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Abstract
Background—The artificial urinary sphincter (AUS) is a well-established treatment for male
stress urinary incontinence.

Objective—We aimed to characterize the surgical learning curve for reoperation rates after AUS
implantation.

Design, Setting, and Participants—The study cohort consisted of 65,602 adult males who
received an AUS 1988–2008, constituting close to 90% of all operations conducted during that
time. Data on reoperations were obtained from the manufacturer, which requires documentation
for warranty coverage.

Measurements—Surgeon experience was calculated as the number of original AUS implants
performed prior to the index patient’s surgery. Multivariable, logistic regression models were used
to examine the association between experience and reoperative rates, adjusted for case-mix.

Results and Limitations—There was a slow but steady decrease in reoperative rates with
increasing surgeon experience (p=0.020), showing no plateau through 200 procedures. The risk of
reoperation for a surgeon with 5 prior cases was 24.0%, which decreased to 18.1% for a surgeon
with 100 prior implants (absolute risk difference 5.9%; 95%CI 1.3%, 10.1%) and to 13.2% for a
surgeon with 200 prior implants absolute risk difference 10.7%; 95%CI 2.6%, 16.6%). Two-thirds
of contemporary patients (2000 – 2008) saw a surgeon who had done 25 or fewer prior AUS
implants; only 9% saw a surgeon with 100 or more prior procedures.

Conclusions—There is a clear and obvious disparity between the learning curve for AUS
surgery and typical surgeon experience, suggesting a considerable burden of avoidable
reoperations. Efforts to flatten the learning are urgently needed.

Keywords
Artificial Urinary Sphincter; Urinary Incontinence; Surgical Technique

Corresponding author: Jaspreet Sandhu, Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, NY, NY 10021,
sandhuj@mskcc.org.

Authors’ contributions
The study was conceived by JS. AV and JS were responsible for the overall study design. Statistical analyses were conducted by AV
and AM. All authors contributed to writing the manuscript and approved the final version. AV had full access to all the data in the
study and takes responsibility for the integrity of the data and the accuracy of the data analysis

NIH Public Access
Author Manuscript
Eur Urol. Author manuscript; available in PMC 2013 May 07.

Published in final edited form as:
Eur Urol. 2011 December ; 60(6): 1285–1290. doi:10.1016/j.eururo.2011.05.048.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
The artificial urinary sphincter (AUS) is a well-established treatment for male stress urinary
incontinence1, 2 including that resulting from radical prostatectomy. The AUS system
consists of multiple components, including at least a urethral cuff, a pressure regulating
balloon, and a control pump. The urethral cuff and the pressure regulating balloon come in
multiple sizes allowing significant operative variability1.

The AUS is a complex prosthetic procedure requiring intraoperative measurements. It is
plausible that operative outcomes improve with increasing surgeon experience. The object
of this study was to study the learning curve for AUS surgery, measured in terms of
reoperation rates, in contrast to the typical experience levels of surgeons in contemporary
practice.

Patients and Methods
Study Cohort and Data Sources—Data were obtained from American Medical
Systems, Inc., the manufacturer of the artificial urinary sphincter. All data were originally
collected as part of routine care and were fully de-identified before download. There were
72,908 total unique, complete records for male AUS procedures. Those treated before 1988
(n= 5,833) were excluded because major modifications were made to the AUS in 1987, after
which point there has been little modification to the device. These modifications have been
associated with significantly better outcomes3, 4. For the purpose of our analyses, we
excluded pediatric cases (n=1,473). The study cohort consisted of 65,602 males over the age
of 18 who received an AUS after 1987. Each original surgery was performed by one (n=
60,135; 92%), two (n= 5,339; 8%) or three (n=128; <1%) of the 8,497 surgeons in this data
set. All patients were treated in the United States.

Outcome ascertainment—The AUS is made by only one manufacturer, American
Medical Systems, Minnetonka, MN. The company requires all surgeons to submit a patient
information form after every implant in order to for the device to be under warranty
coverage, and has kept data on each procedure since its introduction in the 1970s. This form
contains information about indications for procedure, technical questions related to surgical
technique, including location of urethral cuff and surgical approach used. The estimated
compliance rate for form completion is 89%, based on 3938 responses2 compared to 4426
AUS units sold5 in 2005. Reoperative surgery for removal of an AUS represents a situation
where the operating surgeon does not replace a device and therefore does not submit a form.
In these cases, the manufacturer creates a patient information form to capture the removal
either through a complaint mechanism or through field sales representatives. In a 5 year
audit of reimplanted AUS, 99% of the reimplants had a record of previous removal in the
patient information database, suggesting high capture of reoperative surgery to remove an
AUS.

Statistical Methods—Surgeon experience was calculated as the number of original AUS
implants performed on males prior to the patient’s surgery. If more than one surgeon
participated in a surgery, each surgeon was credited in terms of experience, with the patient
indicator for experience coded by randomly selecting one of the surgeons.

The censoring structure of the data is unknown: a patient with no subsequent surgery may
have survived for many years with a functioning AUS, or may have died or emigrated at any
point. Accordingly, rather than time-to-event analyses we used binary outcomes at fixed
follow-up times after surgery, such as reoperative surgery within five years. The study
database was closed in 2008, and so we excluded patients treated after 2003 for the main
analysis.
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A learning curve requires a complete or near complete surgical history for each surgeon: we
therefore specified that, to be eligible, we must have data on one of the surgeon’s first 10
surgeries. This subset served as our main cohort and included 6,868 surgeons who treated
89% (40,347 of 45,207 patients) of the full cohort between 1988 and 2003, the cutoff year
for the primary analysis of any correctional surgery within 5 years.

Our overall aim was to examine the association between experience and the rate of any of
the four reoperations (revisions, replacements, removals and reimplants). We hypothesized
that the learning curve would be gradual and require 100 – 200 operations to plateau. Since
the expected lifetime of the current model AUS is over 10 years, we chose a primary
endpoint of five years since it is reasonable that any intervention within this time frame be
attributable to the surgery and not device malfunction.

For our main analysis, we created a multivariable, logistic regression model in which
surgeon experience was entered as a continuous variable with age and residency as
covariates. Age was included using restricted cubic splines with knots at the tertiles;
residency was used as a covariate on the grounds that patients living outside the United
States may be less likely to return for a reoperation. We saw no evidence of non-linearity in
the association between experience and outcome, and so all principal analyses use only the
linear term for experience.

Since data from different patients seen by the same surgeon are not independent, we
incorporated within-surgeon clustering into our analyses using a generalized estimating
equations approach by specifying the cluster option in Stata statistical software (version 11;
Stata Corp, College Station, TX). To produce a learning curve, we used the mean value of
covariates to calculate the probability of requiring reoperation within 5 years predicted by
the model for each level of surgical experience.

Results
Patient and procedure characteristics of the 65,602 males over the age of 18 who received an
artificial urinary sphincter (AUS) after 1987 are given in Table 1. Age and etiology of
incontinence (post-RP and neurogenic) did not differ importantly by surgeon experience.

The majority of surgeons included in our analyses performed in total fewer than 5 AUS
implants (n=4,757; 59%); 23% (n=1,813) had a lifetime history 10 or more prior cases and
<2% (n=134) performed 50 or more AUS implants (Table 2).

The learning curve for reoperation after AUS surgery is shown in figure 1. There is a slow
but steady decrease in the risk of reoperation with increasing surgeon experience (p=0.020).
The risk of reoperative surgery for an inexperienced surgeon, with 5 prior cases, was 24.0%
which decreased to 18.1% for an experienced surgeon with 100 prior operations (absolute
risk difference 5.9%; 95%CI 1.3%, 10.1%) and 13.2% for a surgeon with 200 prior
operations (risk difference 10.7%; 95%CI 2.6%, 16.6%).

Figure 1 overlays the distribution of surgeon experience of contemporary patients
undergoing AUS, defined as those undergoing surgery in 2000 or after. There is a clear and
obvious disparity between the learning curve and typical surgeon experience: 67% of
patients treated between 2000 and 2008 were treated by a surgeon who had done 25 or fewer
prior AUS implants; only 9% saw a surgeon with a prior experience of 100 or more.

Analyses for reoperations occurring within 6 months and 2 years are shown in figure 2.
Trends are very similar to the principal analysis. The association between experience and
outcome is significant at 6 months (p=0.018), but just fails to meet conventional levels of
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statistical significance for the analysis at two years (p=0.07), possibly due to the lower event
rate in this analysis.

In an analysis by type of correctional procedure, we saw no significant difference between
correctional surgery subtypes (p=0.4). Table 3 shows a number of sensitivity analyses
conducted to examine the robustness of our findings. The relationship between surgeon
experience and outcome was statistically significant for all sensitivity analyses, with
estimates of the effect of experience largely falling within the 95% confidence intervals of
the main analysis.

As a “negative control”, we examined reoperative rates after 10 years since these have been
shown to be a function of the device and not surgeon technique. We adjusted for the same
covariates as the main analysis as well as year of initial procedure, on the grounds that the
likelihood of device failure increases with time since surgery. In the 16,968 patients who
were event free at 10 years, but who were followed for at least 10 years, 5% of patients
eventually received a reoperation. Surgeon experience was associated with an increased,
rather than a decreased, likelihood of reoperation (4.6% vs 8.8%. for surgeons with 5 and
100 prior cases p=0.036). This analysis therefore provides no evidence that case mix or
selective reporting explained our principal findings.

Discussion
We have found a long learning curve for the standard AUS operation, with no plateau even
after 200 procedures. The learning effect is large, with a near halving of reoperation rates for
the most experienced surgeons. Yet the vast majority of contemporary patients are treated by
surgeons with relatively little surgical experience: fewer than 1 in 10 patients were seen by a
surgeon with a prior experience of 100 or more; two-thirds were treated by surgeons at the
very early part of the learning curve, where reoperation rates were highest.

There are a number of reasons to believe why surgical experience might have a strong effect
on the outcome of AUS surgery. The operation involves three different surgical components
– a urethral cuff, a pressure regulating balloon, and a control pump1. Urethral cuff size is
determined by measurements performed intra-operatively and varies from 4.0 cm to 11 cm
increasing in 0.5 cm increments, and the pressure regulating balloon is available in three
different pressures − 55 cm of water, 65 cm of water, and 75 cm of water. Surgical
technique also varies with respect to location of the urethral cuff, the number of urethral
cuffs used, the amount of fluid placed in the system, and the type of surgical approach
used6–8.

Once the AUS is active, it has a high satisfaction rate, but also high rates of reoperation9–13.
Early reoperations are usually due to infection, recurrent incontinence, or urethral
erosion14, 15, all of which are likely affected by surgical technique. Another cause for
reoperation is device failure. This has been reduced significantly since multiple device
modifications were made in 19873, 4, and the current analysis focuses only on AUS
performed after this time. We used a 5-year reoperative rate as a marker of surgical quality.
This allows us to focus on reoperations resulting from inadequate surgical technique since
reoperation due to device malfunction occurs at a median of 68 months15. There are two
different standard surgical approaches – perineal and transverse scrotal - with possibly
differing outcomes. However, the transverse scrotal approach was popularized in the middle
of the last decade, limiting the number of patients with 5-year followup, and not allowing
adequate comparison between the two different approaches in this series.

Unlike the learning curve for recurrence after radical prostatectomy16, we failed to see a
plateau in our learning curve, about which improvements in outcome with increasing
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experience are reduced. This may be because the plateau occurs at some level of experience
above 200 cases, or because such a small proportion of cases are conducted by experienced
surgeons that the confidence interval around the learning curve is wide at high levels of
experience.

Our analysis involves prospectively collected data, but is not randomized and is therefore
subject to the possibility of reporting bias and unmeasured confounding. Yet this is not an
analysis comparing a group of experienced surgeons with a group of those less experienced,
but a comparison of surgeon’s results between the early and later parts of their career. It
seems implausible that reporting or an unmeasured confounder would change systematically
along the course of all surgeons’ careers. Furthermore, we saw little evidence of large
differences in measured covariates by surgical experience, making important unmeasured
confounding unlikely. This is especially because measured confounding was in the opposite
direction to our main result: for example, more experienced surgeons saw slightly younger
patients, but it was younger patients who were more likely to undergo reoperation. This
finding would also argue against the possibility that experienced surgeons refer on high risk
cases to less experienced colleagues. Moreover, it is difficult to believe that an unmeasured
confounder, or differences in reporting around the very high average of 89%, would have
the large effect seen here, with an approximate halving of reoperation rates along the
learning curve. The findings from the negative control – rates of reoperations taking place
after 10 years – fail to provide evidence that differences in case mix or reporting explain our
results: indeed they suggest a greater willingness to reoperate, where appropriate, with
increasing surgical experience.

The rate of decrease in reoperations with surgeon experience is of clear clinical importance.
It is tempting to speculate whether a similar curve might be associated with other surgical
implant procedures, particularly those that require intraoperative measurements. There are
also obvious health economic implications: a reoperation incurs significant costs, so the
large differences in reoperation rates reported here would be associated with large cost
differences.

Conclusion
The AUS is a complex prosthetic procedure requiring intraoperative measurements. We
have shown that this complexity translates to a long surgical learning curve, with large
decreases in reoperative rates out to 200 or more procedures. Efforts to flatten the learning
curve (eg. through improved training) are urgently needed. In addition, AUS placement is
rarely performed in high volume settings, with the result that most patients are treated by
inexperienced practitioners. This would appear to result in avoidable complications.
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Figure 1.
The surgical learning curve for reoperative surgery required after implantation of AUS.
Predicted probability (solid) and 95% confidence intervals (dashed) of reoperative surgery
at 5 years after original device implantation are plotted against surgeon experience.
Probabilities are given for a typical patient, i.e. Average age and US residency. Includes
only surgeons with full case history (defined as at least one of the first 10 cases on record).
The overlaying density plot shows the distribution of patients by surgeon experience in a
contemporary cohort (treated between 2000 and 2008).
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Figure 2.
The surgical learning curve for reoperative surgery required after implantation of AUS.
Predicted probability (black) and 95% confidence intervals (dashed) of reoperative surgery
at a. 2 years, b. 6 months after original device implantation are plotted against surgeon
experience. Probabilities are given for a typical patient, i.e. Average age, and US residency
and includes only surgeons with full case history (defined as at least one of the first 10 cases
on record
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Table 2
Distribution of experience at the time of surgery for men 18 and older who received an
Artificial Urethral Sphincter (AUS) between 1988 and 2008

Includes only surgeons with full case history (defined as at least one of the first 10 cases on record).

By surgeon By Patient

Total lifetime number of AUS implant
procedures No. of surgeons (%) Surgeon experience at time of initial

implant No. of patients (%)

<5 4,757 (59) <5 21,984 (37)

5–9 1,443 (18) 5–9 11,696 (20)

10–49 1,679 (21) 10–49 21,395 (36)

50–99 106 (1) 50–99 3,144 (5)

100–199 25 (<1) 100–199 904 (2)

≥200 3 (<1) ≥200 143 (<1)

Total 8,013 Total 59,266
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