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stratified by age category at operation and by calendar year,
remained unchanged during the period of observation. For
example, the percentages of women undergoing surgery for
stress urinary incontinence aged 50 or younger, 51–60, 61–
70 and 70 or older equalled 30%, 24%, 25% and 21% in
1999 and 30%, 26%, 23% and 21% in 2005, respectively.
Likewise, mean (and median) age for women operated upon
in a specific calendar year did not vary markedly during the
period of observation, e.g., 58.9 (and 59) years in 1999 and
58.5 (and 58) years in 2005.

The number of gynaecologists who carried out anti-
incontinence surgery, increased from 211 in 1997 (18% of
all Belgian gynaecologists in 1997) to 357 in 2007 (26% of
all Belgian gynaecologists in 2007), corresponding to a
44% increase in the number of gynaecologists involved.
The number of urologists, performing anti-incontinence
interventions, went from 117 in 1997 (38% of all Belgian
urologists in 1997) to 227 in 2007 (59% of all Belgian
urologists in 2007), corresponding to a 55% increase. The
increase in the number of gynaecologists and urologists
performing anti-incontinence surgery was most marked
between 2001 and 2002, when it amounted to +30%.

Discussion

In 1998, the tension-free mid-urethral prosthetic tape for
treating urinary stress incontinence appeared on the Belgian
market. The data reported in the current paper are taken
from the entire adult female population of our country, not
from a random sample, over an 11-year period. Between
1998 and 2004, there was a nearly fourfold increase in surgical
interventions for stress urinary incontinence in Belgium.
Between 1997 and 2007, the intervention rate in Belgium
increased by 272%. The same phenomenon, but to a lesser
degree, was encountered in The Netherlands [6], the USA
[7] and the UK [8]. In the aforementioned countries, these
increases were attributed to the introduction of the minimal
invasive mid-urethral sling procedures [6–8]. Between
1999 and 2003, there was a 161% increase in the number
of operations for stress incontinence in the Netherlands
[6]. In Belgium, however, the prevalence of anti-incontinence

Fig. 1 Evolution (1997−2007)
of the number of anti-
incontinence surgical procedures
for urinary stress incontinence
in the total Belgian female
population aged 20 or older

Table 1 Rate of surgery for stress urinary incontinence per 1,000
adult women in Belgium from 1997 to 2007

Calendar
year

Total number of
Belgian women
operated upon

Rate of surgery for stress
urinary incontinence per
1,000 Belgian womena

1997 2,153 0.54

1998b 2,249 0.56

1999 2,534 0.63

2000 3,091 0.76

2001c 3,791 0.93

2002 5,758 1.40

2003 7,127 1.73

2004 8,423 2.03

2005 8,518 2.04

2006 7,903 1.89

2007 8,526 2.01

a Denominator: total Belgian female population aged 20 years or older
b April 1998: tension-free vaginal tape put on the Belgian market
c October 2001: tension-free trans-obturator tape put on Belgian market
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25 years of age across all of Australia. Of all procedures
performed in 2009, 85.5% were MUS, outnumbering the
colposuspension 14 to one.

Figure 3 shows the overall trends in per capita rate of all
SUI procedures for women over age of 25 years, over each
decade. There is an increase in per capita rate for each
decade for women over age 55 years, with an increment for

each increasing decade. The rate of SUI surgery uptake is
higher with each decade for women over age 55 years.

Figure 4 shows overall trends in female SUI operations for
women over age 55 years. There has been a one-to-threefold
fold increase in per capita rate uptake of all SUI operations
for women over 65 years of age. The per capita rate
increase is highest amongst the most elderly. This is in
contrast to female SUI procedures for women 25–55 years
of age (Fig. 5), with there being no significant overall
increase in the per capita rate of SUI procedures in this
group from 1994 to 2009.

Figure 5 shows overall trends in specific female SUI
operations for women from age 25 to 55 years. There has
been an increase in per capita rate of female SUI operations
within age group 25–55 years between 2000 and 2006 with
a subsequent reduction in per capita rate in 2009 to similar
levels seen in 1994. There remains a significant reduction in
Burch Colposuspension (and PVS) matched by rapid rise in
uptake of MUS during the 15-year period.

Figure 6 shows the overall trends in specific female SUI
operations for women over the age of 55 years. There has
been a significant increase in per capita rate of uptake of
SUI operations for women >55 years of age. The per capita
rate increase in MUS for the over 55 years group is
sevenfold matched by a fivefold reduction in Burch
colposuspension and a 1.5-fold reduction in PVS for all age
groups above 55 years. Urethral bulking has become the
second most common operation after MUS in this age
group after year 2005. It is also the main contributor
towards the increase in SUI surgery uptake from 1994 to
1998, prior to the rapid uptake of MUS from 1998. In
2009, bulking agents accounted for 7.1% of all SUI
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Figure 2 Trends in female SUI operations for women aged
>25 years. Unless otherwise stated, all changes in per capita rate
or absolute numbers were calculated between 1994 and 2009.
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Figure 3 Trends in all female SUI procedure over each decade
for women aged 25 to >85 years. Unless otherwise stated, all
changes in per capita rate or absolute numbers were calculated
between 1994 and 2009.
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Figure 4 Trends in all female SUI procedure over each decade
for women aged 55 to >85 years. Unless otherwise stated, all
changes in per capita rate or absolute numbers were calculated
between 1994 and 2009.
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per 100,000 person-years (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 partic-
ular. In 2000, the rates for the Burch and sling
procedures were comparable (85.2 per 100,000 per-
son-years [95% CI 76.9–94.4] and 78.3 per 100,000
person-years [95% CI 70.1–87.5], respectively). By
2009, the rate of the Burch had decreased to 10.2 per
100,000 person-years (95% CI 9.3–11.3), and the rate

for sling had increased to 237.4 per 100,000 person-
years (95% CI 219.1–257.3). The rates for collagen
injection decreased from 18.0 per 100,000 person-
years (95% CI 14.9–20.7) in 2000 to 10.7 per 100,000
person-years (95% CI 9.4–12.2) in 2009. The rate for
all other procedures combined (needle suspension,
Kelly plication, total vaginal hysterectomy plus col-
pocystourethrocystopexy, and laparoscopic proce-
dures) decreased from 28.2 per 100,000 person-years
(95% CI 25.2–31.7) in 2000 to 8.1 per 100,000 person-
years (95% CI 7.4–8.9) in 2009. Thus, in 2009, slings
represented 89.1% of all SUI procedures followed by
collagen with 4.0%, Burch with 3.8%, and all other
SUI surgeries combined with 3.0%.

One possible explanation for the observed in-
crease 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 attributable to the aging population, we
estimated age-adjusted rate ratios comparing each
2-year time interval to the rate in 2000–2001. By
evaluating the total rate of SUI surgery while control-
ling for age, we can evaluate the effect 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 with the rate in 2000–
2001, the adjusted rate ratio in 2002–2003 was 1.06
(95% CI 0.99–1.14; P!.09); the adjusted rate ratio in
2004–2005 was 1.14 (95% CI 1.06–1.22; P".001); the
adjusted rate ratio in 2006–2007 was 1.34 (95% CI
1.25–1.43; P".001); and the adjusted rate ratio in
2008–2009 was 1.31 (95% CI 1.22–1.39; P".001).

Figure 2 illustrates the age-specific rates by 2-year
time interval, which is a graphical means of depicting
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Fig. 1. Annual rates of different types of stress urinary
incontinence surgery (SUI) for each year from 2000 to
2009. There was a significant increase in total SUI proce-
dures 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 de-
crease over calendar time: Burch (P".001), collagen injec-
tion (P!.001), laparoscopic SUI procedures (P".001),
transvaginal hysterectomy with colpourethrocystopexy
(P".001), needle suspension (P".001), and Kelly plication
(P".001).
Jonsson Funk. Rates and Time Trends for SUI Surgeries. Obstet
Gynecol 2012.

Table 2. Rates and 95% Confidence Intervals of Inpatient and Outpatient Stress Urinary Incontinence
Procedures From 2000 to 2009 in Women Age 18 to 64 Years

Type of SUI Surgery

Inpatient Procedures Outpatient Procedures Total Procedures

n Rate* 95% CI n Rate* 95% CI n Rate* 95% CI

Sling 47,853 64.7 62.9–66.5 98,895 133.6 129.7–137.7 146,748 198.3 192.8.–203.9
Burch 16,229 21.9 20.9–23.0 2,961 4.0 3.8–4.2 19,190 25.9 24.8–27.2
Collagen 46 0.06 0.05–0.08 8,220 11.1 10.6–11.6 8,266 11.2 10.7–11.7
Laparoscopic SUI procedures 1,371 1.9 1.7–2.0 2,944 4.0 3.8–4.2 4,315 5.8 5.6–6.1
TVH and colpourethrocystopexy 1,328 1.8 1.7–1.9 381 0.5 0.5–0.6 1,709 2.3 2.2–2.5
Needle suspension 765 1.0 0.9–1.2 590 0.8 0.7–0.9 1,355 1.8 1.7–2.0
Kelly placation 308 0.4 0.4–0.5 219 0.3 0.3–0.3 527 0.7 0.6–0.8
Total 67,900 91.7 89.2–94.3 114,210 154.3 150.0–158.8 182,110 246.1 239.7–252.6

CI, confidence interval; SUI, stress urinary incontinence; TVH, transvaginal hysterectomy.
* Rate per 100,000 person-years.
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SUI	  uusintaleikkaukset	  

primaarileikkaus	   38	  340	  

uusintaleikkaus	   2766	  (7,21	  %)	  

3	  leikkausta	   263	  

4	  leikkausta	   41	  

5	  leikkausta	   14	  

6	  leikkausta	   4	  

7	  leikkausta	   1	  



6	  SUI	  leikkausta	  

48	  v.	   7434	  

49	  v.	   7434	  +	  hyst.	  

54	  v.	   7436	  +	  laskeuma	  

56	  v.	   KDG96	  

60	  v.	   LEG10	  

64	  v.	   LEG12	  



Uusintaleikkaus	  Burchin	  
kolposuspension	  jälkeen	  

lukumäärä	   %	  

1.	  leikkaus	  Burch	   9437	  

uusintaleikkaus	   1293	  	  	   13,70	  %	  



Uusintaleikkaus	  TVT:n	  jälkeen	  	  

lukumäärä	   %	  

1.	  leikkaus	  TVT	   17	  466	  

uusintaleikkaus	   546	   3,13	  %	  



Uusintaleikkaus	  transobturatorisen	  
toimenpiteen	  jälkeen	  	  

Lukumäärä	   %	  

1.	  leikkaus	  TOT	  tai	  
TVT-‐O	  
	  

6184	  

Uusintaleikkaus	   141	   2,28	  %	  



absence of an apical procedure code, the odds of complica-
tions were 1.4 times higher in those having a concomitant UI
surgery compared with those undergoing prolapse surgery
only (OR 1.40, 95 % CI 1.23–1.58), while the odds of com-
plications were 1.6 times higher in women with concomitant
UI surgery and hysterectomy compared with prolapse surgery
only (OR 1.61 95 % CI 1.42–1.83). Concomitant hysterecto-
mywas only weakly associatedwith in-hospital complications
compared with prolapse surgery only (OR1.20 95 % CI 1.05–
1.26). When we re-ran the adjusted model in women who
underwent a repair procedure with an apical prolapse proce-
dure there was no significant effect of concomitant procedure
on in-hospital complications.

Discussion

We investigated temporal trends in POP surgery between
1988 and 2005 in Western Australian women and sought to
describe the characteristics of those women undergoing sur-
gery. We also investigated the association between concomi-
tant procedures and the risk of post-operative in-hospital
complications.We found that surgery to treat POP is common,
has low mortality and that concomitant UI surgery increases
in-hospital complications only in women who undergo repair
procedures in the absence of an apical prolapse procedure.

In Western Australia, surgery for benign gynaecological
conditions is common. We have previously estimated that
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unaffected by the selection bias inherent in studies
based on populations enrolled in particular insurance
schemes. Our working hypothesis was that lifetime
risk in our study would be higher than previous
estimates.

MATERIALS AND METHODS
De-identified hospital morbidity and death data were
extracted from the Western Australia Data Linkage
System,8,9 a validated10–12 multi-set system that creates
a linkage key between over 30 population-based
administrative and research health data collections in
Western Australia. We received hospital morbidity
and death data for any female with an International
Classification of Diseases (ICD) diagnosis or proce-
dure code for pelvic organ prolapse on a hospital
separation record. We defined our target case as a
woman aged 18 years or older with a hospital sepa-
ration where both a diagnosis and procedure for
prolapse were recorded. Women with a prolapse
diagnosis who underwent a hysterectomy in the ab-
sence of any other prolapse procedure were excluded
from our case definition as we could not be certain
from the linked data that the hysterectomy was per-
formed primarily for prolapse. Owing to the structure
of the linked data, we were able to distinguish true
first-time procedures for prolapse from second and
subsequent procedures. Only these first-time incident
procedures were included in our analysis.

The year of surgery was classified into five calen-
dar periods: 1981–1985, 1986–1990, 1991–1995,
1996–2000, and 2001–2005, and age at surgery was
grouped into 5-year strata. Age-specific incidence
rates were calculated using stratified procedure counts
(by 5-year age group) and corresponding population
denominators from the Australian Bureau of Statistics.
We estimated lifetime risk based on the cross-sec-
tional age-specific incidence rates in each calendar
period It was derived by first calculating the cumula-
tive incidence as CIi!1-e–IRi.ti in each of the age
groups 18–19, 20–24, 25–29,…, 75–79, 80–84 years.
Survival from prolapse to age 85 years was then given

by: S!"
i !1

14
Si whereof the final estimate of risk of

prolapse through to age 85 years was derived from
CI!1-S.

Age-standardized rates were calculated to assess
the secular trend in surgery over two decades. Rates
were standardized directly to the 2001 Western Aus-
tralia population. Rate and risk calculations were
performed using Microsoft Excel and STATA 10.0
for Windows. The project was approved for investi-

gation by the human research ethics committee of the
University of Western Australia.

RESULTS
During the period 1981–2005 there were 51,137
prolapse procedures performed in Western Australia
hospitals and of these, the surgery was a first-time
procedure in 44,728 women. Figure 1 shows the
cumulative risk of surgery in the 1981–1985, 1991–
1995 and 2001–2005 periods, based on the age-
specific incidence rates in Table 1. Using these cross-
sectional rates, the lifetime risk of undergoing a
first-time procedure for prolapse by age 85 years was
20.5% (95% confidence interval [CI] 18.9–22.1%) in
the 1981–1985 epoch, 21.1% (95% CI 19.8–125
22.6%) in the 1991–1995 epoch and 19.0% (95% CI
17.8–20.2%) for the period 2001–2005.

The age-standardized first-time procedure rate
decreased 25% from 3.5 procedures in 1981 to a low
of 2.6 procedures per 1,000 woman-years in 2005
(Fig. 2). The age-specific incidence rates increased
with age, peaking at ages 45–49 years in 1981–1985
and at the later ages of 65–69 years in the periods
from 1991–1995 to 2001–2005. The median age at
surgery increased from 48.5 years in 1981–1985 to
53.3 years in the 5-year period to 2005.

DISCUSSION
The lifetime risk of POP surgery was 19% based on
incidence rates in the 2001–2005 epoch. The rate of
incident surgery decreased 25% over the 24-year
study period, and the average age of patients under-
going surgery increased. The patterns of age-specific
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Fig. 1. Lifetime risk to age 85 years of undergoing first-time
prolapse surgery in Western Australia for the periods 1981–
1985, 1991–1995, and 2001–2005.
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68.31, 68.41, and 68.51) have increased
over time, from 2639 in 1979 to 13,580 in
2006.

Approximately 40% of women had
!1 comorbid condition(s) at time of
surgery, most commonly oncologic in
nature (21%), followed by cardiovascu-
lar (13%) and endocrine (3.5%) (Table
5). The overall index hospitalization
complication rate was 23.1%. The over-

all complication rate for women under-
going inpatient surgery for pelvic organ
prolapsed over this time period was 29%;
complications occurring at a rate of
!1% are listed in Table 6. In all, !1% of
women were discharged to a short- or
long-term care facility. There were a total
of 2133 inpatient deaths among women
in this study. Among subjects who died,
the average patient age was 69.5 " 10.3

years, and the most common comorbidi-
ties were cardiovascular (60%) and on-
cologic (19%) in nature.

COMMENT
Overall, rates of inpatient surgical proce-
dures for pelvic organ prolapse declined
from 1979 –2006. However, AARs for in-
patient prolapse procedures for women
!52 years old have remained stable from
1979 –2006, while rates have declined by
two-thirds for women !52 years old.
The decrease in overall numbers of pro-
cedures and AARs reflects a decline in
number of procedures performed in
women !52 years old. We believe the
dramatic decrease in inpatient prolapse
procedures performed in women !52
years old is likely related to the decrease
in overall hysterectomies performed for
benign conditions. With an increasing
availability of minimally invasive surgi-
cal options, including uterine artery em-
bolization, endometrial ablation, and
hysteroscopic and laparoscopic resec-
tion of fibroids, the need for surgical re-
moval of the uterus has declined, partic-
ularly in younger patients. In addition,
we reaffirm the assertion by Boyles et al3

that, historically, hysterectomies were
often performed for sterilization but
coded for prolapse, since it does not need
a tissue diagnosis.15 The decrease in sur-
gical procedures performed under the
diagnosis of prolapse in younger women
during this study period may reflect the
advent of safe and effective surgical ster-
ilization via laparoscopy.3 It is important
to understand that the rate of surgical
procedures for prolapse has remained
stable in the population of women at
highest risk and those expected to un-
dergo the greatest population growth
over the next 30 years, those aged !52
years.

Examination of AARs of various pro-
cedures performed for prolapse, includ-
ing abdominal and vaginal hysterec-
tomy, rectocele and cystocele, and
vaginal suspension and fixation, reveals a
reduction in the rate of procedures in
women !52 years old and no significant
change in surgical rates for women !52
years old. The average age of women un-
dergoing surgical correction of prolapse

FIGURE 1
Age-adjusted rates, prolapse procedures, 1979–2006
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FIGURE 2
Age-adjusted rates, prolapse procedures 1979 –2006, stratified by age
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Age-adjusted rates of incontinence procedures per 1000 women from 1979–2006 in the United
States, stratified by patient age, includes trends in hysterectomy for benign causes.
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POP	  uusintaleikkaukset	  

Primaarileikkaus	   77	  906	  

Uusintaleikkaus	   7	  651	  	  (9,82	  %)	  

3	  leikkausta	   926	  

4	  leikkausta	  	   132	  

5	  leikkausta	   23	  

6	  leikkausta	   8	  

7	  leikkausta	   1	  



7	  POP	  toimenpideTä	  
1.  50	  v.	  Dg:	  6182A	  (prolapsus	  

uterovaginalis	  incompletus)	  
Tmp:	  8436	  (VH+KA+KP)	  

2.  54	  v.	  Dg:	  6185A	  (prolapsus	  
vaginalis	  post	  hysterectomiam)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Tmp:	  8434	  kolpokleisis	  

3.  57	  v.	  Dg:	  N81.6	  	  	  	  	  	  	  Tmp:	  LEF41	  
4.  57	  v.	  Dg:	  N81.5	  	  	  	  	  	  	  Tmp:	  LEF03	  
5.  58	  v.	  Dg:	  N81.5	  	  	  	  	  	  	  Tmp:	  LEF03	  
	  
6.  58	  v.	  Dg:	  N81.5	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Tmp:	  LEF03,	  JAH01,	  ZXD10,	  
ZXE00	  

7.  60	  v.	  Dg:	  N81.5,	  N81.6	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Tmp:	  LEF03,	  ZXD10,	  JAH01	  	  
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CI 5.2–5.4) compared with 3.70 per 1,000 person-years
from Fialkow et al12 and 6.62 per 1,000 person-years
from Olsen et al.11 By evaluating incident surgery rates
by age in decades, some of the details regarding the
effect of age may not be evident. In our study, we were
able to provide insight into how SUI surgery rates
change with yearly increases in age, and we found two
peaks in incidence around age 46 and 70–71 years. For
POP, we found that our highest annual risk of incident
surgery was 4.3 per 1,000 women at 71 and 73 years,
and Smith et al27 also noted the highest rate among
65–69 year olds from 2001–2005 with a rate of 5.0
per 1,000 person-years (95% CI 4.7–5.4).

The strengths of this study include the large,
population-based cohort of more than 10 million
women that reflects practice patterns across the entire
country during recent years. This is in contrast to prior
U.S. studies that used data from almost two decades
ago, focused on a single region, evaluated substantially
smaller cohorts, and did not estimate CIs. Our
estimates of lifetime risk are based on the surgery rates
between 2007 and 2011, which reflect practice since
the introduction of mesh procedures for incontinence
and POP.4,5 The magnitude of data allowed for calcu-
lation of incidence rates at every year of age, permitting
a more accurate estimation of cumulative incidence.
We also estimated CIs to provide a sense of the pre-
cision of our age-specific and cumulative incidence es-
timates. Lastly, a novel aspect of our study is that we
accounted for competing risks of mortality, and we

used rigorous, state-of-the-art methodology developed
and used by the National Cancer Institute to estimate
lifetime risk of different types of cancer.16,19,20

Our study also had several limitations. Although
health care claims data provide an enormous number of
patients and procedures to evaluate, they do not permit
a review of past medical records, and we are limited to
the data included in health care claims. For example, we
were unable to evaluate race, body mass index, and
comorbidities such as obesity, diabetes, or smoking with
accuracy. Furthermore, we were limited our ability to
definitively exclude women with prior surgeries; how-
ever, our estimates did not change significantly when we
conducted a sensitivity analysis with a longer look-back
period. For POP surgeries, we included hysterectomies
with a primary diagnosis of prolapse. It is possible that
uterine prolapse may be used as a billable diagnosis to
perform a hysterectomy for a nonbillable reason such as
contraception and, thus, might result in an overestima-
tion of the use of hysterectomy for symptomatic pro-
lapse. These procedures represented 6.4% of incident
procedures for POP and excluding them from the
analysis had a modest effect on the estimates of lifetime
risk. Our rationale for including hysterectomies was that
women with uterovaginal prolapse are commonly under-
treated by a hysterectomy alone because they do not
undergo any concomitant prolapse surgeries. A study of
California discharge data found that only 35% of women
who underwent a hysterectomy for a primary diagnosis
of uterovaginal prolapse had a concomitant apical

Fig. 2. Cumulative incidence, or
lifetime risk, of surgery for stress
urinary incontinence (SUI), pelvic
organ prolapse (POP), or SUI or
POP surgery from age 18 years
through age 84 years. The width of
the lines represents the 95% con-
fidence interval (CI) of the cumu-
lative incidence at each age. The
cumulative incidence (95% CI) by
age 80 years per 1,000 women
was 200.1 (95% CI 198.7–201.5)
for SUI or POP, 135.9 (95% CI
134.8–137.1) for SUI only, and
125.6 (95% CI 124.4–126.7) for
POP only.
Wu. Lifetime Risk of Urogynecologic
Surgery. Obstet Gynecol 2014.

VOL. 123, NO. 6, JUNE 2014 Wu et al Lifetime Risk of Urogynecologic Surgery 1205

Wu	  ym.	  Obstet	  Gynecol	  2014;	  123:1201-‐6	  

Original Research

Lifetime Risk of Stress Urinary Incontinence
or Pelvic Organ Prolapse Surgery
Jennifer M. Wu, MD, MPH, Catherine A. Matthews, MD, Mitchell M. Conover, BS, Virginia Pate, MS,
and Michele Jonsson Funk, PhD

OBJECTIVE: To estimate the lifetime risk of stress urinary
incontinence (SUI) surgery, pelvic organ prolapse (POP)
surgery, or both using current, population-based surgical
rates from 2007 to 2011.

METHODS: We used a 2007–2011 U.S. claims and en-
counters database. We included women aged 18–89 years
and estimated age-specific incidence rates and cumulative
incidence (lifetime risk) of SUI surgery, POP surgery, and
either incontinence or prolapse surgery with 95% confi-
dence intervals (CIs). We estimated lifetime risk until the
age of 80 years to be consistent with prior studies.

RESULTS: From 2007 to 2011, we evaluated 10,177,480
adult women who were followed for 24,979,447 person-
years. Among these women, we identified 65,397 inci-
dent, or first, SUI and 57,755 incident prolapse surgeries.
Overall, we found that the lifetime risk of any primary
surgery for SUI or POP was 20.0% (95% CI 19.9–20.2) by
the age of 80 years. Separately, the cumulative risk for
SUI surgery was 13.6% (95% CI 13.5–13.7) and that for
POP surgery was 12.6% (95% CI 12.4–2.7). For age-
specific annual risk, SUI demonstrated a bimodal peak
at age 46 years and then again at age 70–71 years with

annual risks of 3.8 and 3.9 per 1,000 women, respectively.
For POP, the risk increased progressively until ages 71 and
73 years when the annual risk was 4.3 per 1,000 women.

CONCLUSION: Based on a U.S. claims and encounters
database, the estimated lifetime risk of surgery for either
SUI or POP in women is 20.0% by the age of 80 years.
(Obstet Gynecol 2014;123:1201–6)

DOI: 10.1097/AOG.0000000000000286

LEVEL OF EVIDENCE: III

Stress urinary incontinence (SUI) and pelvic organ
prolapse (POP) are highly prevalent conditions1

that often are managed surgically. Since the introduc-
tion of the tension-free mesh slings in the late 1990s for
incontinence2 and the subsequent development of vag-
inal mesh procedures for POP,3 the surgical manage-
ment of both conditions has increased substantially.4,5

With these recent changes in surgical practice, an
assessment of the lifetime risk of surgery for SUI and
POP is necessary to understand the overall public
health effect and burden of pelvic floor disorders.
Furthermore, lifetime surgical risk has critical implica-
tions regarding the morbidity associated with surgery,6,7

the need for skilled surgeons, and the importance of
training future health care providers. Given that urinary
incontinence and POP are more common in the elderly
population1 and that the U.S. population is aging,8

a contemporary assessment of lifetime surgical risk is
necessary for accurate projections regarding health care
use in the coming decades.9,10

A commonly referenced statistic is that a woman
has an 11.1% lifetime risk of surgery for either
incontinence or POP by the age of 80 years.11,12 This
estimate was based on 384 patients who underwent
surgery in the northwest region of the United States
in 1995. The small number of study patients, limited
geographic region, and results from two decades ago
potentially limit the applicability of the findings to
current surgical practice.
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Our cumulative incidence of 20.0% is nearly double
that of two older U.S studies, which reported rates of
incontinence and prolapse surgery of 11.1%11 and
11.8%.12 We believe that this may be attributable to
several different factors. First, the introduction of new
surgical techniques, namely midurethral synthetic slings
and transvaginal mesh procedures for POP, have re-
sulted in higher rates of SUI 4 and mesh prolapse sur-
geries.5 For example, the rate of sling procedures
increased from 209.7 to 266.5 per 100,000 person-
years from 2000 to 20094 and the rate of vaginal mesh
procedures increased from a rate of 36.7 to 60.8 per

100,000 person-years from 2005 to 2010.5 These prod-
ucts potentially allowed more gynecologists to offer pel-
vic floor repair based on a perception of improved ease
and efficiency. In addition, the regional variation in SUI
and POP surgery in the United States may contribute
with higher rates in the South and the Midwest com-
pared with the Northeast and West.4,5 Both of the prior
studies were based in the Northwest,11,12 which may
have underestimated the overall lifetime risk of surgery.
Finally, previous investigations did not report CIs
around the cumulative risk, and with significantly small-
er sample sizes, these estimates were likely less precise.

Estimated lifetime incidence rates of pelvic floor
surgeries in other countries vary. In The Netherlands,
de Boer et al25 reported a 20.3% risk of prior surgery
in women aged 76–85 years. Among parous women
in the United Kingdom, Abdel-Fattah et al26 found
a 12.2% lifetime risk of incontinence and POP sur-
gery. A cross-sectional study from Australia reported
a rate of 19% for POP surgery, which is significantly
higher than our rate of 12.6%.27 This international
variance could be explained by true global differences
in disease prevalence or differences in surgical prac-
tice patterns. For accurate public health planning, it is
helpful to have current estimates of surgical rates that
are reflective of national practice.

Regarding age-specific incidence, our study
showed similar trends to prior studies with the highest
rates of surgery in women aged 70–79 years.11,12 Our
annual risk of surgery for either incontinence or POP
surgery in this age group was 5.3 per 1,000 women (95%
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Fig. 1. Age-specific annual risk
(per 1,000 women) of surgery for
stress urinary incontinence (SUI),
pelvic organ prolapse (POP), or
either SUI or POP surgery with
95% confidence intervals (CIs).
Wu. Lifetime Risk of Urogynecologic
Surgery. Obstet Gynecol 2014.

Table 2. Estimated Average Age-Specific Annual
Risk of Stress Incontinence Surgery, Pelvic
Organ Prolapse Surgery, or Either
Incontinence or Pelvic Organ Prolapse
Surgery per 1,000 Women

Age
(y) SUI Surgery POP Surgery

Either Incontinence
or

Prolapse Surgery

18–29 0.1 (0.1–0.1) 0.2 (0.2–0.2) 0.3 (0.3–0.3)
30–39 1.7 (1.6–1.7) 1.4 (1.3–1.4) 2.5 (2.4–2.5)
40–49 3.4 (3.4–3.5) 2.4 (2.3–2.4) 4.6 (4.6–4.7)
50–59 3.1 (3.1–3.2) 2.8 (2.7–2.8) 4.5 (4.4–4.5)
60–69 3.3 (3.3–3.4) 3.6 (3.5–3.6) 5.1 (5.0–5.2)
70–79 3.4 (3.4–3.5) 3.8 (3.7–3.9) 5.3 (5.2–5.4)
80–89 1.8 (1.7–1.9) 1.7 (1.6–1.7) 2.6 (2.5–2.7)

SUI, stress urinary incontinence; POP, pelvic organ prolapse; CI,
confidence interval.

Data are annual risk (95% confidence interval).
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OBJECTIVE: To estimate the lifetime risk of stress urinary
incontinence (SUI) surgery, pelvic organ prolapse (POP)
surgery, or both using current, population-based surgical
rates from 2007 to 2011.

METHODS: We used a 2007–2011 U.S. claims and en-
counters database. We included women aged 18–89 years
and estimated age-specific incidence rates and cumulative
incidence (lifetime risk) of SUI surgery, POP surgery, and
either incontinence or prolapse surgery with 95% confi-
dence intervals (CIs). We estimated lifetime risk until the
age of 80 years to be consistent with prior studies.

RESULTS: From 2007 to 2011, we evaluated 10,177,480
adult women who were followed for 24,979,447 person-
years. Among these women, we identified 65,397 inci-
dent, or first, SUI and 57,755 incident prolapse surgeries.
Overall, we found that the lifetime risk of any primary
surgery for SUI or POP was 20.0% (95% CI 19.9–20.2) by
the age of 80 years. Separately, the cumulative risk for
SUI surgery was 13.6% (95% CI 13.5–13.7) and that for
POP surgery was 12.6% (95% CI 12.4–2.7). For age-
specific annual risk, SUI demonstrated a bimodal peak
at age 46 years and then again at age 70–71 years with

annual risks of 3.8 and 3.9 per 1,000 women, respectively.
For POP, the risk increased progressively until ages 71 and
73 years when the annual risk was 4.3 per 1,000 women.

CONCLUSION: Based on a U.S. claims and encounters
database, the estimated lifetime risk of surgery for either
SUI or POP in women is 20.0% by the age of 80 years.
(Obstet Gynecol 2014;123:1201–6)
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Stress urinary incontinence (SUI) and pelvic organ
prolapse (POP) are highly prevalent conditions1

that often are managed surgically. Since the introduc-
tion of the tension-free mesh slings in the late 1990s for
incontinence2 and the subsequent development of vag-
inal mesh procedures for POP,3 the surgical manage-
ment of both conditions has increased substantially.4,5

With these recent changes in surgical practice, an
assessment of the lifetime risk of surgery for SUI and
POP is necessary to understand the overall public
health effect and burden of pelvic floor disorders.
Furthermore, lifetime surgical risk has critical implica-
tions regarding the morbidity associated with surgery,6,7

the need for skilled surgeons, and the importance of
training future health care providers. Given that urinary
incontinence and POP are more common in the elderly
population1 and that the U.S. population is aging,8

a contemporary assessment of lifetime surgical risk is
necessary for accurate projections regarding health care
use in the coming decades.9,10

A commonly referenced statistic is that a woman
has an 11.1% lifetime risk of surgery for either
incontinence or POP by the age of 80 years.11,12 This
estimate was based on 384 patients who underwent
surgery in the northwest region of the United States
in 1995. The small number of study patients, limited
geographic region, and results from two decades ago
potentially limit the applicability of the findings to
current surgical practice.
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