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Introduction

In the United States, the prevalence of urinary incontinence 
(UI) in men over 40 years of age is estimated at 45% and 
although definitions of incontinence vary, an increasing 
trend is seen with advancing age (1,2). UI can have a 
significant impact on mental health, in particular with 

regards to anxiety and depression, and has also been 
demonstrated to have a negative impact on health-related 
quality of life (QoL) (1). While there are multiple risk factors 
for UI, one of the most common iatrogenic causes is radical 
prostatectomy resulting in rates of stress UI estimated 
between 12–16% depending on surgical modality (3),  
with other iatrogenic causes including transurethral 
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resection of the prostate and pelvic radiation therapy.
Originally introduced in 1972 (4), the artificial urinary 

sphincter (AUS) is considered the preferred surgical 
therapy for moderate to severe stress UI. While the 
AUS has demonstrated acceptable intermediate to long-
term durability with 5-year revision-free survival rates of 
60–75% (5-8), the impact on urinary continence reported 
has varied considerably with rates of social continence, 
generally defined as ≤1 pad per day (PPD), ranging between  
61–100% and dry rates reported between 4–86% (9). 
Likewise rates of patient satisfaction vary considerably, 
with reports ranging from 73% to 95% patient satisfaction 
(10-13). Notably, data regarding preoperative factors that 
predict patient satisfaction are sparse.

Approximately 40% of men who undergo AUS 
placement after RP have received external beam radiation 
therapy (XRT) (14). Exposure to radiotherapy has been 
proposed as a risk factor for adverse AUS outcomes, though 
reports in the literature are conflicting (14-20). The impact 
of radiation therapy and AUS patient satisfaction and 
postoperative QoL has had minimal investigation, with no 
impact on long-term continence and patient satisfaction 
being reported in the one available report (19). Thus, we 
evaluated the impact of prior radiation therapy on patient 
satisfaction following primary AUS placement.

Methods

After Institutional Review Board approval, we identified 
1,082 male patients who underwent primary AUS 
implantation at Mayo Clinic (Rochester, MN, USA) from 
1983 to 2011 by three surgeons (William Furlow, David 
Barrett and Daniel S. Elliott). After excluding patients that 
died during follow-up and/or underwent device revisions 
or explantations, we identified 467 primary AUS devices 
in-situ at the time of mailing. Patients were excluded from 
analysis if they underwent primary AUS implantation for 
neurogenic bladder dysfunction, were less than 18 years old,  
or declined research consent. All implanted devices were 
American Medical Systems 800 (AMS 800; American 
Medical Systems, Inc., Minnetonka, MN, USA). 

Patient clinical characteristics and details of the primary 
device placement were assessed. Given the retrospective 
study design, patients did not have standardized follow-
up. Instead, following device placement, patients are 
evaluated 6 weeks post-operatively for device activation. 
Thereafter, patients are followed via office evaluation on an 
as needed basis, as determined by their continence or other 

device concerns. The Mayo Clinic AUS Registry monitors 
outcomes periodically by written patient correspondence 
and QoL questionnaires. Details regarding device survival 
were obtained from last office examination, operative 
reports, written or telephone correspondence.

All patients who underwent AUS device implantation 
between 1983 and 2011 were invited to participate in a 
mail-in survey (Figure 1). The questionnaire administered 
assessed current device status and any previous explanations 
during patient follow-up. Patient satisfaction was measured 
utilizing questions adapted from previous studies focusing 
on AUS and QoL. Urinary continence parameters were also 
captured on the questionnaire adopted from the validated 
Expanded Prostate Cancer Index Composite urinary 
domain (EPIC-UD) (21). Patient reported change in 
urinary control from pre-operative to post-AUS placement 
served as an indicator of overall AUS-QoL and satisfaction, 
and was assessed on a scale of 0 to 10. These answers were 
each multiplied by ten to convert to a 0–100 scale, with  
100 representing the highest rate of satisfaction/continence. 
An AUS-QoL score ≥70 was considered to be associated 
with patient satisfaction and was utilized to include the 
highest quartile of urinary control. 

Statistical analysis was performed using the SAS software 
package (SAS Institute, Inc.: Cary, NC, USA). Continuous 
features were summarized with medians and interquartile 
ranges (IQR); categorical features were summarized with 
frequency counts and percentages. After stratifying by 
overall, primary without radiation exposure and with 
radiation exposure, chi-square cross table analysis, and 
Spearman rank correlations, were used to investigate the 
relationship between overall satisfaction (defined by the 
AUS-related QoL score and likelihood to have AUS surgery 
again), as well as patient reported urinary continence 
outcomes. Survey outcomes were dichotomized to reflect 
the degree of satisfaction and urinary control. All statistical 
tests were 2-sided, with a P value <0.05 considered 
statistically significant.

Results

Of the 1,082 primary implantations during the study 
timeframe, 277 patients were deceased and 338 had 
undergone revision surgery prior to mailing. This left a total 
of 467 patients, living with their primary device-in situ. Of 
these patients, 64 patients with radiation and 165 patients  
without prior radiation therapy completed the survey, for a 
response rate of 229/467 (49%). 
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Clinical and demographic information for patients 
included in the study, stratified by prior pelvic radiation 
exposure are demonstrated in Table 1. Notably, men with 
prior radiation therapy were older (P=0.01) and more likely 
to have received androgen deprivation therapy (P<0.01). 
There was no significant difference between the cohorts 
in other clinical characteristics including body mass index 
(P=0.30) or coronary artery disease (P=0.56).

For all responders, at a median follow-up was 8.4 years 
(IQR 5.8–11.4), 73% reported an AUS-related QoL score 
≥70/100, 90% would undergo surgery again, 56% wore 

≤1 PPD, 82% reported leakage on a daily basis, and 64% 
reported minimal leakage-related bother. When stratified 
by exposure to prior radiation therapy (Table 2), there 
were no significant differences in patient reported AUS-
related satisfaction (P=0.29) or the rate of those using  
≤1 pad (P=0.06) between cohorts. Specifically, there were 
equivalent rates of perceived satisfaction between those with 
and without prior radiation therapy including willingness 
to undergo AUS surgery again (87% vs. 91%, P=0.87) 
and likelihood to recommend AUS surgery to a friend or 
family member (86% vs. 93%, P=0.18). Likewise, there was 

Figure 1 Artificial urinary sphincter quality of life survey.
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equivalence in patient reported AUS QoL following device 
implantation 70% vs. 77% (P=0.29). Of note, the median 
follow-up for those with prior radiation exposure was 
shorter than for patients without prior radiation therapy 
(median 7.1 vs. 8.9 years; P<0.01).

Discussion

Here, in a large single institution series of primary AUS 
placements with a median of 8.4 years of follow-up, we 
found a high-rate of AUS-related QoL and satisfaction, 
acceptable urinary control, and no significant differences 
in functional outcomes among men with primary AUS 
placement without or with radiation exposure. Overall, 73% 
of men reported an AUS-related QoL score ≥70 (scale 0–100)  
and 90% would elect to undergo AUS surgery again. 
Importantly, our findings demonstrate modest rates of 
complete urinary control with extended follow-up including 
56% of patients reporting ≤1 PPD (social continence) and 
82% with leakage on a daily basis. These findings highlight 
the need for appropriate patient counseling and expectations 
regarding long-term AUS functional outcomes.

There is limited data available in the literature regarding 
the impact of prior radiation therapy on QoL in patients 
undergoing AUS placement (19). In this series, Walsh et al. 
evaluated 98 patients, 22 having received radiation therapy, 
and 92% of patients without prior radiation therapy 

reported that they were “very or somewhat satisfied with 
surgery” versus 89% in irradiated patients (P value listed 
as not significant, no value provided) (19). However, they 
did report a significant difference between those with and 
without radiation regarding rates of infection and erosion, 
urethral atrophy and resolution of incontinence after 
AUS placement (P<0.05). Likewise, irradiated patients 
had significantly higher rates of patients with “little to no 
improvement” and fewer patients being completely dry. At 
a mean follow-up of 46 months they concluded that AUS 
placement in an irradiated patient did not affect long-term 
continence or overall satisfaction. 

Our findings augment the existing literature in a larger 
cohort, with longer follow-up. We note similar results 
regarding patients satisfaction, specifically, there were 
equivalent rates of perceived satisfaction between those with 
and without prior radiation therapy including willingness to 
undergo AUS surgery again (87% vs. 91%) and likelihood 
to recommend AUS surgery to a friend or family member 
(86% vs. 93%). We noted no significant difference between 
these groups likewise with regards to continence with 56% 
of patients reporting ≤1 PPD, 82% leakage on a daily basis, 
and 36% significant leakage-related bother. Differences 
between our results and those previously published may be 
secondary to disparate populations, sample size, surgical 
technique and the longer follow-up available in our cohort 
(median 100 months, as compared to 46 months). 

Table 1 Clinical variables by primary AUS without and with pelvic radiation exposure

Clinical variable Without pelvic radiation (n=165) With pelvic radiation (n=64) Total (n=229) P value

Age at surgery, years, median [IQR] 70 [64–73] 72 [67–77] 70 [65–75] 0.01

BMI, kg/m2, median [IQR] 28 [26–30] 29 [27–33] 28 [26–31] 0.30

Diabetes mellitus, n (%) 15 (9.1) 6 (9.4) 21 (9.2) 0.79

Current smoker, n (%) 6 (3.6) 2 (3.1) 8 (3.5) 0.71

Former smoker, n (%) 76 (46.1) 32 (50.0) 108 (47.2) 0.72

Coronary artery disease, n (%) 24 (14.5) 13 (20.3) 37 (16.2) 0.56

Cerebral vascular disease, n (%) 0 (0.0) 4 (6.3) 4 (1.7) <0.01

Myocardial infarction, n (%) 9 (5.5) 3 (4.7) 12 (5.2) 0.64

COPD, n (%) 10 (6.1) 9 (14.1) 19 (8.3) 0.11

TURP, n (%) 17 (10.3) 5 (7.8) 22 (9.6) 0.41

Androgen deprivation therapy, n (%) 5 (3.0) 16 (25.0) 21 (9.2) <0.01

Male urethral sling, n (%) 4 (2.3) 4 (6.3) 8 (3.5) 0.15

Radical prostatectomy, n (%) 140 (84.8) 50 (78.1) 190 (83.0) 0.47
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Table 2 Clinical variables for quality of life questions by type of exposure

Clinical variable Without XRT (n=165) With XRT (n=64) Total (n=229) P value

Would undergo AUS surgery again, n (%) 0.87

Very likely 132 (80.0) 52 (81.3) 184 (80.3)

Likely 17 (10.3) 4 (6.3) 21 (9.2)

Neutral 10 (6.0) 2 (3.1) 12 (5.2)

Unlikely 1 (0.6) 3 (4.7) 4 (1.7)

Very unlikely 3 (1.8) 3 (4.7) 6 (2.6)

Would recommend AUS to friend/family member with 
similar problem, n (%)

0.18

Very likely 127 (77.0) 45 (70.3) 172 (75.1)

Likely 25 (15.2) 10 (15.6) 35 (15.3)

Neutral 9 (5.5) 2 (3.1) 11 (4.8)

Unlikely 1 (0.6) 3 (4.7) 4 (1.7)

Very unlikely 2 (1.2) 4 (6.3) 6 (2.6)

In continence now relative to before surgery, n (%) 0.29

0 (much worse now) 5 (3.0) 3 (4.7) 8 (3.5)

10 1 (0.6) 2 (3.1) 3 (1.3)

20 4 (2.4) 2 (3.1) 6 (2.6)

30 4 (2.4) 5 (7.9) 9 (3.9)

40 5 (3.0) 3 (4.7) 8 (3.5)

50 16 (9.7) 3 (4.7) 19 (8.3)

60 5 (3.0) 2 (3.1) 7 (3.1)

70 8 (4.8) 6 (9.4) 14 (6.1)

80 40 (24.2) 12 (18.8) 52 (22.7)

90 33 (20.0) 6 (9.4) 39 (17.0)

100 (much better now) 43 (26.1) 19 (29.7) 62 (27.1)

Urine leakage in last 4 weeks, n (%) 0.95

More than once/day 104 (63.0) 41 (64.1) 145 (63.3)

About once/day 29 (17.6) 10 (15.6) 39 (17.0)

More than once/week 9 (5.5) 4 (6.3) 13 (5.7)

Once/week 8 (4.8) 1 (1.6) 9 (3.9)

Rarely/never 13 (7.9) 7 (11.0) 20 (8.7)

Degree of urinary control, n (%) 0.81

No control 11 (6.7) 5 (7.9) 16 (7.0)

Frequent dribbling 63 (38.2) 22 (34.4) 85 (37.1)

Occasional dribbling 76 (46.1) 30 (46.9) 106 (46.3)

Total control 14 (8.5) 6 (9.4) 20 (8.7)

Table 2 (continued)
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Table 2 (continued)

Clinical variable Without XRT (n=165) With XRT (n=64) Total (n=229) P value

Pads/day in last 4 weeks, n (%) 0.06

0 26 (15.8) 2 (3.1) 28 (12.2)

1 70 (42.4) 29 (45.3) 99 (43.2)

2 40 (24.2) 19 (29.7) 59 (25.8)

≥3 28 (17.0) 13 (20.3) 41 (18.0)

Perceived bother from leakage, n (%) 0.31

None 18 (11.0) 6 (9.4) 24 (10.5)

Very small 42 (25.5) 17 (26.6) 59 (25.8)

Small 48 (29.1) 13 (20.3) 61 (26.6)

Moderate 42 (25.5) 16 (25.0) 58 (25.3)

Large 14 (8.5) 11 (17.2) 25 (11.0)

AUS, artificial urinary sphincter; XRT, radiation therapy.

We recognize that our study is limited by its retrospective 
design, and as such, we were unable to objectively assess the 
degree of preoperative UI. Moreover, due to the inclusion 
of only primary implants and use of a survey there is the 
potential for selection bias. Furthermore, our survey 
response rate was 49% among those alive, which may 
introduce a response bias. Further investigations utilizing 
a standardized, validated patient follow-up are needed to 
further validate our data. 

Conclusions

In a large cohort of primary AUS implants, we noted a 
high-level of satisfaction and modest urinary control at a 
median follow-up of over 8 years. Importantly, we found no 
differences in QoL outcomes in among patients with versus 
without prior radiation therapy among those with the 
primary device in place. This information can be used when 
counselling potential AUS patients who have undergone 
previous XRT.  
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