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Abstract
To describe trends in the utilization of surgical procedures for pelvic organ prolapse among women
in Olmsted County, MN, we retrospectively identified all county residents undergoing pelvic organ
prolapse repair from January 1, 1965 through December 31, 2002. From 1965 to 2002, 3,813 women
had pelvic organ prolapse surgeries: 3,126 had hysterectomy combined with pelvic floor repair (PFR)
procedures and 687 had PFR alone. The age-adjusted utilization of hysterectomy plus PFR and of
PFR alone decreased by 62% (P<0.001) and 32% (P= 0.02), respectively. In both groups, utilization
decreased in all age groups over time except in women aged 80 years and older undergoing
hysterectomy plus PFR and women aged 70 years and older undergoing PFR only. The most common
indication for PFR was uterovaginal prolapse. Among women in the community, the rate of utilization
and age distribution of pelvic organ prolapse surgery changed substantially between 1965 and 2002.
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Introduction
In 1997, approximately 225,000 women underwent surgery for pelvic organ prolapse in the
United States. Pelvic organ prolapse is a common medical condition that represents the leading
indication for hysterectomy in women aged 55 years and older in the United States [1–3].
Depending on the population studied, between 7% and 14% of all hysterectomies are performed
because of pelvic organ prolapse [4–7]. An estimated 11% of all women will have a surgical
intervention for this condition during their lifetime, and 30% of these women will undergo
repeat operation for prolapse recurrence [8]. In addition, 42% of women undergoing a surgical
intervention for stress urinary incontinence also have concomitant prolapse repair [8].
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The lifetime incidence of pelvic organ prolapse is high, but the prevalence varies widely. In a
Swedish study, 31% of women aged 20 to 59 years had prolapse [9]. However, half of them
had a mild, clinically insignificant prolapse, and only 2% had a symptomatic prolapse. Even
though severe morbidity from pelvic organ prolapse is rare [10], the condition commonly
impairs a woman’s quality of life as the result of a protruding mass from the vagina,
dyspareunia, low back pain, pelvic pressure, or difficulty with bladder and bowel evacuation
[11,12].

The National Hospital Discharge Survey has been used to assess the prevalence, regional
distribution, demographic characteristics, morbidity, and mortality of surgery for pelvic organ
prolapse in the United States [2,3]. These surveys are derived from a multistage probability
sample of nonfederal, inpatient hospital discharges. The most recent update suggested that the
rate of prolapse repair procedures decreased from 2.2 per 1,000 women in 1979 to 1.5 per 1,000
in 1997. Because these studies characterized age into two categories (<50 and ≥50 years),
information on the age distribution of women undergoing prolapse surgery is limited.

Although the 1997 survey separated single (e.g., vaginal hysterectomy) from combined
procedures (e.g., vaginal hysterectomy and cystocele repair), temporal trends are not available
at this level of detail. This information is important because most patients undergo combined
procedures [2] and because hysterectomy is a putative risk factor for pelvic organ prolapse.
Thus, a more clinically detailed, population-based study of prolapse surgery in the United
States is imperative. The primary objective of our study was to explore secular trends in the
utilization rates and types of surgical procedures performed for pelvic organ prolapse in
Olmsted County, MN by using the data resources of the Rochester Epidemiology Project.

Materials and methods
Research setting

Medical care in Olmsted County, located in the southeastern part of Minnesota, is virtually
self-contained within the community, thus allowing population-based epidemiologic research
into the incidence and determinants of diverse diseases and therapeutic interventions [13].
Women’s surgical care is provided almost entirely by Mayo Clinic and Olmsted Medical
Center. Mayo Clinic has maintained a common medical record with its two large affiliated
hospitals (Rochester Methodist and Saint Marys) for 100 years. This dossier-type record thus
contains both inpatient and outpatient data, and specific records are easily retrieved for review
because diagnoses and surgical procedures are indexed [14]. The medical records of the other
providers who serve the local population, most notably Olmsted Medical Center with its
hospital, are similarly indexed by the Rochester Epidemiology Project [13]. Thus, the details
of almost all the medical care provided to Olmsted County residents are available for study
through this medical record linkage system. This population has been extensively studied
previously for the purpose of reporting the epidemiology of surgical procedures [15–17].

Study subjects
After approval from the Institutional Review Boards of Mayo Clinic and Olmsted Medical
Center, the Rochester Epidemiology Project database was used to identify all women residing
in Olmsted County who underwent surgical procedures for pelvic organ prolapse between
January 1, 1965, and December 31, 2002. Surgical procedures for pelvic organ prolapse were
broadly divided into pelvic floor repairs (PFR) alone or PFR with hysterectomy. The procedure
type and indications were identified electronically using the Berkson coding system from
January 1, 1965 to December 31, 1987 (Table 1) and the International Classification of
Diseases, 9th Revision, Clinical Modification procedural codes from January 1, 1988 to
December 31, 2002 (Table 2). In 100 randomly selected women, the procedure type in the
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electronic record system was manually compared with the procedure type listed in the surgical
note; these two sources agreed in 99% of cases.

The procedures were then matched with their corresponding indication codes as contained in
the electronic medical records of the operation and with the pathologic diagnosis. If multiple
diagnoses were present, the principal indication for operation was assigned using the
hierarchical system established by the Centers for Disease Control and Prevention [18]. If
cancer of the reproductive tract was among the listed diagnoses, it was assigned as the primary
indication. Next, if debulking of cancer of the intestinal or urinary tract was listed, debulking
was assigned as the indication for the procedure. If a precancerous condition such as
endometrial hyperplasia or carcinoma in situ of the cervix was listed, and no diagnosis of cancer
listed, then the precancerous condition was selected as the diagnosis. If cancer or a precancerous
condition was not listed, the diagnoses were then scanned for uterine leiomyoma,
endometriosis, or uterine prolapse, and the first of these listed diagnoses was selected as the
primary indication. A similar approach was used for menstrual disorders, menopausal
disorders, and inflammatory diseases of the pelvis; the remaining records were placed in the
“other” category.

Statistical analysis
To be considered an incident case, the patient must have been residing in Olmsted County at
the time of the surgical procedure. Patients were excluded if they had a procedure that did not
involve any type of PFR either alone or in combination with other procedures. For estimating
utilization rates (incidence density), the entire population of women in Olmsted County was
considered to be at risk for the procedure; the denominator and age-specific person-years were
derived from decennial census data, with linear interpolation between census years [19]. The
utilization rates were directly age-adjusted to the population structure of white females in the
United States in 2000 because this is the population that most resembles Olmsted County (99%
white in 1970, 98% in 1980, 96% in 1990, and 90% in 2000). Standard errors and 95%
confidence intervals for the rates were estimated, assuming that the incidence of cases followed
a Poisson distribution [19,20].

Temporal trends in the incidence rates for hysterectomy combined with any kind of PFR, and
separately for PFR alone, were assessed using Poisson regression models, incorporating age
group, calendar period, and age-by-period interaction terms as predictors.

Because PFR comprises several procedures and some of these procedures were observed
infrequently, several categories were collapsed. Thus, for example, “any other pelvic floor
repairs” includes all other PFR except cystocele repair, cystocele and rectocele repair, vaginal
reconstruction and fixation, vaginal fixation/suspension, and fistula repair.

To assess the association of calendar period, age, and “route” of procedure with types of
surgical procedures for pelvic organ prolapse, a multiple logistic regression model was used
to estimate the odds of a combined cystocele repair, rectocele repair, and perineoplasty versus
a cystocele repair procedure only. Age, calendar period, “route” of procedure (vaginal,
abdominal, PFR), age-by-period, and “route”-by-period interaction terms were incorporated
as predictors. The odds ratios and 95% confidence intervals for cystocele repair, rectocele
repair, and perineoplasty versus cystocele repair alone were estimated from the coefficients
(and their standard errors) in the model. The reference category was the abdominal route for
hysterectomy during the 1965 to 1974 calendar period.
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Results
On review of the database, 10,578 women were initially identified as having undergone pelvic
organ prolapse procedures during the 38-year study period. Women who had undergone
hysterectomy only (n=6,150) were excluded from this study, as were 615 patients who did not
authorize use of their medical records for research [21]. The remaining 3,813 women who had
pelvic organ prolapse procedures were included in this analysis: 3,126 women had
hysterectomy combined with a PFR procedure, and 687 women had PFR procedures only.

Temporal trends for hysterectomy combined with PFR
The overall age-adjusted utilization rate for hysterectomy combined with any kind of PFR
decreased by 62%, from 343 per 100,000 person-years in 1965 to 1974 to 130 per 100,000 in
1995 to 2002 (P<0.001) (Fig. 1), as we reported previously [22]. Except in women aged 80
years and older, the incidence of combined hysterectomy and PFR decreased in all age groups
(Table 3). The decrease was most pronounced (by 82%) among women aged 30 to 39 years.
In contrast, among women aged 80 years and older, the annual incidence increased by 61%,
from 87 per 100,000 person-years in 1965 to 1974 to 141 per 100,000 person-years in 1995 to
2002. The age-specific rates were significantly associated with age group (P<0.001) and
calendar period (P<0.001). In addition, a significant age-by-period interaction was found
(P<0.001), implying that the magnitude of temporal changes varied by age group.

Temporal trends for PFR alone
The overall age-adjusted utilization of PFR alone decreased by 32%, from 37 per 100,000
person-years in 1965 to 1974 to 25 per 100,000 in 1995 to 2002 (P=0.02) (Fig. 1). Except in
women aged 70 to 79 years and 80 years and older, the incidence of PFR alone decreased in
all age groups (Table 4). The decrease in utilization was most pronounced (by 63%) among
women aged 40 to 49 years and least (by 40%) among women aged 50 to 59 years. Among
older women, the annual incidence increased by 52% in those aged 70 to 79 years and by 61%
in those 80 years and older. Age-specific rates were significantly associated with age group
(P=0.02) and calendar period (P=0.03). As with PFR plus hysterectomy, an age-by-period
interaction was seen (P<0.001), implying that the magnitude of temporal changes observed
was not uniform across age groups.

Procedure type, age distribution, and associated diagnosis
In terms of the number of procedures performed among different age groups, women younger
than 30 years had the highest number of PFR procedures alone. When PFR was combined with
hysterectomy, whether abdominal or vaginal, women aged 40 to 49 years accounted for the
greatest number of procedures (Table 5). The category “Vaginal hysterectomy with any other
pelvic floor repairs” is large because the Berkson code, 4710, includes vaginal hysterectomy
plus PFR but does not specify the type of PFR.

We performed a subset analysis of 2,193 cases, comparing patients undergoing cystocele repair
alone with patients undergoing multicompartment repair (cystocele, rectocele, and
perineoplasty). Patients having vaginal construction/reconstruction, fistula repair, vaginal
suspension, or other types of repairs were not included. On the basis of logistic regression
analysis, the odds of having a combined procedure (vs cystocele repair alone) were greater for
those undergoing a vaginal hysterectomy or PFR alone relative to those having an abdominal
hysterectomy in the reference period (1965–1974) (Table 6). This trend continued throughout
the remaining periods of study, with some variance. In general, the odds of having a
multicompartment repair versus cystocele repair increased with each calendar period,
regardless of the route of hysterectomy (Table 6).
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With respect to the indications, as would be expected, the leading indications for these
procedures were uterovaginal prolapse (34%) followed by leiomyoma (25%) and precancerous
conditions (22%). Other indications were endometriosis, menopause, and other conditions
(8%); menstrual disorders (7%); and cancer (4%).

Discussion
Similar to the National Hospital Discharge Summary database results [3], our data show that
the utilization of pelvic organ prolapse surgery in the United States has decreased over time.
Indeed, our findings suggest that the overall age-adjusted rates of prolapse surgery, as either
hysterectomy combined with any type of PFR or PFR alone, progressively decreased by 62%
and 32%, respectively, between 1965 and 2002. The overall age-adjusted annual utilization
rate for PFR procedures decreased from 380 to 154 per 100,000 person-years between 1965
and 2002.

Allowing for regional variations and differences in time periods, these temporal trends are
comparable to the corresponding decrease from 220 to 150 per 100,000 person-years between
1979 and 1997 reported by the National Hospital Discharge Summary [3]. A large health
maintenance organization, the Kaiser Permanente system, reported an age-specific incidence
of 263 per 100,000 person-years for any prolapse procedure in 1995 [8]. In contrast to those
studies, the primary criterion for identifying procedures in our study was procedure code for
the type of operation (i.e., hysterectomy with PFR or PFR alone) rather than the indication
(i.e., prolapse). This method was used because we primarily wanted to capture surgical
procedures for prolapse and minimize the inclusion of women who had procedures performed
primarily for other indications (e.g., fibroids) but who also had prolapse. This distinction is
important because pelvic organ prolapse is so common; in one large study, less than 10% of
asymptomatic women had no (i.e., stage 0) prolapse [23].

Our data suggest that temporal trends were strongly influenced by patient age. The most
pronounced decrease in hysterectomy utilization was among women younger than 40 years.
In contrast to the overall trend, the utilization rate for hysterectomy combined with PFR
increased among women aged 70 to 79 years between 1995 and 2002 compared with the
previous period; a similar trend was observed among women aged 60 to 69 years undergoing
PFR alone. The National Hospital Discharge Survey study also observed a greater decrease in
the age-adjusted rate of prolapse procedures among women aged 50 years and older [3].

No direct estimates have been made of the prevalence of pelvic organ prolapse in the
community. However, the proportion of vaginal hysterectomies performed for pro-lapse in
Olmsted County also decreased from 33% to 16% between 1965 and 2002, as shown in our
previous study [22]. Altogether, these observations suggest that the incidence of pelvic organ
prolapse or the use of surgical procedures to manage prolapse (or both) has decreased over
time, particularly among younger women.

Several factors may account for changes in the rates of prolapse surgeries, such as changes in
practice patterns due to health care reform, increased patient education, and new minimally
invasive options for treatment of benign gynecologic conditions [18]. Hysterectomy is a risk
factor for pelvic organ prolapse [8]. Indeed, the cumulative risk of surgically treated prolapse
after hysterectomy increases linearly over time to 5% at 15 years [24]. Moreover, case-control
and population-based cohort studies suggest that the risk of a subsequent PFR after
hysterectomy is higher when hysterectomy is performed for genital prolapse [25,26]. Because
hysterectomy is a potential risk factor for pelvic organ prolapse [24], it is conceivable that the
observed decrease in hysterectomy utilization rates [7,22] may also be contributing to the
overall decrease in procedures for pelvic organ prolapse.
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In contrast, the increased utilization of PFR among elderly women in the most recent time
period may be a result of an increased prevalence of prolapse or may be because elderly women
with pelvic prolapse are now more likely to undergo surgical repair.

Since the 1985–1994 period, surgeons have increasingly favored multicompartment repair
(cystocele repair and/or rectocele repair and/or perineoplasty) over cystocele repair alone,
which reinforces previous observations that women with pelvic organ prolapse often have
multiple anatomic defects [27]. Therefore, they often undergo multiple procedures during the
same operation [2]. It is unclear whether these temporal trends reflect an increased prevalence
of multicompartment defects or an increasing appreciation among urogynecologists that pelvic
organ prolapse is a multicompartment disorder.

More than 80% of women in our study had a PFR procedure in conjunction with hysterectomy.
However, 75% of all PFR procedures in women younger than 30 years did not include
hysterectomy. For women aged between 30 and 60 years, most PFR procedures included
hysterectomy. Thereafter, the proportion of women who had PFR alone increased, reaching
32% for women aged 80 years and older. It is likely that this bimodal distribution of isolated
PFR procedures is composed of younger women who have not had a hysterectomy and older
women who have had a hysterectomy previously. Also of interest, between 1985 and 1994,
there was a pronounced blip (i.e., an increase) in the age-adjusted utilization of PFRs alone
among women aged younger than 40 years.

These data have substantial implications for public health. It has been suggested that
approximately one-third of women with pelvic organ prolapse will require surgery [28] and
many will require more than one procedure in their lifetime. Although the overall rates have
decreased up to 2002, this trend may abate given increased utilization of these procedures in
the elderly and the aging of the US population. Conversely, because pelvic surgery for benign
conditions may increase the risk for pelvic surgery in the future [8], the decreasing utilization
of PFR in younger women may in turn decrease the need for pelvic surgery among older
women. Advances in medical therapies for comorbid conditions, as well as surgical techniques
and anesthetic options, may allow a more aggressive approach than in previous decades.
Evolving data suggest that older patients tolerate surgical intervention for those conditions
well, with low associated complication rates [29].

Because our data were obtained from an existing database, the accuracy of procedure coding
is a possible limitation. However, the procedure type in the electronic record system agreed
with the procedure type listed in the actual surgical note assessed manually in 99% of cases.
Other pertinent clinical information (such as gravidity and parity, associated medical
conditions, and possible procedure-related complications) was not collected, limiting our
ability to collate the possible surgical and medical complications associated with prolapse
surgeries. Furthermore, the overall rate and numbers of procedures reflect primary surgery in
some women and repeat surgery in others because it is not possible to completely distinguish
them in this database. The rate of nonsurgical treatment for prolapse in the community is still
unknown because some women with pelvic organ prolapse are relatively asymptomatic and
therefore have not sought care, whereas other symptomatic women also may not have sought
care or may have declined suggested therapies. Finally, given the lack of significant racial
diversity in our community, our findings may not be applicable to more racially diverse
settings.

In summary, the utilization and age distribution of pelvic organ prolapse surgery has changed
substantially in the past several decades. Although less surgery is being performed overall,
those having surgical intervention are more likely to undergo multicompartment repair, and
older women are more likely to have surgery than in the past. Our study and changing
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population demographics suggest that surgical and nonsurgical management of prolapse may
increase in the near future. Luber et al. [28] project that over the next 30 years, growth in the
demand for services to care for female pelvic floor disorders will increase at twice the rate of
growth of the same population. This projection has broad-reaching implications. Future
research should investigate improved ways of addressing our questions epidemiologically
while providing outcome-based observations of our surgical techniques. In addition, budgetary
projections for necessary allocated funding of research in female pelvic floor disorders as well
as a needs assessment evaluation of physician training and administrative programs to care for
these women must be addressed.
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Abbreviation
PFR  

pelvic floor repair
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Fig. 1.
Age-adjusted rate of hysterectomy (HYS) and pelvic floor repair (PFR) per 100,000 person-
years among women of Olmsted County, Minnesota from 1965–2002
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Table 1
Berkson codes for hysterectomy and pelvic floor repair, 1965–1987

Procedure name or type Berkson code

Hysterectomy

 Subtotal hysterectomy 4694; 4695

 Total abdominal hysterectomy 4680; 4690

 Vaginal hysterectomy 4700; 4710

 Radical abdominal hysterectomy 4720

 Pelvic evisceration and exenteration 3480

Oophorectomy

 Unilateral or bilateral 4830

Salpingo-oophorectomy 4870

Uterine suspensions 4670

Pelvic floor repairs

 Cystocele repair 4990

 Cystocele, rectocele, urethrocele, or enterocele repair 4710; 4990 & 4994

 Cystocele, rectocele, anterior and posterior colporrhaphy, and colpoperineoplasty 4710; 4980; 4990 & 4994

Vagina construction and reconstruction 7010-4990; 7010-0122

Fistula repairs 5010

Vagina suspension and fixation 4710; 4980; 4990 & 4994
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Table 2
ICD-9-CM procedure codes for hysterectomy with or without pelvic floor repair, 1988–2002

Procedure name or type ICD-9-CM code

Total abdominal hysterectomy 68.4

Vaginal hysterectomy 68.5

 Laparoscopically assisted vaginal hysterectomy 68.51

 Other vaginal hysterectomy 68.59

Repair of uterine supporting structures 69.2

Other uterine suspension (hysteropexy, Manchester operation, plication of uterine ligament) 69.22

 Other repair of uterus and supporting structures 69.29

Obliteration and total excision of vagina (vaginectomy) 70.4

Repair of cystocele and rectocele 70.5

 Repair of cystocele (anterior colporrhaphy with urethrocele repair) 70.51

 Repair of rectocele 70.52

 Posterior colporrhaphy 70.52

Vaginal construction and reconstruction 70.6

 Vaginal construction 70.61

 Vaginal reconstruction 70.62

Other repair of vagina 70.7

 Vagina suspension and fixation 70.77

 Other repair of vagina (colpoperineoplasty, repair of old obstetrics laceration of vagina) 70.79

Obliteration of vaginal vault (Le Fort operation) 70.8

Other operations on vagina and cul-de-sac 70.9

 Other operations of vagina 70.91

 Other operations on cul-de-sac (obliteration of cul-de-sac, repair of vaginal enterocele) 70.92

Repair of vulva and perineum 71.7

 Other repair of vulva and perineum 71.79

 Repair of old obstetrics laceration of vulva or perineum 71.79

ICD-9-CM International Classification of Diseases, 9th Revision, Clinical modification.
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Table 6
Odds of having a multicompartment repair vs cystocele repair alone by year and type of procedure (n=2,193)

Repair procedurea

Procedure route by year Multicompartmentb Cystocele OR (95% CI)c

1965–1974 (n=384) 182 (47.4) 202 (52.6)

 Abdominal (n=81) 24 (29.6) 57 (70.4) 1.0 (reference)

 Vaginal (n=188) 102 (54.3) 86 (45.7) 3.0 (1.7–5.3)

 PFR (n=115) 56 (48.7) 59 (51.3) 1.9 (1.0–3.5)

1975–1984 (n=428) 137 (32.0) 291 (68.0)

 Abdominal (n=128) 15 (11.7) 113 (88.3) 0.4 (0.1–1.2)

 Vaginal (n=151) 71 (47.0) 80 (53.0) 2.8 (1.1–7.2)

 PFR (n=149) 51 (34.2) 98 (65.8) 1.4 (0.5–4.0)

1985–1994 (n=797) 304 (38.1) 493 (61.9)

 Abdominal (n=84) 22 (26.2) 62 (73.8) 6.3 (2.4–16.7)

 Vaginal (n=427) 92 (21.6) 335 (78.4) 5.5 (2.3–13.2)

 PFR (n=286) 190 (66.4) 96 (33.6) 26.1 (11.2–60.8)

1995–2002 (n=584) 172 (29.4) 412 (70.6)

 Abdominal (n=26) 23 (88.5) 3 (11.5) 285 (58.2–1,394)

 Vaginal (n=470) 102 (21.7) 368 (78.3) 10.3 (3.8–27.8)

 PFR (n=88) 47 (53.4) 41 (46.6) 64.3 (19.7–210)

CI confidence interval, OR odds ratio, PFR pelvic floor repair.

a
Values are no. of patients (%).

b
Combined cystocele repair, rectocele repair, and perineoplasty.

c
Multicompartment repair versus cystocele repair alone. Estimated from logistic regression model including age, route of procedure (abdominal, vaginal,

or PFR), calendar period, and interaction terms of age by calendar period and route by calendar period.
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