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ABSTRACT (320 words) 

Background. To date, the specific causes of revision of an artificial urinary sphincter (AUS) 

in male patients and their risk factors have been poorly investigated 

Objective. To assess the prevalence and risk factors of male AUS mechanical failures and 

non-mechanical failures. 

Design, setting, and participants. The charts of all male patients who underwent an AUS 

implantation between 2004 and 2020 in 16 centers were retrospectively reviewed. Patients 

with neurogenic stress urinary incontinence (SUI) were excluded as well as 

revisions/explantations for infections and/or erosions.  

Intervention. Causes of revision were divided into mechanical failures (fluid loss or 

malfunction from any components of the AUS), non-mechanical failures (urethral atrophy, 

recurrence/persistence of SUI despite normally functioning device) and other (pump 

malposition, balloon herniation, hematoma, pain). 

Outcome measurements and statistical analysis. Failure-free survival analysis was 

performed both for general and specific causes of revision. Predictors of mechanical and non-

mechanical failures were determined by Cox proportional hazards model.  

Results and limitations. 1041 patients met the inclusion criteria. After a median follow-up of 

20 months, the estimated 5-year and 10-year overall revision free survival were 75% and 50%. 

There were 221 AUS revisions: 60 (27%) for mechanical failures, 125 (57%) for non-

mechanical failures and 36 (16%) other causes of revision.  In multivariable Cox regression 

analysis, larger cuff size was the only predictor of  overall revisions (HR=1.04 [1.01 - 1.07]; 

p=0.006) and revision for non-mechanical failure (HR=1.05 [1.02 - 1.09]; p=0.001).  

Conclusions. Half of male AUS patients undergo device revision over the first ten years after 

implantation. Non-mechanical failures are the primary cause of AUS revision in non-

neurological men. Larger cuff size appears to be the main determinant of AUS revision’s risk. 

Patient summary 

Artificial urinary sphincter (AUS) is the gold-standard treatment of male with stress urinary 

incontinence (SUI). Half of male AUS patients undergo device revision over the first ten years 

after implantation mostly for non-mechanical failure. Using larger cuff during AUS implantation 

may increase that risk.	  
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1 INTRODUCTION 

Since its first description by Scott and al in 1973 (1) the artificial urinary sphincter (AUS) 

has been proven to be effective and reliable in the treatment of male stress urinary 

incontinence (SUI) (2). However, while it is regarded as the gold standard treatment 

for severe male SUI, its use remains partially hindered by the relative high rate of 

device related complications (3). Device infection and cuff erosion have been at the 

forefront of research efforts as they usually result in AUS explantation and may 

compromise further SUI treatment (4,5). However, there are multiple other causes of 

AUS failures that require revision surgeries and remain poorly understood preventing 

to build adequate prevention strategies and management algorithms (2,6). 

Getting to better estimate the prevalence of device-related complications and to 

elucidate their risk factors are essential steps to improve preoperative patients’ 

counseling and to elaborate strategies to decrease the risk of AUS failure. However, 

the literature on the prevalence and risk factors of AUS revisions is scarce and 

contradictory.  

The main objective of this study was to assess the prevalence and risk factors of male 

AUS revision for mechanical failures and non-mechanical failures. We also explored 

the outcomes of various revision strategies for non-mechanical failures. 
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2 PATIENTS AND METHODS 

2.1 Study design 

After institutional review board approval (CNIL2216559), the charts of all male patients 

who had an AUS implantation between 2004 and 2020 in 16 centers were reviewed 

retrospectively. The AMS-800 AUS (American Medical Systems, Inc., Minnetonka, 

MN) was used in all cases. All cases of AUS implantations, either primary, secondary 

or tertiary were included.  Exclusion criteria were neurogenic SUI, revision/explantation 

for device infection or cuff erosion and bladder neck implantation (figure 1). The 

indication for AUS implantation was moderate to severe SUI. Owing to the 

retrospective multicenter study design, the surgical techniques and preoperative work-

up were not standardized across centers. The following preoperative data were 

collected for each patient in a dedicated computerized database: age; Body Mass 

Index (BMI); anticoagulant/antiplatelet intake; American Society of Anesthesiology 

(ASA) score (7); history of previous anti-incontinence surgery; 24 hour pad weight test 

;history of pelvic surgery; history of pelvic radiotherapy; number of pads per day 

preoperatively; etiology of incontinence (categorized as radical prostatectomy (RP), 

benign prostatic obstruction surgery (BPO), pelvic radiotherapy (RT) or pelvic surgery 

(PELV)); nocturnal incontinence preoperatively (yes vs. no); urgency preoperatively 

(yes vs. no). The following surgical data were recorded: surgical approach (penoscrotal 

vs. perineal), implantation site (bulbar vs. transcorporal), cuff size, type of pressure 

regulating balloon (PRB).  The institutions’ case-load was determined for each 

procedure on a year per year basis. 

Follow-up protocols differed from one center to another. It involved most of the time a 

clinical interview, a physical examination, an uroflowmetry and a post-void residual. 

Post-operative complications were recorded according to current guidelines (8) and 

graded according to the Clavien-Dindo classification (9). 
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Figure 1 : Flow Chart 
	

	
	
PRB : Pressure Regulating Balloon 

All	Patients	
N=1364

No	Revision
N=820

At	least	one	Revision
N=221

Mecanical	failure
N=60

Non	Mecanical	failure
N=125

Other	failures
N=36

Exclusion:
Neurogenic	SUI:	N=58
Device	infection	or	cuff	

erosion	N=265
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2.2 Outcomes of interest 

The primary endpoint was the revision-free survival. Revision was defined as any 

surgical intervention consisting in replacing and/or repositioning one or more 

components of the device. The efficacy outcome was the social continence at 3 

months, defined as wearing 0 to 1 pad per day. 

The causes leading to AUS revision were categorized in three groups: mechanical 

failures (MECA), non-mechanical failures (NOMECA) and other causes (OTHER). 

Mechanical failures were defined as any fluid loss or defect of any components of the 

AUS: cuff, pump, PRB, tubing or connectors. Non-mechanical failures were defined as 

recurrence/persistence of SUI despite normally functioning devices. The other causes 

of failure included pump or balloon malposition. 

 

2.3 Statistical analysis 

Means and standard deviations were reported for continuous variables, and 

proportions for nominal variables. The exact Fisher test was used to compare nominal 

variables, the Kruskal-Wallis test for ordinal variables, the Student test to compare 

quantitative continuous variables, ANOVA when there were more than two groups. 

Non-parametric tests were used in case of small sample size. 

Probability of reoperation-free survivals were estimated using the Kaplan-Meier 

method. Patients were censored at the time of AUS revision or at last follow-up if no 

event occurred. We plotted the total revision free survival, the revision free survival for 

each cause of revision (i.e. MECA revision-free survival, NOMECA revision-free 

survival and OTHER revision-free survival). Multivariable Cox regression analyses 

were performed to seek predictors of revision-free survival, NOMECA revision-free 

survival. Only variables with p-value<0.25 in univariate analysis were included in the 

multivariate model. Collinearities were included in the initial model and the final model 

was built by stepwise variable selection, constraining the factors known from the 

existing literature (radiotherapy, case-load). Statistical analyses were performed using 

the R statistical software (10). All tests were two-sided with a significance level at 

p<0.05. 
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3- RESULTS 

3-1 Patients’ characteristics 

Out of 1364 male patients who underwent an AUS implantation over the study period, 

1041 patients met the inclusion criteria (figure 1). After a median follow-up of 20 months 

[5, 54], 820 were free from revision and 221 had undergone at least one revision. The 

patients’ characteristics and intraoperative data are summarized in table 1. The median 

age was 70 years [65-75] and the median institutions’ case-load per year was 9 [6-14]. 

Two-hundred seventy-five patients had an history of pelvic radiotherapy (31.5%) and 

179 had undergone previous anti-incontinence surgery (17%). The etiology of 

incontinence was radical prostatectomy in 877 (86.9%) of cases, BPO surgery in 84 

(8.3%), pelvic surgery in 28 (2.8%), pelvic radiotherapy alone in 13 (1.2%) and other 

in 7 (0.7%; missing data n=32). The median 24h pad weight test was 340 grams [160-

600] and the median number of pads per day was 3 [2-5]. Most implantations were 

performed using a perineal approach (66.4%) and the cuff was bulbar and 

transcorporal in 918 (90.7%) and 94 (9.3%) cases respectively. The median cuff size 

was 45 mm [40-45]. 
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Table	1:	Patients	characteristics	

	 Overall	

n	 1041	
institutions'	Case-Load	per	year	(median	[IQR])	 9	[6,	14]	

Age	(median	[IQR])	 70	[65.5,	75]	

BMI	(median	[IQR])	 26.8	[24.5,	29.4]	

ASA	(%)	 				

1	 49	(11.6)	

2	 268	(63.5)	

3	 97	(23)	

4	 8	(	1.9)	

Radiotherapy	(%)	 275	(31.5)	

previous	incontinence	surgery(%)	 		179	(17)		

24	hour	pad	weight	test	(median	[IQR])	 340	[160,	600]	

N.	pads	(median	[IQR])	 3	[2,	5]	

Surgery	approach	(%)	 				

			Peno-scrotal	 			379	(	33.6)		

			Perineal	 662	(66.4)	

Cuff	position	(%)	 				

			bulbar	 918	(90.7)	

			Transcorporal	 94	(	9.3)	

PRB	size	(%)	 				

			51-60	 15	(	1.8)	

			61-70	 835	(97.7)	

			71-80	 5	(	0.6)	

Cuff	size	(median	[IQR])	 	45	[40,	45]	
 

3-2 Functional and perioperative outcomes 

There were 81% of patients socially continent at 3 months. The rate of early 

complications was 7.6% (n=79). According to the Clavien-Dindo (CD) classification, 

the complications were graded as follows: 35 CD grade 1 (44.3%), 25 CD grade 2 

(31.6%), one CD grade 3a (1.3%), 17 CD grade 3b (21.5%) and on CD grade 4 (1.3%). 

There was no CD grade 5 complication. The median length hospital stay was 3 days 

[2-4]. 

3.3. Causes of AUS revision 

There were 221 AUS revisions: 60 (27%) for MECA failures, 125 (57%) for NOMECA 

failures and 36 (16%) OTHER causes of revision. The overall median revision free 

survival was 24 months [4.5, 52] for the MECA, 26.5 [8.8, 54] for the NOMECA and 7.5 
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[2, 50.5] for OTHERS. We observed that institutional case-load per year was lower for 

mechanical revisions (MECA 7 [4,12] NOMECA 9.50 [6, 14] and OTHERS 9 [7, 13], 

p=0.02). Patients who underwent AUS revisions for “OTHER” causes were older 

(p=0.03), but had lower Charlson’s index (4 vs. 3 vs. 2; p=0.03). There was no 

difference in surgical characteristics between groups except for the cuff size which was 

greater in the NOMECA (45 [40, 45] vs. 45 [40, 55] vs.  40 [40, 45] mm respectively in 

the MECA vs. NOMECA vs. OTHER group; p=0.003).  

 

3-4 Revision-Free Survivals analyzes 

After a median follow-up of 20 months, the estimated 5-year and 10-year overall 

revision free survival were 75% and 50% (figure 2). There was a significant difference 

in revision-free survival according to the cause of revisions (p=0.001). There was a 

higher rate of early revisions, during the first 12 months, for the OTHER causes of 

revisions (figure 3). 

  

Table	2:	Patients	characteristics	according	to	the	type	of	AUS	dysfunction	at	1st	revision	

	 MECA	 NOMECA	 OTHERS	 p	
n	 83	 105	 60	 	

Details	on	causes	of	revision	
AUS	fluid	loss	50	
(83%)	Component	

malfunction	10	(17%)	
	

Pump	malposition	13	(36%)	
Balloon	herniation		5	(14%)	

Pain	2	(5.6%)																
Difficulty	of	use	2	(5.6%)	

	

Case-Load	(median	[IQR])	 7	[4.5,	13]	 8	[5,	13]	 9	[7,	15.2]	 	0.43	
Age	(median	[IQR])	 69.5	[63.1,	74.7]	 68	[63,	73]	 69.8	[66.1,	77.2]	 	0.16	
BMI	(median	[IQR])	 26.1	[23.2,	28.5]	 26.7	[24.5,	29.3]	 	26.3	[23.5,	28.2]	 0.64	
CHARLSON	(median	[IQR])	 		4	[3,	5]	 3	[1,	4]	 4	[0.25,	5.75]	 0.11	
History	of	pelvic	radiotherapy	(%)	 10	(20.4)	 26	(25.5)	 			8	(26.7)	 0.75	
Hystory	of	previous	incontinence	
surgery	(%)	 10	(16.7)	 19	(15.2)	 5	(13.9)	 0.93	

Surgical	approach	(%)	 					 				 					 	0.97	
			Peno-scrotal	 41	(49)	 20	(19)	 38	(64)	 	
			Perineal	 42	(	51)	 85	(	81)	 22	(	36)	 	

Cuff	position(%)	 					 				 					 0.59	
			Bulbar	 	  				 	

			Transcorporal	 4	(6.7)	 14	(11.4)	 					3	(8.8)	 	
Cuff	size	(median	[IQR])	 	45	[40,	50]	 	45	[40,	50]	 	45	[40,	50]	 0.08	
Follow-up	(months)	(median	[IQR])	 56	[24,	89]	 55	[30,	91]	 8	[3,	42.5]	 <0.001	
Median	time	to		revision	(median	
[IQR])	 29	[8,	53]	 25.5	[8,	56]	 4	[2,	27.75]	 0.001	
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Figure 2: Revision Free survival probability 

 

Figure 3: Revision Free survival probability according to the cause of revision 
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3 -5. Predictors of revision-free survivals 

In multivariable Cox regression analysis (table 3) the only variable associated with the 

risk of overall revisions was cuff size (HR=1.04 [1.01 - 1.07]; p=0.006).  The only risk 

factor specific to the NOMECA causes of revision was cuff size as well (HR=1.05 [1.02 

- 1.09]; p=0.001). There was no variable associated with the risk of mechanical failure. 

 

 

 

  

Table	3:	Multivariate	analysis	Cox	Proportional	Hazard	
model	

		Overall	1st	revision	free	survival	

Factors	 HR	 CI	95%	 p	
Perineal	approach	 0.95	 0.64	-	1.43	 0.81	
Transcorporal	cuff	 1.60	 0.89	-	2.77	 0.11	
Case-load	/year	 1.01	 0.98	-	1.05	 0.42	

History	of	pelvic	radiotherapy	 0.69	 0.45	-	1.94	 0.08	
Cuff	size	 1.04	 1.01	-	1.07	 0.006	

		NOMECA	1st	revision	free	survival	

Factors	 HR	 CI	95%	 p	
Transcorporal	cuff	 1.59	 0.80	-	2.95	 0.17	
Case-load	/year	 1.02	 0.97	-	1.06	 0.41	
Cuff	size	 1.05	 1.02	-	1.09	 0.001	

		MECA	1st	revision	free	survival	

Factors	 HR	 CI	95%	 p	
ASA	score	 	   

1	 1.00	 Ref	 	

2	 3.68	
0.75	-	
66.35	 0.12	

3	 2.40	 0.34-	47.69	 0.40	
History	of	pelvic	radiotherapy	 0.97	 0.34	-	2.46	 0.95	
Anticoagulants	 0.70	 0.04-3.72	 0.72	
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4- DISCUSSION 

Almost half a century after its introduction, the prevalence and causes of male AUS 

revisions remain elusive (2,11,12). This contributes to hamper patients’ information 

and preclude to shape prevention strategies aiming to improve the use of AUS in male 

patients. In what is, to our knowledge, the largest series to date focused on AUS 

revisions, we found that the estimated prevalence of AUS revision were 25% and 50% 

at 5 ant 10 years respectively and that AUS cuff size was the only predictor of overall 

revision and of revision for non-mechanical failure. Conversely, we did not find risk 

factors for mechanical failure. This reinforces the idea that those failures depend 

mostly upon the device itself and might be unpredictable and possibly unpreventable. 

Non-mechanical failure was the predominant cause of revision in the present series. 

In previous studies, the rate of such non-mechanical failure ranged from 8.2 to 14% 

and accounted for up to 52% of causes of revisions (13–16). However, several series 

reported that mechanical failure was the most prevalent cause of male AUS revision 

(17), but disagreed on which component  was responsible of the failure in most cases: 

the cuff (14) vs. the PRB (11). These discrepancies in the literature could be due to the 

lack of standardized definitions for failures, retrospective nature of data collection 

resulting in information bias. Ultimately, prospective data collection with a priori 

analysis plan will be needed to further elucidate the prevalence of the various causes 

of AUS failure. 

In our study, we defined non-mechanical failure as persistent or recurrent SUI with a 

normally functioning AUS. Non-mechanical failure is postulated by many to relate 

mostly to urethral atrophy (18) which is thought to result from the pressure of the cuff 

generating ischemia of the underlying corpus spongiosum (19). However, the idea of 

urethral atrophy itself has been recently debated. Bugeja et al (20) performed 

manometric assessment of the device and found that a non-negligible amount of non-

mechanical failures could be actually explained by loss of PRB ‘resilience’ over time 

without obvious fluid loss. The PRB would cease to produce the expected pressure 

within the cuff for the same volume within the reservoir. They support the idea that the 

apparent ‘waisted’ aspect of urethra is less an authentic atrophy than a simple 

sheathing by a fibrotic capsule which can be removed to release the urethra which 
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would regain its initial aspect. They thus suggest to perform urethrolysis combined with 

the replacement of the whole device during these revisions while most of the authors 

so far explored cuff downsizing, tandem cuff placement or exchange of PRB as the 

main therapeutic option in such patients (16,21,22). These heterogeneous opinions 

underscore the poor understanding of what really happens to these men with recurrent 

SUI. 

In the NOMECA group, only 51% of patients were socially continent at 3 months. 

However, this did not prompt immediate revision, as the median time before revision 

was 26.5 months [8.8, 54] which is consistent with the existing literature (11,23,24). 

This let us think that non-mechanical failures could correspond to a case-mix of late 

urethral atrophy and other unidentified early or late causes of failures such as 

inadequate cuff sizing or undiagnosed device malfunction (19).  

One of the main findings of this multicenter series is that larger cuff size may be 

associated with the risk of overall revision and non-mechanical failures. Two 

hypotheses could be put forward to explain this finding. One could argue that this result 

points out the utmost importance of the adequacy between urethral circumference and 

cuff size. While several authors have advocated that cuff too tight may increase the 

risk of revision (18,25,26), recent studies have demonstrated that smaller cuff may 

actually prevent the risk of persistent/recurrent SUI (19,27). Our findings would support 

the later hypothesis. However, another explanation could be proposed for such finding. 

Patients with complete continence have been proven to carry a higher risk of erosion 

(28). We could suppose that selection bias, introduced by the exclusion of erosions, 

may be underpinning this association between larger cuff and increased probability of 

revision. 

The volume-outcome relationship has been largely investigated in urologic oncology 

and the impact of case-load on surgical outcomes have been evidenced for numerous 

urologic oncology procedures (29,30). While AUS implantation is deemed to require a 

thorough surgical expertise, the impact of provider’s volume on AUS outcomes has 

rarely been evaluated (31). Surprisingly, we did not find any significant association 

between annual case-load and the risk of AUS revision. This may be explained by the 

fact that tertiary high-volume centers might be treating more complex “last resort” 

patients’ population. The lack of adjustment of our analyzes for data such as surgeon’s 
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experience and surgeon’s annual case-load, both of which were not available in our 

dataset, may also explain this finding. Undoubtedly, the volume-outcome relationship 

for male AUS deserve further investigations to be fully elucidated. 

Our study has several limitations that should be acknowledged. First, our series has 

all the shortcomings inherent to its retrospective nature, including the heterogeneity of 

preoperative work-up and surgical techniques used as well as the lack of standardized 

follow-up protocols. While prone to information bias, our device survival and revision 

rates are similar to those reported for larger cohort studies. Unlike other studies it was 

chosen to exclude explantations for erosion and infection as we believe they dilute out 

the information about specific factors of mechanical and non-mechanical failure. The 

overall rate of revisions we found may seem lower than other cohorts’ findings (32–

34). However, it could be explained by the exclusion of erosions/infections. Likewise, 

our relatively low early complication rate may have been influenced by the exclusion 

of explantations and erosion (32). Finally, we lacked some details on the causes of 

revision such as the component who failed in case of mechanical failure, which 

prevented more in-depth analysis of the prevalence and determinants of each cause 

of revision.  

 

5- CONCLUSION 

Half of male AUS patients undergo device revision over the first ten years after 

implantation. In the present multicenter series, non-mechanical failure was the most 

prevalent cause of AUS revision (57% of all revisions). Cuff size appears to be the 

main determinant of AUS revision’s risk, larger cuff being the only predictive factor of 

overall revision and of revision for non-mechanical failure. Conversely to what has 

been thought for long, smaller cuff may then prevent non-mechanical failures. Further 

studies are needed to confirm these findings. 
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