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Abstract

OBJECTIVE—We sought to estimate the number of women who will undergo inpatient and
outpatient surgery for stress urinary incontinence (SUI) or pelvic organ prolapse (POP) in the
United States from 2010 through 2050.

STUDY DESIGN—Using the 2007 Nationwide Inpatient Sample and the 2006 National Survey
of Ambulatory Surgery, we calculated the rates for inpatient and outpatient SUI and POP surgery.
We applied the surgery rates to the US Census Bureau population projections from 2010 through
2050.

RESULTS—The total number of women who will undergo SUI surgery will increase 47.2%
from 210,700 in 2010 to 310,050 in 2050. Similarly, the total number of women who will have
surgery for prolapse will increase from 166,000 in 2010 to 245,970 in 2050.

CONCLUSION—If the surgery rates for pelvic floor disorders remain unchanged, the number of
surgeries for urinary incontinence and POP will increase substantially over the next 40 years.
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Pelvic floor disorders (PFD), including urinary incontinence (UI) and pelvic organ prolapse
(POP), represent a major public health burden given their high prevalence,! significant
impairment of quality of life,23 and substantial economic costs.*® Surgical management of
PFD is common with almost 1 of every 10 women undergoing surgery for Ul or prolapse in
their lifetime.® Unfortunately, the risk for reoperation is as high as 30%.

Given the aging population in the United States’ and the fact that PFD are more common in
the elderly,! these conditions will represent an even greater public health burden in the
coming years. Over the next 4 decades, the US population is estimated to increase 42% from
310.2 million in 2010 to 439.0 million in 2050, with the fastest growing segment of the
population being women aged >65 years.? Using the US Census Bureau population
projections, we estimated that the prevalence of symptomatic PFD will increase by 56%
from 28.1 million to 43.8 million over the next 40 years.19 Because a substantial portion of
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women with symptomatic PFD will be managed surgically, the next critical question is how
many women will undergo surgery for stress Ul (SUI) and POP in the future.

Data regarding the future demand for PFD surgery will be critical to surgeons, including
gynecologists, urogynecologists, and urologists, as well as to residency and fellowship
training programs. Furthermore, these estimates will inform public health officials and
policymakers regarding the potential future disease burden and economic impact of these
surgical procedures. Lastly, the potential magnitude of future SUI and POP surgeries may
underscore the importance of identifying effective preventive measures and nonsurgical
management options. Thus, the objective of this study was to estimate the number of women
who currently undergo both inpatient and outpatient surgeries for SUI and POP in the
United States and to predict these estimates into the future to 2050.

Materials and Methods

Data sources

Analysis

To estimate the number of women who will undergo surgery for SUI and POP in the future,
we utilized 2 critical components of data: (1) inpatient and outpatient surgery rates for SUI
and POP; and (2) US population growth estimates. To be as comprehensive as possible, we
evaluated both inpatient as well as outpatient procedures. Inpatient data were based on the
2007 Nationwide Inpatient Sample (NIS), Healthcare Cost and Utilization Project, Agency
for Healthcare Research and Quality.1! The 2007 NIS represents the largest publicly
available database of hospital discharges in the United States and provides weights to
account for its complex sampling design to calculate national estimates.

Outpatient data were based on the 2006 National Survey of Ambulatory Surgery (NSAS),
National Center for Health Statistics, Centers for Disease Control and Prevention.12:13 The
NSAS was conducted annually from 1994 through 1996 and then again in 2006 and includes
surgical procedures performed on an outpatient basis in a hospital-based or freestanding
ambulatory surgery center but does not include physician office-based procedures.

The second critical component was the US population projections, which is provided by
Census Bureau Population Projections Program.4 The 2008 projections were based on the
2000 census and were produced using a cohort-component method.1® These projections are
based on key assumptions for future births, deaths, and net international migration, and they
estimate population growth from 2010 through 2050 by age, sex, race, and ethnicity.
Because the primary set of population projections are based on middle estimates for all 3
parameters (fertility rate, life expectancy, and net immigration), these data are also referred
to as the middle series.18 The middle series predicts that the total population will grow from
310.2 million in 2010 to 439.0 million in 2050.

This study was exempt from institutional review board review because only publicly
available data were analyzed.

The first step in the analysis was to determine the annual number of women who underwent
both inpatient and outpatient procedures for SUI and POP. For inpatient SUI procedures,
cases were identified by searching the NIS for any discharge associated with botha
diagnosis for Ul and a SUI procedure using a question diagram.1’ For SUI, diagnoses and
procedures were based on /nternational Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes. Ul /CD-9-CM diagnoses codes included 625.6, 599.82,
and 788.30-788.39 and procedure codes included 59.3-59.79. For prolapse, the /CD-9-CM
diagnoses codes were 618.0-618.8, and the procedures codes ranged from 68.3-68.9, 69.2—

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 April 19.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wu et al.

Results

Page 3

69.29, and 70.4-70.92 and included all routes of surgery (vaginal, abdominal, and minimally
invasive). Similarly for outpatient procedures, /CD-9-CM codes were used to identify
women who underwent SUI or POP surgery in the NSAS.

We accounted for the complex sampling design and used the sampling weights, strata, and
cluster information provided by the 2007 NIS to determine national estimates for SUI and
POP surgery using STATA 10.0 (Stata-Corp, College Station, TX). For outpatient data, we
used sampling weights provided by the 2006 NSAS to obtain national estimates of SUI and
POP procedures using SAS 9.1.3 (SAS Institute Inc, Cary, NC) and STATA 10.0.

Next, we calculated the age-specific rates for SUI and POP surgery. Rates were calculated
by dividing the number of women who had surgery in a specific age group in that year by
the total number of women in that same age group in the same year. We calculated the rates
of surgery for women in 20-year age cohorts (20-39, 40-59, 60-79, =80) to determine the
age-specific rates for each type of surgery. We also estimated the 95% confidence intervals
(Cls) for inpatient and outpatient SUI and POP surgery by 20-year age cohort; however, for
several of the age groups in outpatient surgeries, we were unable to calculate the 95% ClI
due to the relatively low frequency of the procedures. Since we did not have consistent 95%
Cl data for all age cohorts for both SUI and POP surgery, we did not use the 95% ClI in our
sensitivity analysis.

We then applied the rates for both inpatient and outpatient SUI and POP surgery to the
population projections. We multiplied the age-specific surgery rates by the number of
women in each age cohort, for each decade from 2010 through 2050. Given that we cannot
accurately predict changes in PFD surgery rates in the future, we assumed that the rates for
both inpatient and outpatient SUI and POP surgery remain unchanged from 2010 through
2050.

For our primary analysis, we used the 2008 national population projections middle series. In
addition to the middle series, the US Census Bureau also estimates the lowest and highest
population projections. Because the lowest and highest series combine the extreme values of
all 3 major components that favor the lowest and highest population growth, respectively,
these extreme projections do not represent likely scenarios. However, they represent the
extremes between which the most likely outcomes should occur.® Projections based on the
lowest series estimate a total population of 291.4 million in 2010 to 313.5 million in 2050.18
In contrast, the highest series predicts the population to grow from 310.9 million in 2010 to
552.8 million in 2050. Given that the lowest and highest series represent the most extreme
scenarios for population growth, these estimates were ideal for sensitivity analyses. We
applied the inpatient and outpatient surgery rates for SUI and POP procedures to the lowest
and highest series to present the widest range for future predictions.

The projections for women who will undergo surgery for SUI and POP were based on the
age-specific rates for both inpatient and outpatient surgery (Table 1). Overall, these
estimates reflect that women aged 20-39 years had the lowest rates for both inpatient and
outpatient surgery for SUI and POP and that these rates increased with each successive 20-
year interval until decreasing for women aged >80 years.

The number of women who will undergo surgery for SUI or POP in the United States will
increase substantially from 2010 through 2050 (Table 2; Figures 1 and 2). The number of
women who will undergo a SUI procedure will increase 47.2% from 210,700-310,050
(Table 2 and Figure 1), and the number of women who will undergo surgery for prolapse
will increase 47.2% from 166,000-245,970 annually (Table 2 and Figure 2). Because we
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abstracted the data for inpatient and outpatient SUI and POP separately, it is important to
remember that these estimates reflect the number of women who will undergo surgery for
either SUI orPOP.

These calculations are based on the assumption that the surgery rates for SUI and POP
surgery will remain unchanged. Because we cannot predict how these rates may vary in the
future, we conducted sensitivity analyses using the US Census Bureau lowest and highest
population projections to present the range of possibilities for these procedures in the future
(Table 2). The ranges for the 2010 estimates are the narrowest, and these ranges widen over
the coming decades as there is greater uncertainty in the assumptions used to determine the
lowest and highest population projections. The lowest number of women who will undergo
SUI or POP surgeries in 2050 will be 243,610 and 192,560, respectively, whereas the
highest 2050 projections indicate that these estimates will be 354,250 and 281,070 for stress
incontinence and prolapse, respectively.

With the aging population in the United States and the higher prevalence of PFD in the
elderly, the number of women who will undergo surgery for SUI and POP will increase
dramatically over the next 4 decades. If the rates for these surgeries remain unchanged,
310,050 and 245,970 women will have surgery for SUI or POP, respectively, in 2050
compared to 210,700 and 166,000 in 2010, representing an overall increase of
approximately 47% over that time period.

This increasing trend for SUI surgeries has been described in previous decades. The number
of women who underwent inpatient SUI procedures increased from 48,345 in 1979 to
103,467 in 2004.19 There was also a concomitant increase in outpatient SUI surgeries from
34,968 in 1996 to 105,656 in 2006.20 It is likely that this dramatic increase was secondary to
the introduction of the minimally invasive tension-free vaginal tape; however, there are no
specific /CD-9-CM codes for midurethral slings making it difficult to make definitive
conclusions. For prolapse, the total number of women undergoing inpatient surgery may be
decreasing as the number of inpatient cases was highest in 1979 at approximately 230,000
and decreased to 187,000 in 2006.21:22 Qutpatient prolapse surgery has remained fairly
stable over the last decade at 43,000 in 1996 and 44,000 in 2006.20

A major strength of this study is that we used high-quality, rigorously derived, national data
regarding the size of the US population as well as evaluated both inpatient and outpatient
surgeries in the same analysis. The US Census Bureau predicts the growth of the US
population using an intricate methodology, and we utilized both the middle series of
projections for our primary estimates and the lowest and highest series for our sensitivity
analyses.1>:16 We also evaluated both inpatient and outpatient SUI and POP procedures
using national data from the N1S! and NSAS.12 Furthermore, these data sets can be used to
estimate national data using the sampling weights; thus, the NIS and NSAS provide the best
estimates for national surgery rates.

One of the limitations of this study is that we assumed that the rates for SUI and POP
surgery remain unchanged, as no one can accurately predict how these rates may vary in the
future. Based on previous data, it appears that SUI rates may be increasing920 while POP
rates may be decreasing.20-21 However, numerous factors can impact these surgical rates,
such as improved prevention strategies, advances in technology and surgical techniques, and
changes in risk factors that impact the prevalence of SUI and POP. These factors may either
increase or decrease future rates. Given these uncertainties, we thought that the best
estimates to use in our analyses were the current surgical rates. More complex models,

Am J Obstet Gynecol. Author manuscript; available in PMC 2013 April 19.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wu et al.

Page 5

which incorporate changes in risk factors, thresholds for surgery, and variation in long-term
surgical effectiveness, might give different projections but it is likely that these would fall
within the wide ranges created by uncertainty in the population estimates. Another limitation
is that we were unable to account for differences by race or ethnicity given that limited data
exist regarding differences in surgical rates for SUI and POP by race. Lastly, because the
NIS and NSAS databases are based on surveys, errors due to nonsampling or measurement
error could occur. These errors include hospital nonresponse, incomplete information,
inaccurately recorded data, and processing errors. However, these databases are rigorously
maintained by the Agency for Healthcare Research and Quality (NIS) and the National
Center for Health Statistics at the Centers for Disease Control and Prevention (NSAS).

Our future projections for SUI and POP surgery have profound implications for women,
surgeons, trainees, policymakers, and public health advocates. The consequences of
performing surgery on an older patient population need to be considered. Although older
patients may be less likely to choose surgery for treatment of SUI or POP, those who opt for
surgery have a significantly increased risk of morbidity and mortality.2324 Qur data suggest
that surgeons will be faced with a higher demand for these procedures, and as a result,
residency and fellowship training programs need to ensure that their graduates are able to
diagnose, manage, and treat these disorders. The fields of gynecology, urogynecology, and
urology will need to assess whether a sufficient number of trained surgeons will be available
and accessible to address the increased demand especially given limitations in work hours
over the last several years.

Currently, female PFD represent a substantial financial burden on both the individual and
the health care system, and given these surgical projections, the future economic impact of
SUI and POP surgery is substantial. Thom et al2® estimated the annual inpatient costs for Ul
to be $110.1 million in 1999. Subak et al® estimated the direct costs for POP surgery based
on 1997 Medicare reimbursement to be $1.0 billion, including $494 million for vaginal
hysterectomy, $279 million for cystocele and rectocele repair, and $135 million for
abdominal hysterectomy. With the increase in projected surgical volume for SUI and POP,
we predict that the treatment costs will increase accordingly unless significant changes occur
in our health care system.

In summary, these data illustrate an expectation that there will be an increase in the number
of surgical procedures performed for both SUI and POP over the coming decades. While it
is unclear how factors such as procedural efficacy, preventive strategies, and nonsurgical
management will change during that time period, the progressive aging of the US population
seems to ensure an increasing health care burden of surgeries to manage PFD. Studies, such
as this, underscore the critical importance of future research on effective prevention and
treatment options for Ul and prolapse. Furthermore, we need to evaluate whether we are
adequately training sufficient health care providers to manage the potential future demand
for the surgical management of SUI and POP.
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FIGURE 1.

Number of women who will undergo surgery for SUI in the United States from 2010
through 2050

SUI, stress urinary incontinence.

Wu. Incontinence and prolapse surgeries, 2010 to 2050. Am J Obstet Gynecol 2011.
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FIGURE 2.

Number of women who will undergo surgery for POP in the United States from 2010
through 2050

POP, pelvic organ prolapse.

Wu. Incontinence and prolapse surgeries, 2010 to 2050. Am J Obstet Gynecol 2011.
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Inpatient and outpatient surgery rates for stress urinary incontinence and pelvic organ prolapse

TABLE 1

Stressurinary incontinence
(rates per 1000 women per year)

Pelvic organ prolapse

(rates per 1000 women per year)

Age y Inpatient (95% Cl) Outpatient (95% Cl) Inpatient (95% Cl) Outpatient (95% CI)
20-39  0.260(0.229-0.292) 0.213 0.343 (0.296-0.391)  0.157

40-59  1.126 (1.004-1.248) 1.264 1.159 (1.037-1.282)  0.486

60-79  1.443(1.286-1.601) 1.651 1.986 (1.783-2.189) 0.733

>80 0.583 (0.501-0.664)  1.101 0.840 (0.736-0.944)  0.229

Total  0.843 (0.754-0.931) 0.948 (0.709-1.187)  1.009 (0.908-1.110)  0.398 (0.267-0.529)

Cl, confidence interval.
Wu. Incontinence and prolapse surgeries, 2010 to 2050. Am J Obstet Gynecol 2011.
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