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Introduction The study aimed to evaluate the outcomes of artificial urinary sphincter ZSI 375 implantation for stress urinary incontinence, focusing on quality of life assessment (QoL).
Material and methods The study had a prospective and non-randomized design. It was conducted
in two urological centres in Poland. Between July 2013 and June 2019, artificial urinary sphincter ZSI 375
was implanted in 86 consecutive men with stress urinary incontinence. The follow up was completed
in December 2019. The assessment of functional results was based on number of pads used and declared
to have been used by patients. The quality of life was assessed on the basis of the ICIQ-SF questionnaire
(International Consultation on Incontinence Questionnaire-Short Form), SF-36 questionnaire
(Short Form 36 Health Survey Questionnaire) and the severity of pain by means of the NRS (numerical
rating scale of pain intensity).
Results The operations were performed in 86 patients aged 28 to 80 (median 69). With the median (SD;
range) follow-up of 21 (20.2; 1–68) months, daily pad usage decreased significantly from ≥4 to 1.1 (±0.97
pads) per day. Seven (8.1%) patients achieved total continence, 60 (69.8%) social continence, 14 (16.3%)
improvement and 5 (5.8%) failures (≥4 pads per day). 15 patients (17.5%) experienced complications after
surgery. The study showed a significant improvement of QoL evaluated by ICIQ-UI SF and SF-36.
Conclusions Therapy with the use of ZSI 375 device is successfully applied in surgical management
of moderate to severe male stress urinary incontinence. The life quality of patients assessed using questionnaires is at a high level.
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INTRODUCTION
Urinary incontinence (UI) affects up to 39% of men
and increases with age [1, 2, 3]. The most common
cause of stress urinary incontinence (SUI) in adult
men is iatrogenically induced insufficiency of the external urethral sphincter, resulting predominantly
from the radical treatment of prostate cancer [1, 2, 3].
The frequency of UI in men undergoing radical
prostatectomy ranges widely, from 5 to 48% [2, 3],
depending on the surgeon's experience, how the
problem is assessed, and how the definition of UI
Cent European J Urol. 2020; 73: 178-186

is interpreted [1, 2, 3]. Initial management of male
SUI consists of pelvic floor muscle training with
biofeedback. Should the conservative approach fail,
surgical intervention becomes inevitable. Currently,
there are several products available for operative
treatment of male SUI including artificial urinary
sphincter (AUS) AMS 800™ (Boston Scientific, Marlborough, USA) which is considered the gold standard
in the treatment of moderate to severe SUI in men
[1, 2, 3, 15-21]. ZSI 375 (Zephyr Surgical Implants,
Geneva, Switzerland) is a more recent invention,
with the first implantation completed in March 2009
doi: 10.5173/ceju.2020.0088

Central European Journal of Urology

179

[4–9]. The device itself is a one-piece AUS, which is
designed to be inserted, with a two-part device composition (cuff and pump connected via kink-resistant
tubing) to ease the ZSI implantation process. With
a lack of abdominal reservoir, the risk of damage to
either the bladder or to the bowel is minimised and
reduces operating time [4–9]. There is a dearth of literature assessing the outcomes and safety of ZSI implantation as well as studies assessing patient quality of life (QoL) after ZSI implantation. This study
evaluates the outcomes of ZSI implantation for SUI,
focusing on QoL assessment.

‘improved’ if they used both fewer than 2 pads per
day and 50% fewer pads than at baseline. Otherwise,
they were defined as ‘not improved’. Success was defined as finding the patient ‘cured’ and ‘improved’
following device activation. This study followed all
applicable laws and regulations, good clinical practice, and ethical principles, as described in the Helsinki Declaration of 1975, and revised in Tokyo
in 2008. The local Bioethical Committee approved
the study protocol.

MATERIAL AND METHODS

ZSI 375 is an AUS manufactured by Zephyr Surgical Implants (Geneva, Switzerland). It is a one-piece,
two-part device made of medical silicone, equipped
with an inflatable and adjustable cuff and a pressureregulating tank (Figure 1). ZSI 375 has two circuits:
a hydraulic circuit and a compensation pouch circuit
separated by a piston. The patient presses the pump
located in the scrotum to open the sphincter cuff surrounding the urethra. After micturition, the sphincter cuff automatically tightens around the urethra
within 2–3 minutes.

The patient population for this study was 86 consecutive male patients with iatrogenic SUI undergoing
ZSI artificial urinary sphincter (AUS) implantation
in two urological centres who were included into this
prospective cohort study. The pre-implantation evaluation comprised of the patient’s history, analysis
of voiding diaries (time and voided volumes, number
of pads used daily, UI episodes), clinical examination,
urethrocystoscopy, urodynamic assessment, ICIQ-SF
questionnaire (International Consultation on Incontinence Questionnaire-Short Form), and SF-36
questionnaire (Short Form 36 Health Survey Questionnaire). All patients had sterile urine at the time
of surgery and no bladder obstruction in the form
of urethral stricture or vesico-urethral anastomosis.
The lack of manual ability to manipulate the artificial sphincter pump was very important. All men
who suffered from SUI following radical treatment
of prostate cancer had a stable level of prostatespecific antigen (PSA) for the previous year prior
to the ZSI implantation. Before the ZSI implantation, 78 patients (90.6%) used ≥4 pads per day
(severe incontinence). Postoperative assessment
of patients included recording postoperative complications, the number of pads used per day, post-void
residual volume, ICIQ-UI SF, SF-36 questionnaires,
and a numerical rating scale for pain (NRS). Patient
evaluation was carried out during outpatient visits
at 1, 3, 6, and 12 months and every 6 months after activation of the ZSI. The continence spectrum
is defined based on number of pads used per day,
as follows:
• total continence = 0 pads per day
• social continence = 0 to 1 pad per day
• incontinence = more than 1 pad per day
• light incontinence = 2 pads per day
• moderate incontinence = 3 pads per day
• severe incontinence = 4 or more pads per day.
Patients were considered ‘cured’ if they used no pads
or used an occasional ‘security pad’, or considered

The device

Surgical technique
The surgical procedures were performed under general or regional anaesthesia, and a 16F Foley catheter was inserted for guidance. Patients were placed
in the lithotomy position and a traditional surgical
technique was used consisting of a perineal incision
for cuff placement and inguinal incision for pump
unit scrotal placement in all cases (Figure 2). A 12F
Foley catheter was inserted at the final stage of the
procedure and removed usually 24 hours afterwards.
Eight weeks later the AUS was activated in an out-

Figure 1. Artificial urinary sphincter ZSI 375.
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5, with a values range from 0 to 21 points. A higher
value means worse incontinence-related QoL [10].
The SF-36 questionnaire is used for subjective health
assessments [11, 12]. It consists of 11 questions containing a total of 36 statements to assess 8 indicators of QoL: physical functioning, limitations due
to physical health, limitations due to emotional problems, vitality, emotional well-being, social functioning, pain, and general health. Each category is placed
on a scale of 0 to 100, with higher values meaning
less disturbance in health [11, 12].

Statistical analysis
Figure 2. ZSI 375 sphincter cuff located around the urethra.

patient setting. A detailed description of the ZSI 375
artificial sphincter implantation procedure was presented in earlier publications [5, 7, 8].

Questionnaires and quality of life assessment
ICIQ-UI SF is a questionnaire used to assess the frequency, severity, and impact on quality of life of men
and women with UI in both clinical trials and daily
practice [10]. ICIQ-UI SF is validated for the assessment of UI after surgery in both men and women with
SUI (validation level: A). The ICIQ-UI SF questionnaire allows evaluation changes after conservative or
interventional treatment. The questionnaire consists
of 6 questions, 4 of which relate to UI, and the score
is the sum of the point value from questions 3, 4, and

The following methods were used in the statistical
analysis: Spearman rank correlations, Friedman
ANOVA and Kendall compliance coefficient, MannWhitney test, Kruskal-Wallis test, multivariate tables – chi-squared test with appropriate corrections.
For statistical evaluations the following was used:
TIBCO Software Inc. (2017), Statistica (data analysis software system), version 13. The level of statistical significance used for all analyses is alpha = 0.05
(it was assumed that the results are significant for
the test probability value, P-value <0.05).

RESULTS
A total of 86 patients with a median age of 69 years
(Q1 = 65.0; Q3 = 72.0; range: 28–80), had a ZSI 375
AUS device inserted due to iatrogenic SUI at two
Polish urological centres between July 2013 and
June 2019. Of these, 50 (58.1%) reported incontinence after radical prostatectomy (RP), 23 (26.7%)

Table 1. Causes and degree of urinary incontinence
Number of patients
Patients with the AUS ZSI 375

Percentage

Confidence interval
-95% CI

+95% CI

Percentage with 95%
confidence interval

86

Causes of urinary incontinence
RP

50

58.1%

47.0%

68.7%

58.1 (47.0–68.7)%

RP+RTH

23

26.7%

17.8%

37.4%

26.7 (17.8–37.4)%

RTH

2

2.3%

0.3%

8.2%

2.3 (0.3–8.2)%

TURP

7

8.1%

3.3%

16.1%

8.1 (3.3–16.1)%

Rect. surg.

1

1.2%

0.0%

6.3%

1.2 (0.0–6.3)%

HIFU

1

1.2%

0.0%

6.3%

1.2 (0.0–6.3)%

Injury

2

2.3%

0.3%

8.2%

2.3 (0.3–8.2)%

≥4

78

90.6%

82.3%

95.9%

90.6 (82.3–95.9)%

<4

8

9.4%

4.2%

17.7%

9.4 (4.2–17.7)%

Number of pads used before implantation

AUS – artificial urinary sphincter; RP – radical prostatectomy; RTH – radiation therapy; TURP – transurethral resection of the prostate; HIFU – high–intensity focused ultrasound
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after RP and adjuvant radiotherapy, 7 (8.1%) after
transurethral resection of the prostate (TURP),
2 (2.3%) after radical radiotherapy, and 4 (4.7%)
were incontinent after other procedures (rectal
surgery with urinary tract injury, high-intensity
focused ultrasound) (Table 1). No patient included
in the study had detrusor overactivity or urethral
or vesico-urethral anastomotic narrowing. The median (Q1; Q3; range) period of incontinence was
36 months (Q1 = 24.0; Q3 = 72.0; 11–204), and

79 patients (91.6%) were incontinent >1 year before
implantation. The follow-up finished in December
2019 and the median follow-up time was 21 months
(Q1 = 8,0; Q3 = 40,0; range: 1–68). Among the total patient population, 78 patients (90.6 %) were diagnosed with severe incontinence and used ≥4 pads
a day at baseline. The others (8 patients; 9.4%) suffered from moderate incontinence (Table 1). The
mean operative time was 89 minutes (SD: 24.1 min;
range 55–150 min).

Table 2. Treatment results and complications
Number of patients

Confidence interval

Percentage

-95% CI

+95% CI

Percentage with 95%
confidence interval

87.0%

98.1%

94.2 (87.0–98.1)%

Divisions of patients into a category of success and failure
Success

81

94.2%

Total continence

7

8.1%

3.3%

16.1%

8.1 (3.3–16.1)%

Social continence

60

69.8%

58.9%

79.2%

69.8 (58.9–79.2)%

Improvement

14

16.3%

9.2%

25.8%

16.3 (9.2–25.8)%

Failure

5

5.8%

1.9%

13.0%

5.8 (1.9–13.0)%

Occurrence of complications

15

17.5%

10.1%

27.1%

17.5 (10.1–27.1)%

No complications

71

82.5%

72.9%

89.9%

82.5 (72.9–89.9)%

Urethral erosion

11

12.8%

6.6%

21.7%

12.8 (6.6–21.7)%

Mechanical failure

4

4.7%

1.3%

11.5%

4.7 (1.3–11.5)%

Complications

Division of complications

Table 3. Results of the ICIQ-UI SF questionnaire (International Consultation on Incontinence Questionnaire-Short Form)
Observation time

Results of the ICIQ-UI SF questionnaire (0–21)
Average

Median

Minimum

Maximum

Standard deviation

19.5

20.0

11.0

21.0

1.7

1 month after activation

9

9.0

0.0

21.0

3.8

3 months after activation

9.2

9.0

0.0

21.0

3.5

6 months after activation

9.6

8.0

0.0

21.0

3.8

12 months after activation

9.8

9.0

0.0

21.0

3.6

18 months after activation

10.7

9.0

5.0

21.0

3.9

24 months after activation

10.6

9.0

5.0

21.0

4.2

30 months after activation

10.6

9.0

5.0

21.0

4.2

36 months after activation

10.8

9.0

5.0

21.0

4.1

42 months after activation

11.5

10.0

6.0

21.0

4.3

48 months after activation

12.1

14.5

6.0

21.0

4.7

54 months after activation

12.5

14.0

6.0

21.0

4.6

60 months after activation

11.8

14.0

6.0

16.0

4.1

66 months after activation

7.0

7.0

7.0

7.0

–

Before implantation

ICIQ-UI SF – International Consultation on Incontinence Questionnaire-Short Form
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At the median (Q1; Q3; range) follow-up of 21
months (Q1 = 8.0; Q3 = 40.0; 1–68), daily pad usage
decreased significantly from ≥4 to 1.1 (±0.97 pads)
per day at the last visit. Seven (8.1%) patients
achieved total continence, 60 (69.8%) social continence, 14 (16.3%) improvement, and 5 (5.8%) failures (≥4 pads per day) (Table 2). According to postoperative reductions in the number of pads used
per day, 67 patients (77.9%) were considered cured
(social continence including total continence), and
14 patients (16.3%) had improved by the last visit.
The ZSI system was considered successful (i.e. cured
or improved) in 81 (94.2%) patients by reducing
daily pad usage from ≥4 to 1.08 (±0.87) (Table 2).
Analysis of the demographic and clinical variables in
both successful and failure groups did not show statistically significant differences with regards to the
mean age of the patients, preoperative pad usage,
and duration of post-implantation follow-up period.
No male experienced bladder overactivity, chronic
urinary retention, scrotal discomfort caused by the
pump size, or any other adverse effect following the
sphincter activation. Fifteen patients (17.5%) experienced complications after surgery. There were
no cases of infection reported, but in 11 (12.8%)
cases urethral erosion was identified and it occurred on average at 13.5 months. Mechanical failure resulting in re-implantation of the ZSI occurred
in 4 patients (4.7%) (Table 2).

Quality of life assessments
ICIQ-UI SF questionnaire
A higher point value (0–21) in the ICIQ-UI SF questionnaire means greater problems with UI and thus
a lower QoL [10]. The analysis looked at the groups
of patients divided into success or failure, and the
group as a whole. In the group of all patients, the median point value before implantation of ZSI was 20.0

Figure 3. Results of the ICIQ-UI SF questionnaire before implantation of the ZSI 375 and after activation of the ZSI 375.

Figure 4. Results of the ICIQ-UI SF questionnaire before implantation of the ZSI 375 and after activation of the ZSI 375. Division
into a group of success and failure.
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(average 19.5) (Table 3). A statistically significant
difference (P <0.0001, Friedman ANOVA and Kendall compliance coefficient) was shown in the results
of the questionnaire between the period before the
implantation of ZSI and observation periods after the
activation of the artificial sphincter, as shown in the
Figure 3. When considering only the success group,
a statistically significant difference (P <0.0001)
was also shown from before and after implantation
of the ZSI (Figure 4). However, this significance was
not demonstrated in the failure group. The difficulty of this analysis was the very small (especially
in the long term) number of observations in the failure group. A significant difference was shown between the success group and the failure group for almost all variables, except age, follow-up time at ‘1m’
and ‘54m’, and ‘after 60m’ (Figure 4). Figure 4 shows
the average and median QoL (based on the ICIQ-UI
SF questionnaire) at particular moments with a distinction between ‘success’ and ‘failure’ patients.
The authors also investigated whether the cause of iatrogenic UI influences the QoL of patients according to
the ICIQ-UI SF questionnaire. Patients were divided
into three groups: RP (50 – SUI after radical prostatectomy), RP + RTH (23 – SUI after radical prostatectomy and radiation therapy), other (13 – SUI for any
other iatrogenic cause). A statistically significant difference (Kruskal-Wallis test) was found only after the
24 (P = 0.04) and 30 month (P = 0.03) observations
between the RP and other groups. Better QoL (lower
score) was demonstrated in the RP group (Figure 5).
Figure 5. Results of the ICIQ-UI SF questionnaire in 24. and 30.
months after activation of the ZSI 375. Division according to
the cause of urinary incontinence.

Figure 6. Results of the SF-36 questionnaire.

SF-36
Based on the SF-36 questionnaire, an analysis
of the differences between the results before and
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Table 4. Results of the SF-36 questionnaire (Short Form 36 Health Survey Questionnaire)
Results of the SF-36 questionnaire
Average

Median

Before implantation

33.5

30.0

After implantation

69.7

75.0

Before implantation

13.1

0.0

After implantation

71.8

Before implantation
After implantation

Minimum

Maximum

Standard deviation

0.0

80.0

21.6

15.0

100.0

18.0

0.0

100.0

19.1

75.0

0.0

100.0

29.3

18.6

0.0

0.0

100.0

23.8

76.0

100.0

0.0

100.0

29.7

Physical functioning

Role limitations due to physical health

Role limitations due to emotional problems

Energy/fatigue
Before implantation

40.6

40

20.0

75.0

11.8

After implantation

67.6

65.0

30.0

100.0

15.7

Before implantation

43.5

48.0

24.0

84.0

12.7

After implantation

65.7

68.0

32.0

88.0

13.0

Before implantation

23.3

12.5

0.0

87.5

22.5

After implantation

72.6

75.0

22.5

100.0

19.2

Before implantation

70.4

77.5

12.5

100.0

28.3

After implantation

66.5

67.5

10.0

100.0

29.2

Before implantation

33.7

32.5

20.0

55.0

10.0

After implantation

47.0

45.0

25.0

65.0

9.9

Emotional well-being

Social functioning

Pain

General health

after implantation was made (3 months after activation). Significant improvement in patients' QoL
was demonstrated (Table 4). Statistically significant
differences (p <0.0001; Wilcoxon test, t test) before
and after implantation in seven categories (physical functioning, limitations due to physical health,
limitations due to emotional problems, vitality, emotional well-being, social functioning, general health),
but not in the category for pain (p = 0.27) (Figure 6).
There was no statistically significant difference before and after implantation in the ‘pain’ category
when the groups were divided into ‘successes’ and
‘failures’. In terms of ‘physical functioning’, ‘social
functioning’, and ‘general health’ statistically significant differences were shown in both the ‘success’
and ‘failure’ groups. In the remaining categories,
statistical significance occurred only in the ‘success’
group (Figure 6).

Numerical rating scale of pain intensity
The degree of pain intensity was assessed with the use
of the numerical rating scale (NRS, 0–10) as well as

one of the elements of the SF-36 questionnaire (Figure 6). On the NRS scale, prior to implantation of an
AUS, the mean score was 0.89 (SD = 0.80); after implantation, it increased slightly to 1.15 (SD = 0.96).

DISCUSSION
In the current study, we report our mid-term
experience in 86 patients with an implanted
ZSI 375 device. During the median follow-up period
of 21 months the overall success rate was 94.2%.
Sixty-seven patients (77.9%) achieved total (n = 7;
8.1%) or social continence (n = 60; 69.8%), and
14 (16.3%) improved, leaving only 5 patients (5.8%)
who failed with the treatment. The AUS AMS 800™
is currently regarded as the gold standard therapy
of severe SUI in men. However, there are some serious problems connected with it, including complexity of the procedure, inability to adjust the pressure in the device, or to readjust the cuff in the case
of postsurgical urethral atrophy [2, 17–21]. ZSI 375
is a relatively new device, with the first implantation
carried out in 2009. To date, few studies have been
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published on the efficacy and safety of treatment
of SUI in men by implantation of ZSI [4–8].
In our study, the mid-term complication rate was
comparable to or better than that achieved with AMS
800™ [4, 12, 13, 14, 17–21]: the infection rate was
nil in our series, and the infection rate for the AMS
800™ device is between 1 to 8% [17–21, 23, 28]. The
complication most frequently reported in the present study was erosion, which affected 11 patients
(12.8%). All urethral erosions occurred in patients
post-prostatectomy in concordance with the aetiology of incontinence. Our urethral erosion rate is
comparable to that of AMS 800™ [2, 3, 17–21]. Mechanical failure resulting in device re-implantation
affected 4 patients (4.7%) at the early stage of this
study. It likely reflects the inexperience of surgeons
performing an implantation procedure, as there was
no such complication observed after the first 4 cases
performed by a given surgeon. The rate of mechanical failure of ZSI in our series is comparable to that of
AMS 800™ in the contemporary series [2, 3, 17–21].
So far, no article has been published assessing the
QoL of patients after implantation of ZSI. The QoL
benefits of AUS implantation in patients with UI
have been described in the literature, with most considering AMS devices as the gold standard AUS [1,
2, 3, 17–27]. In the current study, we report our midterm experience in 86 patients with this ZSI device
using ICIQ-UI SF questionnaire, SF-36 questionnaire, and NRS scale to assess QoL. The degree of
UI is closely related to the QoL assessment. Our results are comparable to results obtained by Gnessin
et al. who assessed the positive impact of AMS 800™
implantation on men’s QoL [28]. We compared the
long-term efficacy and QoL of patients who underwent AUS placement and who completed the Incontinence Impact Questionnaire and the Urogenital
Distress Inventory with our mid-term observations.
The results are similar, and demonstrate the positive impact of the AUS on QoL [29]. Kaiho et al. also
measured PPD use and the ICIQ-UI SF to estimate
continence and QoL preoperatively and 1, 3, and
12 months postoperatively in 135 patients after AMS

800™ implantation [30]. Quality of life significantly
improved after surgery, and this is similar to our results, but Kaiho et al. noted that 1 month after surgery the results were better than after 12 months.
We did not reach such conclusions in our study.
On the other hand, Imamoglu et al. [31] compared
the scores of two groups of patients: after macroplastique injection and after AUS implantation, to assess
the QoL score in the preoperative and in the postoperative period. We know that there were statistically
significant differences between preoperative QoL
scores, both in patients with minimal and total incontinence. In the group with minimal incontinence
there was no statistically significant difference between macroplastique injection and AUS. However,
the in group with total incontinence, AUS implantation offered better results. Fleshner [32] compared the health-related QoL and urinary symptoms
in men with post-radical prostatectomy incontinence
in 30 men with an AMS 800™ AUS, and 31 who
did not require an AUS. No significant differences
were noted with respect to QoL. Data confirmed
that AMS 800™ and ZSI 375 are similar in terms
of QoL. In a systematic review of the literature by
Yafi et al. [33] looked at AUS for male SUI. Improvement in QoL indicators was reported in 90% of patients and all results confirmed improved QoL.

CONCLUSIONS
In conclusion, at the mid-term follow-up, the ZSI
375 AUS was successful in treating moderate and
severe UI in men, achieving a high success rate and
acceptably low complication rate. The QoL in study
patients was assessed using ICIQ-UI SF and SF-36
questionnaires showed improvement. In our opinion, implantation of the ZSI 375 AUS is good option
in the treatment of men with stress urinary incontinence.
Conflicts of interest
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