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Abstract
Objectives—To estimate the rates of stress urinary incontinence (SUI) surgery from 2000-2009
by type of procedure, year, age, and region of the country.

Methods—We utilized data between 2000 and 2009 from a database containing healthcare
claims data from employer-based plans in the United States. We analyzed data for all women aged
18-64 years, identifying all SUI procedures in this population. Rates per 100,000 person-years and
95% confidence intervals (CI) were calculated each year by procedure type, age and region.

Results—The study population included 32.9 million women aged 18-64 years observed for
74,007,937 person-years between 2000 and 2009. During that time, there were 182,110 SUI
procedures for a rate of 246.1 per 1100,000 person-years (95%CI: 239.7, 252.6). The most
common SUI surgery was sling (198.3 per 1100,000 person-years, 95%CI: 192.8, 203.9) followed
by Burch (25.9 per 100,000 person-years, 95%CI 24.8, 27.2). There was a dramatic increase in
slings with a corresponding decrease in Burch procedures from 2000-2009. Other SUI surgeries
had lower rates. Although this trend was evident across all regions, the Northeast had the lowest
rate of SUI surgery, while rates in the West, Midwest and South were 1.44, 1.76, and 2.09 times
higher, respectively.

Conclusions—In a dramatic shift over the last decade, slings have become the dominant
procedure for stress urinary incontinence among women aged 18-64 years. Although this trend
was seen across the U.S., considerable variability exists in the SUI surgery rates by region.

INTRODUCTION
Stress urinary incontinence (SUI) is a highly prevalent condition affecting approximately
13% of women aged 19-44 years and 22% of women aged 45-64 years.(1) These women
suffer from unpredictable episodes of urinary leakage, which profoundly impairs their
quality of life.(2-4) In addition, the economic costs are substantial, totaling over $20 billion
per year in the United States,(4, 5) with 50-75% of these costs due to routine care from
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incontinence pads, diapers, laundry, dry cleaning, odor control, bed pads and skin care
products.

The number of SUI surgeries has increased substantially since the mid 1990's with increases
in both outpatient (6) and inpatient (7, 8) surgical procedures. It is not known if this increase
in the number of procedures simply reflects an increase in the size of the population overall,
a shift in the age distribution as a result of aging ‘baby boomers’, or an actual increase in the
rate at which SUI is managed surgically.

Anecdotally, clinicians believe that there has also been a shift from the Burch procedure to
the midurethral sling, since 1998 when the first midurethral sling was Food and Drug
Administration (FDA)-approved.(9) Recent studies based on the National Hospital
Discharge Survey (NHDS)(7) and the Nationwide Inpatient Sample (NIS) (8) have used
International Classification of Diseases, 9th revision (ICD9) procedure codes to identify SUI
surgeries, but these codes are not sufficiently specific. For example, in 2004, 74% of SUI
surgeries, which represented more than 77,000 procedures, were coded as ICD9 code 59.79
“other repair of SUI”.(7) While the authors speculate that surgeries coded as “other repair of
SUI” were midurethral slings, no definitive conclusions can be made without more specific
codes. Another limitation is that these national databases include either inpatient (7, 8) or
outpatient procedures,(6) limiting the ability of investigators to study overall trends in
surgical management of SUI in a single, nationally representative sample. Detailed
information regarding the trends in SUI surgery, by type of procedure, location of surgery
(inpatient versus outpatient) as well as the impact of age and region of the U.S., would
provide valuable insight into the public health burden of SUI, identify changes in clinical
practice and whether these changes correlate to evidence regarding effectiveness, and
stimulate future research.

In light of these limitations in the existing literature, the objectives of this study were 1) to
estimate the rates of SUI surgery (overall and by type of procedure) for the years 2000-2009
and 2) to estimate the impact of age on these surgical rates, and 3) to identify regional
differences, if any, in the rates of SUI surgery.

MATERIALS AND METHODS
Data Source

This analysis is based on the Thomson Reuters MarketScan Commercial Claims and
Encounters (CC&E) database from 2000-2009 (copyright © 2010 Thomson Healthcare
Incorporated Inc. All rights reserved). This database contains de-identified, individual-
specific clinical utilization and enrollment claims data for inpatient, outpatient and
prescription drug services from approximately 100 payers in the United States. Although the
data are de-identified, unique individuals can be followed over time using encrypted
identification numbers. The database provides information on approximately 3.7 million
individuals in 2000 and increases to 40.0 million in 2009. These data represent the medical
experience of insured employees, their spouses and their dependents until 65 years of age
when they become eligible for Medicare. Of note, in 2006, 57% of the total U.S. population
had employer-based insurance, and a detailed analysis of the database has shown that it is
representative of the non-elderly population with employer-based insurance in terms of
gender, age, and region of the U.S.(11) This study was determined to be exempt from further
review by the Institutional Review Board at the University of North Carolina at Chapel Hill.

SUI Surgery Rates
The study population included all women aged 18-64 years from 2000-2009. Rates were
calculated by dividing the total number of surgeries (including repeat surgeries) by the total

Funk et al. Page 2

Obstet Gynecol. Author manuscript; available in PMC 2013 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



person-time at risk. In order to calculate person-time at risk, we summed all periods of time
when eligible women were enrolled in a contributing health plan. For the numerator, we
identified SUI procedures among eligible women based on the following CPT codes: 57288
for sling; 51840, 51841 or 51851 for Burch colposuspension; 51715 for endoscopic injection
of implant material into the submucosal tissue of the urethra, which we will refer to as
“collagen”; 57220 for Kelly plication; 51845 or 57289 for needle suspension; 51990 or
51992 for laparoscopic urethral suspension or laparoscopic sling operation, respectively,
which we will refer to as “laparoscopic”; and 58267 or 58293 for total vaginal hysterectomy
(TVH) with colpo-urethrocystopexy.”

If multiple CPT codes were recorded on the same service date, we utilized a prioritization
scheme in order to identify only one SUI procedure for each date of service. The
prioritization for SUI surgeries was the following: Burch followed by a laparoscopic SUI
surgery, TVH+colpo-urethrocystopexy, sling, needle suspension, collagen injection and then
Kelly plication. This hierarchy was utilized to avoid double counting, as it would be
uncommon to undergo two different SUI procedures on the same date of service. If both an
inpatient and outpatient procedure claim occurred on the same service date, we
preferentially included the inpatient procedure, again in order to avoid double counting.
However, if a woman underwent several SUI procedures on different service dates, each
SUI procedure would be counted in this analysis.

Statistical Analysis
We estimated the rate of SUI surgery overall as well as procedure and location (inpatient vs
outpatient) specific, procedure and calendar-year specific, age and calendar-year specific,
and age and region specific rates for SUI surgery. We estimated 95% confidence intervals
(CIs) based on the Poisson distribution. Rates and CIs are reported per 100,000 person-years
(100Kpy). In order to adjust for differences in the age distribution over calendar time and
across regions, we estimated age-adjusted rate ratios (adjRR) using Poisson regression by
including age as a 5-level categorical variable plus a linear term to account for residual
variation within age levels. Wald chi-square statistics were used to test the significance of
independent predictors with a two-sided alpha=0.05. All confidence intervals were estimated
and statistical tests were conducted using Poisson regression with the dispersion parameter
empirically estimated by the Pearson chi-square divided by the degrees of freedom to
account for overdispersion.(12) Analyses were performed using SAS, v9.2 (SAS Institute,
Cary, NC).

RESULTS
The study population included 32.9 million women aged 18-64 years in the database from
2000-2009. Table 1 lists the person-time contribution for the population at-risk of all women
aged 18-64 years, divided by age group (18-24, 25-34, 35-44, 45-54, 55-64 years), calendar
year, and region of the U.S. These women contributed a total of 74,007,937 person-years of
observation with a median person-time of 1.75 years (interquartile range (IQR) 0.9, 3.0
years, range 0.003-10.0 years). The shorter median person-time contribution reflects the
higher person-time contribution in the later years, such as 2009 (13.4 million person-years)
when compared to earlier years such as 2000 (1.3 million person-years) (Table 1).

From 2000-2009, we identified a total of 182,110 SUI procedures, among which slings
contributed 146,748 procedures followed by the Burch at 19,190 and then, in decreasing
order, collagen, laparoscopic procedures, TVH+ colpo-urethrocystopexy, needle suspensions
and lastly Kelly plication with only 527 procedures (Table 1). Age at the time of surgery,
calendar year of surgery, and region for patients who underwent any SUI procedure , as well
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as each specific SUI procedure are presented in Table 1. The mean age of women at the time
of surgery was 39.5 ± 13.3 years.

The overall rate of any SUI surgery was 246.1 per 100Kpy (95%CI 239.7, 252.6) (Table 2).
The rate was highest for slings (198.3 per 100Kpy, 95%CI: 192.8, 203.9). The remainder of
the SUI procedures had lower rates. The Burch procedure was the next most common with a
rate of 25.9 per 100Kpy (95%CI 24.8, 27.2), followed by collagen/endoscopic injections at
11.2 per 100Kpy (95%CI 10.7, 11.7). Laparoscopic SUI procedures, needle suspensions,
TVH+colpo-urethrocystopexies and Kelly plications were relatively uncommon (Table 2).
The majority of procedures (62.7%) were performed on an outpatient basis (Table 2). Slings
and laparoscopic SUI surgeries were more commonly performed on an outpatient basis,
while the Burch procedure and TVH+colpo-cystourethropexies were more commonly
performed in the inpatient setting.

As illustrated in Figure 1, there was a 27% increase in the rate of SUI surgery over the 10-
year time period from 209.7 per 100Kpy (95%CI 191.2, 230.0) in 2000 compared to 266.5
per 100Kpy (95%CI 246.0, 288.6) in 2009. This increase in surgeries overall was not the
result of a uniform increase in all of the types of procedures but rather an increase in slings
in particular. In 2000, the rates for the Burch and sling procedures were comparable (85.2
per 100Kpy [95%CI 76.9, 94.4] and 78.3 per 100Kpy [95%CI 70.1, 87.5], respectively). By
2009, the rate of the Burch had dropped to 10.2 per 100Kpy (95%CI 9.3, 11.3), and the rate
for sling had increased to 237.4 per 100Kpy (95%CI 219.1, 257.3). The rates for collagen
injection decreased from 18.0 per 100Kpy (95%CI 14.9, 20.7) in 2000 to 10.7 per 100Kpy
(95%CI 9.4, 12.2) in 2009. The rate for all other procedures combined (needle suspension,
Kelly plication, TVH+ colpo-cystourethrocystopexy and laparoscopic procedures) decreased
from 28.2 per 100Kpy (95%CI 25.2, 31.7) in 2000 to 8.1 per 100Kpy (95%CI 7.4, 8.9) in
2009. Thus, in 2009, slings represented 89.1% of all SUI procedures followed by collagen at
4.0%, Burch at 3.8% and all other SUI surgeries combined at 3.0%.

One possible explanation for the observed increase in the total rate of SUI surgery over time
was that the population was older, on average, during later time periods and we know that
the rate of SUI surgery is higher in older women. To further evaluate whether the increase in
the rate for any SUI surgery over time was primarily due to the aging population, we
estimated age-adjusted rate ratios (adjRR) comparing each two-year time interval to the rate
in 2000-2001. By evaluating the total rate of SUI surgery while controlling for age, we can
evaluate the impact of calendar year on surgery rates. After adjusting for age, the rate was
not significantly different in 2002-2003 but rates were significantly elevated in each of the
subsequent calendar periods. Compared to the rate in 2000-2001, the adjRR in 2002-2003
was 1.06 (95%CI: 0.99, 1.14; p=0.09); the adjRR in 2004-2005 was 1.14 (95%CI: 1.06,
1.22; p=0.0002); the adjRR in 2006-2007 was 1.34 (95%CI: 1.25, 1.43; p<0.0001); and the
adjRR in 2008-2009 was 1.31 (95%CI: 1.22,1.39; p<0.0001).

Figure 2 illustrates the age-specific rates by two-year time interval, which is a graphical
means of depicting the rate of SUI surgery for women at every specific age and how these
rates change from 2000 to 2009. In this figure, we see evidence of the increase in the rate of
SUI surgery with age and the increase across calendar time. This figure also indicates that
there was a particularly large increase over calendar time in the rate among women aged 35
to 50. For example, between 2000 and 2009, the rate for a 28, 38, 48, and 58 year old
changed by - 0.9, 126.2, 96.8, and 13.3 per 100Kpy, respectively.

We also observed overall differences in SUI surgery by region of the U.S. In order to assess
whether this was driven by differences in the age distribution among the regions, we
estimated age-adjusted rate ratios (adjRR) comparing each region to the rate in the
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Northeast. The age-adjusted rates were significantly elevated in each of the other regions.
Compared to the Northeast, the adjRR in the West was 1.44 (95%CI: 1.38, 1.51; p<0.0001);
the adjRR in the Midwest was 1.76 (95% CI: 1.68, 1.83; p<0.0001); and the adjRR in the
South was 2.09 (95%CI: 2.01, 2.18; p<0.0001). Figure 3 illustrates that the rate was highest
in the South and lowest in the Northeast across all ages.

DISCUSSION
In women aged 18 to 64, there has been a 27% increase in the rate of surgical management
of SUI since 2000. This increase has been accompanied by widespread adoption of the sling,
which now dominates all other SUI procedures. Less effective SUI procedures like the Kelly
plication (13, 14) and needle suspensions (15) are rarely performed.

In order to further understand what factors underlie the increase in the rate of SUI surgeries,
we also evaluated the influence of age and region of the U.S. The increase in the rate of SUI
surgery persists even after adjusting for differences in the age distribution over calendar
time. Interestingly, the age-specific rates indicate that there has been a dramatic increase in
the rate of SUI surgery specifically in women aged 35 to 50 years from 2006-2009
compared to 2000-2005.

Important regional differences in the rates of SUI surgery were also noted, even after
adjusting for age. While there are a number of factors that may explain these regional
differences including variation in the prevalence of SUI, the fact that the rate is two times
higher in the South compared to the Northeast implies the need for future research to explore
the underlying reasons for these differences and to evaluate whether over-treatment or
under-treatment exists in certain regions of the U.S.

A major strength of this study is the database used. First, this database provides CPT codes
for procedures, which are more informative than ICD9 procedure codes which are utilized
by other national databases such as the NIS and NHDS. Prior studies on national SUI
surgery trends have reported that the most common SUI procedure is ICD9 code 59.79,
which represents “other repair of SUI”, a vague description which does not indicate a
specific SUI procedure.(6-8, 16) Second, we had the unique ability to calculate enrollment
periods in order to estimate rates for SUI procedures, as data regarding population-based
rates are quite limited. Third, we were able to identify both inpatient and outpatient
procedures (and thus any procedure) from one data source rather than estimating the rate for
all SUI procedures using different databases. Finally, the sample represented in this database
has good external validity. Specifically, it is more representative of the female population in
the U.S. than data obtained from subspecialty centers or specific institutions, as it represents
a very large sample of commercially insured women across the United States,.

While the database has unique strengths, there are also several limitations. Because the data
are derived from employer-based insurance plans, we do not have information regarding
Medicaid or Medicare patients. Our study population included women aged 18 to 64, and we
were not able to examine trends in elderly women aged 65 and older. Based on prior
published data, the rate of SUI surgery in elderly women has been shown to be higher than
those less than 65 years. For example in 2007, the rate of inpatient SUI surgery in elderly
women was 123.4 per 100,000 person-years versus 74.8 per 100,000 person-years in women
less than 65 years of age.(8) Given this, the national SUI surgery rates for all women are
likely to be significantly higher than what we report; however, we provide novel age and
procedure-specific rates for SUI surgery for non-elderly women.

We were also not able to evaluate other factors that might be associated with SUI surgery
rates, such as race or body mass index, as these characteristics are not captured by this
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database. Additionally, CPT codes for SUI surgery do not provide detailed information
regarding the sling material and the type of sling performed. For example, we cannot
distinguish between a traditional bladder neck sling versus a midurethral sling, nor whether
the midurethral sling was a retropubic or transobturator procedure. Lastly, our analysis
focused on all SUI surgeries performed from 2000-2009 which includes initial as well as
repeat SUI surgeries during this time period. Future research could explore rates of repeat
surgery and predictors for reoperation.

While slings have become the predominant procedure for treating SUI, they were only FDA-
approved in 1998,(9) thus, long-term data are limited. Furthermore, a recent FDA
notification in July 2011 highlighted concerns regarding the safety of vaginally placed mesh
for prolapse and also stated that “the FDA continues to evaluate the literature for SUI
surgeries using surgical mesh and will report about that usage at a later date.”(18) Thus, it
will be critical to evaluate the long-term safety and efficacy of slings, particularly for
younger women in whom rates of SUI surgery have increased. The fact that the rate of SUI
surgery has increased in women aged 35 to 50 raises questions regarding what factors
underlie this trend. Does this increase reflect a heightened awareness of and willingness to
pursue surgical management? Is the trend due to a greater number of providers performing
SUI surgeries especially after the introduction of the midurethral sling? And what will be the
long-term implications of a higher rate of slings in younger women? If the FDA reports
concerns regarding midurethral slings, there will be dramatic ramifications patients,
surgeons, and trainees, who have limited experience with other types of SUI procedures.

In conclusion, we provide evidence that slings are the primary SUI surgery performed in
women aged 18 to 64 years and that all other SUI procedures are relatively uncommon as of
2009. The population-based data presented in this study demonstrate valuable information
on current practice patterns and offers important insights for training programs and
policymakers. Given the FDA's ongoing investigation into the risks of vaginal mesh for SUI
surgery, it will be critically important for future research to carefully evaluate the long-term
outcomes of slings compared to other stress incontinence surgeries.
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Figure 1.
Annual rates of different types of stress urinary incontinence (SUI) surgery for each year
from 2000 to 2009. There was a significant increase in total SUI procedures over the
calendar year (P<.001). There was also a significant increase for slings over calendar time
(P<.001). For all remaining procedures, there was a significant decrease over calendar time:
Burch (P<.001), collagen injection (P=.001), laparoscopic SUI procedures (P<.001),
transvaginal hysterectomy with colpo-urethrocystopexy (P<.001), needle suspension (P<.
001) and Kelly plication (P<.001).
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Figure 2.
Age-specific rates for all of stress urinary incontinence (SUI) surgeries from 2000 to 2009
stratified by two-year intervals. The increase in SUI surgery rate after adjusting for age is
not statistically significant when 2002-2003 is compared to 2000-2001 (P=.09). For all
subsequent two-year time intervals, there is a significant increase in the SUI surgery rate
compared with 2000-2001 (2004-2005, P<.001; 2006-2007, P<.001; 2008-2009, P<.001).
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Figure 3.
Age-specific rates for of stress urinary incontinence (SUI) surgery for 2000-2009 stratified
by region of the country. After adjusting for age, all regions have significantly higher rates
of SUI surgery when compared to the Northeast (P<.001).
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