.2%) completed the ques-
tionnaire. The majority were aged 71-80 yr (51.7%) and had a university education
(37.7%). Satisfaction with their AUS was high: 79.8% of the respondents were satis-
fied, 88.9% were satisfied with its handling, and 89.4% would choose an AUS
implant again. Notably, 60.4% showed interest in an eAUS, with younger respon-
dents and those who use technology on a daily basis expressing greater interest.
Preferred control methods included remote-based (78.4%) and smartphone-based
(60.0%) options. Concerns about system malfunction (66.4%), connection loss
(65.9%), and battery issues (60.0%) were prevalent.
Conclusions and clinical implications: There was significant patient interest in an
eAUS in our survey, especially among younger individuals and those who use tech-
nology daily. Despite high satisfaction with current AUS devices, addressing poten-
tial technical malfunctions and patient concerns is crucial for broader acceptance of
an eAUS. Patient concerns about technological malfunctions seem to outweigh
worries about medical issues.
Patient summary: Urology is becoming more advanced with technologies like
robotic surgery and electronic artificial urinary sphincters (eAUS). According to
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our survey, most patients are happy with their current sphincters and are open to
eAUS, especially younger patients who are familiar with technology. However,
patients are concerned about system malfunctions and connection loss. More
research is needed to address technical issues and patient concerns.

© 2025 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

1. Introduction

Urology is a discipline of innovation. In 2000, the first robot-
assisted radical prostatectomy (RARP) was performed [1],
marking the beginning of a technical revolution in urologi-
cal surgery, with RARP accounting for 85% of RP procedures
in the USA by 2013 [2]. There is also ongoing digitalization
in urology, including new perioperative imaging technolo-
gies such as superimposed magnetic resonance imaging-
based three-dimensional models of the prostate on the
video display of robotic surgical systems [3,4].

Digitalization and technology are also yielding advances
for stress urinary incontinence (SUI), a condition affecting
up to 20% of patients after RP despite conservative treat-
ments such as physiotherapy [5,6]. After failure of conserva-
tive measures, surgical solutions are an important part of
the treatment armamentarium for SUIL. For male patients
with severe SUI, the European Association of Urology guide-
lines recommend implantation of an artificial urinary
sphincter (AUS) [7]. These systems show cure rates up to
90% [8]. Since the introduction of the first AUS in the
1970s by Dr. Brantley Scott, these devices have been modi-
fied several times [9-11]. In 2023, UroMems, a French com-
pany founded in 2011 to develop innovative solutions for
SUI treatment, announced the first ever implantation of
UroActive, an automated electronic AUS (eAUS), in a patient
with promising results [12]. The UroActive myoelectrome-
chanical system allows occlusive pressure on the urethra
to vary instantly based on patient activity. Activation and
manual pressure regulation can be performed wirelessly,
such as via a smartphone, and a remote control enables
the patient to void [13]. A recent study demonstrated that
UroActive implantation is feasible in men [14]. Introduction
of eAUS devices has the potential to improve AUS handling
because of greater user friendliness for patients and medical
staff. Complications such as urethral injury frequently result
from catheterization performed without proper deactiva-
tion of the device, often necessitating AUS explantation. In
addition, pump migration can cause discomfort or impair-
ment of device function, in the worst case leading to com-
plications such as retention or renal failure [15]. eAUS
devices could mitigate such complications by offering more
user-friendly handling. Another advantage is the possibility
of adjustment of the cuff closing pressure [16]. This could
support continence in stressful situations (eg, during sports
activities) and might reduce the risk of urethral erosion.

It seems that innovation in urological therapies extends
beyond the operating theater to the treatment of SUI and
that current treatment strategies now face a digital and
technical revolution. However, there have been no studies

on patient preferences and needs regarding eAUS devices.
Consequently, the aim of this study was to determine if
patients suffering from SUI would be interested in an eAUS
implant to reduce their incontinence and to identify poten-
tial concerns about this new technology.

2. Patients and methods

2.1. Patient population

Patients who received a first AUS implant for treatment of
severe post-RP SUI between March 2023 and December
2023 in our tertiary referral center were included in the
study. Patients who received a second implant or exchange
of the whole system or parts were excluded. The AMS 800
system (AMS/Boston Scientific, Marlborough, MA, USA)
was the sole implant used, and the procedure was per-
formed using the perineal approach previously described
at our institution [17]. All patients were treated by two
surgeons.

2.2. Creation of the questionnaire

An anonymous questionnaire consisting of 14 questions
was developed (Supplementary material) by a group of
three urologists with extensive expertise in incontinence
treatment. General questions addressed the patient’s age,
highest level of education, and previous medical conditions.
Specific questions on the current AUS implant included the
time since implantation, the patient’s satisfaction with its
handling, and whether the patient would choose to undergo
the procedure again. The questionnaire also evaluated daily
use of technologies such as smartwatches and smartphones.

Patients were also asked about their interest in implan-
tation of an eAUS, their preferred method of operation for
this device, and whether they would like to be able to adjust
the sphincter closing pressure according to their activity
level. In addition, there were questions on concerns regard-
ing technical malfunctions or medical complications related
to an eAUS. An English translation of the questionnaire is
provided in the Supplementary material. As this is the first
study investigating patient interest in an eAUS, validation of
the questionnaire was not possible. No pretesting of the
questionnaire was performed.

All patients received a letter containing the question-
naire and a specific QR code that enabled them to complete
the questionnaire online. Patients who chose to respond on
paper could return their answers free of charge. The invita-
tion letter informed patients that the eAUS is still in the
developmental stage and that its long-term function and
safety have not yet been investigated. It was assumed that
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the long-term functional results would be the same with
the eAUS as with a conventional AUS. The study and the
questionnaire were approved by the local ethics committee
of LMU University Hospital (reference 24-0131 KB).

2.3. Statistical analysis

Statistical analyses, reporting, and interpretation of the
results were conducted in accordance with the guidelines
for reporting of statistics for clinical research in urology
[18]. Statistical analysis was performed using SPSS v29
(IBM, Armonk, NY, USA). The Shapiro-Wilk test was used
to assess whether variables followed a normal distribution.
Descriptive statistics are reported as the median and mean
for continuous variables, and the frequency and proportion
for categorical variables. Binary logistic regression analysis
was used to determine the factors influencing patient open-
ness to an eAUS system. Adjustments were made for con-
founding factors such as age, education, and technological
interest. A two-sided p value of <0.05 was considered statis-
tically significant.

3. Results

3.1. Baseline characteristics

Overall, 345 patients received an AUS implant between
March 2013 and December 2023. Of these, 208 patients
(60.2%) participated in the study and completed the ques-
tionnaire. Fourteen patients (4.1%) had died and another
14 (4.1%) did not receive the letter because of a change in
address (Fig. 1).

Baseline characteristics are listed in Table 1. A total of 36
participants (17.3%) completed the questionnaire online
(Table 2). The majority of the participants were aged 71-
80 yr (107/208; 51.7%) and had completed either university
education (78/208; 37.7%) or vocational training (74/208;
35.7%). The most prevalent comorbidities were oncological
(172/208; 83.1%) and cardiovascular diseases (96/208;
46.4%) and diabetes (39/208; 18.8%). In most cases, the

Patients who received a first AUS implant
between 03/2013 and 12/2023 who were
sent a questionnaire

n =345

Table 1 - Baseline characteristics

Parameter Patients, n (%)
Age group (yr)
50-60 9 (4.3)
61-70 33 (15.9)
71-80 107 (51.7)
81-90 58 (28.0)
Highest educational level
Secondary school certificate 24 (11.6)
Higher school certificate 3(1.4)
Vocational training 74 (35.7)
University education 78 (37.7)
PhD thesis 14 (6.8)
No answer 15 (7.0)
Comorbidities
Cardiac comorbidities 96 (46.4)
Neurological comorbidities 25(12.1)
Diabetes 39 (18.8)
Musculoskeletal comorbidities 34 (16.4)
Oncological comorbidities 172 (83.1)
Other 21(10.1)
None 9(4.3)
Online completion of the questionnaire 36 (17.3)
How long ago was your sphincter implanted? (yr)
<1 24 (11.6)
1-2 36 (17.4)
3-5 64 (30.9)
6-10 69 (33.3)
>10 12 (5.8)

AUS implant was received 6-10 yr before the survey
(69/208; 33.3%).

Overall, 166 patients (79.8%) were currently satisfied
with their AUS. In addition, 185 patients (88.9%) were satis-
fied with the handling of their AUS and 186 (89.4%) would
opt for an AUS implant again (Table 2).

3.2 Interest in an eAUS

A total of 125 patients (60.4%) expressed interest in an
eAUS. Interest in the eAUS varied significantly across age
groups (p = 0.06), with younger age groups reporting higher
interest. Notably, the group of participants who answered
the questionnaire online had a higher eAUS interest rate
(p <0.001). Daily use of various technologies also correlated
with interest in an eAUS (p < 0.008). Users of technology,
especially those using a smartphone (p < 0.001), tablet

- Patient died: n=14

v

—> - AUS explanted: n=1

Patients who completed the questionnaire

n=208

Fig. 1 - Study flowchart. The questionnaire was sent to 345 patients who received an artificial urinary sphi

- Letter not delivered: n = 14

ter (AUS) i between March 2013 and

December 2023, of whom 208 completed the questionnaire. For one patient, the AUS was explanted, 14 patients died, and the letter was not delivered because

of a change in address for another 14 patients.
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Table 2 - Survey results on demand for an electronic artificial urinary sphincter

Question Response, n (%)
Would you be open to receive an electronic artificial urinary sphincter?
Yes 125 (60.4)
No 73 (35.3)
No answer 9 (4.3)
If yes, how would you like to control your electronic artificial urinary sphincter?
App-based on a smartphone 75 (60.0)
App-based on a smartwatch 34 (27.2)
Remote-based 98 (78.4)
Would you like to be able to change sphincter closing pressure in relation to the situation (eg, sport/sleep)?
Yes 115 (92.0)
Category Interested in an electronic artificial sphincter, n (%) p value
No Yes
Age group (yr) 0.006
50-60 0(0.0) 9 (100.0)
61-70 7 (21.2) 26 (78.8)
71-80 39 (38.6) 62 (61.4)
81-90 27 (49.1) 28 (50.9)
Currently satisfied 59 (35.5) 107 (64.5) 0.457
Would choose again 64 (344) 122 (65.6) 0.002
Happy with handling 66 (35.7) 119 (64.3) 0.189
Online questionnaire 3(8.8) 31(91.2) <0.001
Daily technology use
Smartphone 43 (29.5) 103 (70.5) <0.001
Tablet 10 (17.9) 46 (82.1) <0.001
Smartwatch 3(15.8) 16 (84.2) 0.051
Computer 37 (29.6) 88 (70.4) 0.010
None 8 (47.1) 9 (52.9) 0.331
Any technology 55 (32.9) 112 (67.1) 0.008

(p < 0.001), or computer (p < 0.01), were significantly more
interested in implantation of an eAUS. Concerning eAUS
handling and operation, the majority of participants
(78.4%) would prefer a remote-based control system, fol-
lowed by app-based control via a smartphone (60.0%). In
addition, 115 participants (92.0%) would value ability to
adjust the eAUS closing pressure according to their activity
level. These and further results are presented in Table 2.
There were no significant differences in interest in an
eAUS on stratification by pre-existing medical conditions
(cardiovascular diseases p = 0.15; neurological diseases
p = 0.22; diabetes mellitus p = 0.55; musculoskeletal dis-

eases p = 0.94; oncological diseases p = 0.47; other diseases
p = 0.28).

3.3. Concerns regarding eAUS complications

Regarding potential eAUS complications, the majority of
participants expressed concern about potential malfunction
of the system (138/208; 66.4%), loss of connection between
the remote control and the eAUS (137/208; 65.9%), and bat-
tery malfunction (125/208; 60.0%). By contrast, only a few
participants expressed concern about medical complica-
tions such as infection and urethral erosion (Fig. 2).

What would be your main concerns regarding the eAUS?

None [IE]
Other 20
Infections 42
Bleeding 2
Urethral erosion 45
Malfunction of sphincter
Connection loss (remote system)
Hacking attack (app/system)

Battery malfunction

o

!!

100 150 200

m Total: 208 respondents

Fig. 2 - Participant concerns regarding an electronic artificial urinary sphincter (eAUS).
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4. Discussion

Since the advent of robotic surgery, urology has been expe-
riencing a technical and digital revolution. Introduction of
an AUS in the early 1970s represented a major advance in
the treatment of SUI, and this device has now been used
in clinical practice for more than 50 yr. Recent innovations,
such as adjustable cuffs, have further refined this technol-
ogy [19]. The next anticipated advance is the introduction
of an eAUS. However, it is not known whether this innova-
tion for the treatment of SUI will be accepted or desired by
patients. Therefore, we conducted a single-center investiga-
tion to assess the interest in an eAUS among patients with
post-RP SUI who had already undergone implantation of
an established AUS system.

Our results show that nearly 80% of the survey respon-
dents are currently satisfied with their AUS, and nearly
90% are happy with the current handling of their AUS and
would opt for implantation again. Similar rates of satisfac-
tion were reported in different studies (between 19% and
45% of patients were satisfied, and between 28% and 58%
were very satisfied) [20,21]. The data indicating that a low
proportion of patients are unsatisfied with their AUS may
explain our response rate of 60%, as patients who are satis-
fied may have been less inclined to complete the question-
naire as a means to make their dissatisfaction known. By
contrast, the high eAUS interest across all age groups may
explain why the response rate was as high as 60%.

It is important to note that we assumed that an eAUS
would perform similarly to the current AUS in terms of both
incontinence control and complication rates. Patients were
informed that actual outcomes remain unknown, as the
eAUS is not yet in routine clinical use, and no comparative
studies between the eAUS and the current AUS are avail-
able. Should the results of the eAUS prove to be either supe-
rior or inferior, patient interest in the device may vary
accordingly.

The vast majority of our survey respondents were aged
>70 yr. Although all age groups expressed interest in eAUS
implantation, subgroup analysis revealed that especially
younger patients. This is in line with other studies showing
that in the older population, younger individuals are more
likely to engage with new technologies such as smart-
phones [22,23].

Previous studies have explored modifications to existing
AUS systems (eg, AMS 800) that involved integration of
electromagnetism or remote controls [11]. The first proce-
dures to implant an eAUS (UroActive) in six male patients
(median age 69 yr) who were incontinent after RP have
shown promising results [14,24]. No malfunctions or com-
plications have been reported so far. Given that system mal-
function was the most frequent concern among our study
participants, further investigations into this issue are neces-
sary. At 3 mo after activation of the UroActive device,
patients averaged approximately 8 micturitions per day
and spent 7 h each day with low-pressure settings. Further-
more, patients experienced an increase in continence rate of
>50% on a 24-h pad test. The authors concluded that the
UroActive device met the safety and efficacy criteria after
3 mo, thus allowing them to continue the study [24].

If eAUS implants emerge as a new treatment option for
male SUI in the future, careful selection of suitable patients
will be necessary, and the needs and concerns of individual
patients should be addressed. Our study demonstrated that
patients with higher technical affinity and use are more
likely to be open to an eAUS implant. This finding aligns
with research indicating that the adoption of new technolo-
gies is often related to the knowledge and skills of potential
users [25]. Furthermore, no significant differences in prefer-
ences were observed in subgroups with different comor-
bidities and pre-existing conditions. This factor does not
appear to influence the interest in new technology. In a
study by Korchut et al [26], patients with neurological dis-
eases such as multiple sclerosis reported that technical
was very helpful in managing their daily lives. A possible
explanation for our observation is that our study exclusively
involved patients who already had an AUS implant and had
sufficient manual skills at the time of implantation. If
patients without prior AUS experience were asked the same
question, pre-existing comorbidities might have a greater
influence on their interest in the new technology.

As the majority of our respondents identified potential
malfunction of the system, loss of connection between the
remote control and eAUS, and battery malfunction as con-
cerns, these issues must be considered during eAUS devel-
opment. The device should incorporate options for manual
operation without reliance on electricity, along with nonin-
vasive charging methods or long-lasting batteries. Further-
more, rigorous reliability testing is essential to ensure
patient confidence in the eAUS system.

Interestingly, we observed that most participants would
prefer a remote control for eAUS operation rather than an
app on their smartphone or smartwatch. Consistent with
previous studies, a smartphone was the technology most
frequently used by older people [22]. One potential reason
may be concern about loss of connection between the
smartphone and the eAUS or a fear of system hacking that
can occur with smartphones [27]. Previous research demon-
strated that older people do not use new technologies such
as the internet because they feel that new technologies are
too complex and too insecure [23]. The 2015 Austrian mobi.
senior.A study investigated the use of smartphones and
tablets by older people. The results showed while easy use
of apps is important for acceptance, most apps had usability
issues because of their complexity [28]. Challenges such as
use of a touchscreen, fear of damaging the device, and con-
cerns about incurring costs because of misuse have been
noted [29]. As older individuals are probably more familiar
with the use of remote controls for devices such as televi-
sions, the perceived simplicity of remote controls may
explain their preference in the current study. Nevertheless,
a 2011 study showed that older adults represent an excel-
lent market for disruptive innovations, as this group has
an increasing demand for affordable, user-friendly products
and new services [30,31]. This may explain why older par-
ticipants also expressed an interest in eAUS. Rodler et al
[3] found that urological patients are willing and open to
trying digital therapeutics.

In the future it will be essential to identify suitable can-
didates for eAUS implantation. Our results indicate that
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while a majority of our respondents were interested in
eAUS implantation, the interest was particularly high
among frequent users of technology, younger patients, and
those with a higher level of physical activity. Pre-existing
medical conditions or educational background did not seem
to have any influence on eAUS interest. It is necessary to
address the concerns identified by our respondents. Finally,
further investigation is needed on how to prevent malfunc-
tions and develop strategies to address these problems to
provide maximum safety for patients.

Our study is not devoid of limitations. First, we were not
able to use a validated questionnaire as this is the first study
to evaluate the interest in an eAUS. Despite being the only
survey to date on eAUS interest, with a high response rate,
the study primarily reflects general interest and does not
provide a detailed assessment of individual patient needs.
Another limitation is the single-center setting. Furthermore,
as the response rate was not 100%, we cannot fully deter-
mine the urgency of the eAUS demand. Presupposing that
long-term eAUS functional results and complications could
be the same as with conventional devices could also explain
the responses. A multicenter study involving centers in dif-
ferent countries could help in gaining a better picture of
patients needs and wishes regarding eAUS. However, we
believe that our response rate of 60% shows the significance
and relevance of this topic and the need to address eAUS
options in the near future.

5. Conclusions

Urology is experiencing a transformative shift towards dig-
italization and technological innovation, extending from
robot-assisted surgeries to the development of an eAUS.
Our study demonstrates that a substantial majority of
patients are satisfied with their current AUS and are open
to the potential benefits of an eAUS, with younger and tech-
nologically adept patients showing particularly high inter-
est. There is high patient interest in an eAUS, but such a
device is still in the development phase. Owing to the aging
global population, we expect that the demand for an eAUS
will be significant, so intensive research and development
are necessary. Our survey results highlight the critical need
for further investigation into potential technical malfunc-
tions, patient concerns, and adaptation of this technology.
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