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Abstract

Introduction and hypothesis Sacrocolpopexy is effective for apical prolapse repair and is often performed with hysterectomy.
It is unknown whether supracervical or total hysterectomy at time of sacrocolpopexy influences prolapse recurrence and mesh
complications. The primary objective of this study is to compare reoperations for recurrent prolapse after sacrocolpopexy with
either supracervical hysterectomy or total hysterectomy, or without concomitant hysterectomy. We also sought to compare these
three groups for the incidence of mesh complications and describe cervical interventions following supracervical hysterectomy.
Methods A retrospective cohort study of sacrocolpopexy was performed using the MarketScan® Research Database. Women
> 18 years who underwent sacrocolpopexy between 2010 to 2014 were identified. Utilizing diagnostic and procedural codes,
reoperations for prolapse and mesh complications were identified. Women with < 2 years of follow-up were excluded.
Results From 2010 to 2014, 3463 women underwent sacrocolpopexy with at least 2 years of follow-up, 910 (26.3%) with
supracervical hysterectomy, 1243 (35.9%) with total hysterectomy, and 1310 (37.8%) without hysterectomy. Reoperations
for prolapse were similar after supracervical hysterectomy (1.5%), after total hysterectomy (1.1%, p = 0.40), and without
hysterectomy (1.5%, p = 0.98). Mesh complications after sacrocolpopexy were similar after supracervical hysterectomy
(1.8%), after total hysterectomy (1.5%, p = 0.68), and without hysterectomy (2.8%, p = 0.11). Following supracervical
hysterectomy, 0.9% underwent cervical procedures.

Conclusions When comparing supracervical and total hysterectomy at time of sacrocolpopexy, there were no significant
differences in reoperations for recurrent prolapse, reoperations for mesh complications, or mesh complication diagnoses.
This study shows that surgeons can be reassured on performing hysterectomy with sacrocolpopexy.
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Introduction repair is sacrocolpopexy, which has higher success rates and

lower reoperation rates for prolapse recurrence compared to

Pelvic organ prolapse (POP) is common with > 200,000
prolapse repair surgeries performed each year in the USA.
As the population ages, the need for prolapse repair surgeries
is expected to increase [1, 2]. One option for apical prolapse
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other types of apical prolapse repair procedures [3].
Among women with uterovaginal prolapse, sacrocol-
popexy can be performed with or without a concomitant
hysterectomy. There is no clear consensus on whether total
hysterectomy (TH) or supracervical hysterectomy (SCH)
is preferred at the time of sacrocolpopexy [4]. Supracervi-
cal hysterectomy can potentially reduce the risk of mesh
erosion or exposure [5—7]. Others have advocated that total
hysterectomy results in better anterior vaginal wall support
[7, 8], but the literature has conflicting results. There is also
limited and conflicting evidence on recurrent prolapse rates
after sacrocolpopexy with supracervical hysterectomy, with
total hysterectomy, and without concomitant hysterectomy.
Few studies have assessed mesh complications and recurrent
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prolapse following sacrocolpopexy based on the type of con-
comitant hysterectomy, and many of these studies are lim-
ited by small sample size, short follow-up time, and limited
generalizability [6, 7, 9]. Additionally, compared to total
hysterectomy, supracervical hysterectomy has the potential
to require subsequent cervical interventions for indications
such as bleeding, dysplasia, neoplasia, and reoperations. At
this time, the rate of cervical interventions following suprac-
ervical hysterectomy for prolapse repair is unknown.

Using the IBM MarketScan® Research database, which
contains de-identified records of 47 million privately insured
US individuals, we sought to compare the reoperations for
recurrent prolapse in women undergoing sacrocolpopexy
with supracervical hysterectomy, with total hysterectomy, and
without concomitant hysterectomy. Based upon a review of
the literature, we hypothesized the reoperation rates for recur-
rent prolapse to be approximately 10% over at least 2 years
postoperatively [8] with no significant difference among the
three cohorts. We also sought to compare these three groups
for the incidence of mesh complications and to describe cer-
vical interventions following supracervical hysterectomy.

Methods

A retrospective cohort study of women undergoing sacrocol-
popexy with and without concomitant hysterectomy was per-
formed utilizing the IBM MarketScan® Research database,
which contains de-identified records of privately insured
patients in the US from over 350 private health insurance
organizations. Inpatient and outpatient records were avail-
able for more than 47 million enrolled participants. Since the
data are de-identified and comply with the requirements of the
Health Insurance Portability and Accountability Act (HIPAA),
this study was exempt from formal review by the Johns Hop-
kins University School of Medicine Institutional Review
Board. We followed the Strengthening of Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines [10].

Women 18 to 64 years of age who underwent sacrocol-
popexy between 2010 to 2014 were identified using Cur-
rent Procedural Terminology (CPT) codes. Sacrocolpopexy
was defined by two CPT codes: 57425 (laparoscopic) and
57280 (abdominal). CPT codes were also utilized to iden-
tify patients who underwent concomitant supracervical hys-
terectomy and total hysterectomy (Appendix 1). All routes
of hysterectomy were included (Supplemental Table 1).
There were three cohorts: sacrocolpopexy with supracervi-
cal hysterectomy, sacrocolpopexy with total hysterectomy,
and sacrocolpopexy without concomitant hysterectomy. For
sacrocolpopexy without concomitant hysterectomy, we were
unable to identify women who had a prior hysterectomy
through the database. Thus, this cohort presumably included
women with prior hysterectomy as well as those undergoing
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uterine-preserving surgery with a sacrohysteropexy. Women
enrolled in the database for < 30 days prior to surgery and
those with multiple hysterectomy codes were excluded.

The primary outcome was reoperation for prolapse. This
was defined as the number of patients undergoing subse-
quent prolapse repair surgery after sacrocolpopexy. CPT
codes were utilized to identify various subsequent prolapse
repair surgeries (Appendix 1).

A secondary outcome was mesh complications. We
considered the proportion of women in each group with a
diagnosis of any mesh complication as well as any interven-
tion for mesh complications. For the diagnosis of any mesh
complication, ICD-9 codes were utilized to identify subse-
quent mesh complications (Appendix 1). For interventions
for mesh complications, CPT codes were used to identify
patients undergoing mesh revision or removal (Appendix 1).

A third outcome was cervical interventions after suprac-
ervical hysterectomy. CPT codes were used to identify cer-
vical procedures following sacrocolpopexy (Appendix 1).

For all outcomes, we excluded outcomes that occurred
within a 30-day interval immediately following sacrocolpopexy
to minimize duplicate coding errors that could arise from day
of surgery and day of hospital discharge. To focus on long-term
outcomes, women with < 2 years of follow-up were excluded.
All patients were followed until their enrollment in the database
was terminated or until the end of 2017, whichever came first.

Patient demographics and clinical variables, includ-
ing age, year of surgery, health insurance plan, geographic
region, rural or urban setting, and history of diabetes, using
ICD-9 code 250, were extracted. Women with this diagno-
sis code at any point prior to their surgery were identified
as diabetic. Data on race and ethnicity, body mass index
(BMI), smoking status, and operative time were not avail-
able. At the time of sacrocolpopexy, patients who underwent
a concomitant anti-incontinence procedure, anterior colpor-
rhaphy, posterior colporrhaphy, and enterocele repair were
identified utilizing CPT codes.

The incidence rates for the primary and secondary outcomes
were calculated within each cohort. Incident rates of each out-
come were calculated as the number of patients with the out-
come divided by the total person-time at risk in each cohort.

A power calculation was performed with a preliminary
data extraction. With an estimated sample size of 2100 eligi-
ble patients, and 60% of patients (n = 1260) with follow-up
outcome data over 2 years, we estimated we would have 84%
power to observe at least a 2% difference in incidence rate in
reoperations for prolapse between the cohorts.

Descriptive statistics were calculated with means and
standard deviations (SD) or median and interquartile range
(IQR) for continuous variables. Categorical variables were
calculated as proportions, n (%). Factors of interest were
compared between cohorts using chi-square or Fisher’s exact
tests for categorical variables, #-tests for normally distributed
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continuous variables, and Wilcoxon rank-sum tests for con-
tinuous variables that were not normally distributed.

Kaplan-Meier curves were used to visually compare out-
comes over the follow-up period within each cohort. Cox pro-
portional hazards regression models predicting outcomes of
interest were used to compare the relative hazard for reopera-
tions for recurrent prolapse and incidence of mesh complica-
tions among the three cohorts. Adjusted hazard ratios (aHR)
were reported with a 95% confidence interval (95% CI). For
these comparisons, the reference group was sacrocolpopexy
with supracervical hysterectomy, adjusting for age and year
of surgery. All regression models included terms for age and
year of surgery. For reoperations for prolapse and diagnosis of
mesh complications, sensitivity analyses were performed lim-
ited to women who underwent a concomitant sling procedure.

Two-sided p values, with p < 0.05, were considered sta-
tistically significant. Analyses were performed on the Johns
Hopkins Joint High Performance Computing Exchange
using SAS v9.4 (SAS Institute, Cary, NC).

Results

From 2010 to 2014, 8141 women underwent sacrocol-
popexy, including 2143 (26.3%) with supracervical hys-
terectomy, 2863 (35.2%) with total hysterectomy, and
3135 (38.5%) without concomitant hysterectomy (Fig. 1).

Of these, 3463 (43%) had at least 2 years of continuous
follow-up, including 910 (26.3%) with supracervical hys-
terectomy, 1243 (35.9%) with total hysterectomy, and 1310
(37.8%) without hysterectomy.

Demographic and clinical characteristics of women
who underwent sacrocolpopexy with at least 2 years of
follow-up are presented in Table 1. Comparing the three
groups, the mean age was highest for sacrocolpopexy
without concomitant hysterectomy (54.1 & 6.9 years) and
lowest for sacrocolpopexy with total hysterectomy (49 +
8.1 years, p < 0.0001). There were significant geographic
differences with higher frequency of sacrocolpopexy with
supracervical hysterectomy in the Northeast and higher
frequency of sacrocolpopexy with total hysterectomy in
the South (p < 0.0001). There was no significant difference
in the prevalence of diabetes among the three cohorts (p =
0.55). There were significant differences in concomitant
anti-incontinence procedures among the three cohorts,
with the highest in sacrocolpopexy with supracervical
hysterectomy at 50.8% and lowest with sacrocolpopexy
with total hysterectomy at 28.9% (p < 0.0001). We also
observed differences in the proportion of women with con-
comitant prolapse repair procedures, including anterior
colporrhaphy, posterior colporrhaphy, enterocele repair,
and perineorrhaphy (p = 0.001). The mean follow-up times
were 3.9 + 1.5 years for sacrocolpopexy with supracervi-
cal hysterectomy, 4.1 & 1.6 years for sacrocolpopexy with

Fig.1 Number of patients who
underwent sacrocolpopexy with
at least 2 years of follow-up.
SCP sacrocolpopexy, SCH
supracervical hysterectomy, TH
total hysterectomy

Patients with
Sacrocolpopexy
(2010-2014)
n=8,754

280: patients with codes for supracervical
and total hysterectomy

l

310: not enrolled for at least 30 days prior
to surgery
23: not enrolled during month of surgery

Final Sample
n=38§,141

l

4,678: enrolled for less than two years in
database

Patients with at least
two years of follow-up
n= 3,463
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Table 1 Demographic and clinical characteristics of women undergoing sacrocolpopexy with at least 2 years of follow-up

Characteristics SCP with SCH SCP with TH SCP without p value (between p value
N=910 N=1243 hysterectomy SCH & TH) (between SCH &
N=1310 no hysterectomy)
Age (years)? 519+7.2 49.048.1 54.1£6.9 < 0.0001 < 0.0001
Year of SCP 0.02 0.09
2010 214 (23.5) 372 (29.9) 373 (28.5)
2011 240 (26.4) 306 (24.6) 326 (24.9)
2012 203 (22.3) 268 (21.6) 290 (22.1)
2013 149 (16.4) 166 (13.4) 191 (14.6)
2014 104 (11.4) 131 (10.5) 130 (9.9)
Geography® < 0.0001 < 0.0001
Northeast 413 (45.4) 153 (12.3) 194 (14.8)
North Central 195 (21.4) 320 (25.7) 332 (25.3)
South 150 (16.5) 505 (40.6) 484 (37.0)
West 142 (15.6) 250 (20.1) 288 (22.0)
Unknown 10 (1.1) 15(1.2) 12 (0.9)
Geographic setting” 0.0002 < 0.0001
Rural 68 (7.6) 153 (12.5) 187 (14.4)
Urban 832 (92.4) 1075 (87.5) 1111 (85.6)
Diabetes® 40 (4.4) 63 (5.07) 71 (5.42) 0.47 0.55
Concomitant sling procedureb 462 (50.8) 359 (28.9) 481 (36.7) < 0.0001 < 0.0001
Concomitant anterior and/or posterior colpor- 351 (38.6) 396 (31.9) 625 (47.7) 0.001 < 0.0001
rhaphy, enterocele repair, or perineorrhaphy®
Follow-up time (years) 0.15 0.03
Mean* 39415 41+1.6 39+14
Range 2-79 2-79 2-7.9

SCP = sacrocolpopexy, SCH = supracervical hysterectomy, TH = total hysterectomy, SD = standard deviation, IQR = interquartile range

*Mean + standard deviation
51 (%)

total hysterectomy, and 3.9 + 1.4 years for sacrocolpopexy
without hysterectomy (p = 0.03).

Reoperations for recurrent prolapse and mesh complica-
tions are presented in Table 2. Fourteen women underwent
reoperations for prolapse after sacrocolpopexy with suprac-
ervical hysterectomy (1.5%), 14 women after sacrocol-
popexy with total hysterectomy (1.1%), and 20 women after
sacrocolpopexy without concomitant hysterectomy (1.5%).
Adjusting for age and year of surgery, compared to sacrocol-
popexy with supracervical hysterectomy, there was no differ-
ence in reoperations for prolapse with sacrocolpopexy with
total hysterectomy [aHR 0.63, 95% CI 0.3—1.3] and sacrocol-
popexy without concomitant hysterectomy (aHR 1.0, 95% CI
0.5-2.0). The incidence rate per 1000 person-years for recur-
rent prolapse was 3.96 in sacrocolpopexy with supracervical
hysterectomy, 2.80 with total hysterectomy, and 3.98 without
concomitant hysterectomy (Table 3). Kaplan-Meier curves
were created for reoperations for recurrent prolapse (Fig. 2),
and reoperations occurred as early as 30 days postopera-
tively in sacrocolpopexy without hysterectomy and as late
as 2412 days (6.6 years) postoperatively in sacrocolpopexy
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without hysterectomy. Sensitivity analyses were performed
among only those women who underwent concomitant sling
surgery with no difference in reoperations for prolapse and
diagnosis for mesh complications (Supplemental Table 2).
Mesh exposure was diagnosed in 16 women after sac-
rocolpopexy with supracervical hysterectomy (1.8%), 19
women after sacrocolpopexy with total hysterectomy (1.5%),
and 37 women after sacrocolpopexy without concomitant
hysterectomy (2.8%) (Table 2). Compared to sacrocolpopexy
with supracervical hysterectomy, mesh complications were
similar after sacrocolpopexy with total hysterectomy (aHR
0.83, 95% CI 0.4—1.6) and without hysterectomy (aHR 1.7,
95% CI 0.9-3.0). The incidence rate per 1000 person-years
for mesh complications was 4.53 in sacrocolpopexy with
supracervical hysterectomy, 3.81 with total hysterectomy, and
7.36 without concomitant hysterectomy (Table 3). Kaplan-
Meier curves were created for reoperations for overall mesh
complications (Fig. 3). Mesh complications were seen as early
as 70 days postoperatively in sacrocolpopexy without hyster-
ectomy and as late as 1754 days (4.8 years) postoperatively in
sacrocolpopexy with supracervical hysterectomy. There were
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Table 2 Primary and secondary outcomes

Outcome SCP with SCH SCP withTH  SCP without p value p value (between
N =910 N =1243 hysterectomy (between SCH SCH & no hyster-
(reference) N=1310 & TH) ectomy)

Total reoperations for recurrent prolapse® 14 (1.5) 14 (1.1) 20 (1.5) 0.40 0.98

n (%)

Unadjusted HR (95% CI) 0.73 (0.35-1.5) 1.0(0.5-2.0)

Adjusted HR (95% CI)° 0.63 (0.3-1.3) 1.0(0.5-2.0)

Specific reoperation procedures:
Sacrospinous or iliococcygeus ligament suspension 0 (0) 2(0.2) 3(0.2) 0.42 0.54
Uterosacral suspension 0(0) 1(0.1) 2(0.2) 0.23 0.37
Anterior and posterior colporrhaphy 11 (1.2) 9(0.7) 14 (1.1) 0.25 0.49
Anterior colporrhaphy 3(0.3) 3(0.2) 3(0.2) 0.70 0.89
Posterior colporrhaphy 4(0.4) 3(0.2) 7(0.5) 0.42 0.50
Enterocele repair 0(0) 1(0.1) 0(0) 0.39 0.41
Perineorrhaphy 0@ 0(0) 1(0.1) N/A 0.44
Paravaginal defect repair 2(0.2) 0(0) 0(0) 0.06
Colpectomy 0(0) 0(0) 0(0)

Overall mesh complications based on diagnosis codes® 16 (1.8) 19 (1.5) 37 (2.8) 0.68 0.11

n (%)

Unadjusted HR (95% CI) 0.85(0.4-1.6) 1.6 (0.9-2.9)

Adjusted HR (95% CI)® 0.83 (0.4-1.6) 1.7 (0.9-3.0)

Total reoperations for mesh complications®® 5(0.6) 3(0.2) 13 (1.0) 0.29 0.25

n (%)

Total cervical procedures 8(0.9)

n (%)

Specific cervical procedures:
Trachelectomy 4(0.4)
Cervical amputation 3(0.3)
Cervical excision 1(0.1)

SCP sacrocolpopexy, SCH supracervical hysterectomy, TH total hysterectomy, HR hazard ratio, CI confidence interval, N/A not applicable

#Total number of patients with the outcome. This total number is not a summation of all the procedures or diagnoses given that multiple CPT or
ICD-9 codes can be applied to one patient

®Cox proportional hazard regression analysis adjusted for age and year of surgery

¢Adjusted Cox proportional hazard regression analysis not performed given the small number of outcomes

Table 3 Incidence rate per 1000

person-years

Recurrent prolapse Mesh com-  Reoperations for
plications mesh complica-
tions
SCP with SCH
Number of events 14 16 5
Total person-time followed (years) 3533.5 3533.5 3533.5
Incidence rate per 1000 total person-years 3.96 4.53 1.42
SCP with TH
Number of events 14 19 3
Total person-time followed (years) 4996.0 4996.0 4996.0
Incidence rate per 1000 total person-years 2.80 3.81 0.60
SCP without hysterectomy
Number of events 20 37 13
Total person-time followed (years) 5028.0 5028.0 5028.0
Incidence rate per 1000 total person-years 3.98 7.36 2.59

SCP = sacrocolpopexy, SCH = supracervical hysterectomy, TH = total hysterectomy
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Fig.2 Kaplan-Meier curves for reoperations for recurrent prolapse

also no differences in sensitivity analyses limited to those with
concomitant sling surgery (Supplemental Table 1).

We observed very few reoperations for mesh complica-
tions: 5 (0.6%) in sacrocolpopexy with supracervical hys-
terectomy, 3 (0.2%) in sacrocolpopexy with total hysterec-
tomy, and 13 (1.0%) in sacrocolpopexy without concomitant
hysterectomy. Given these small numbers, statistical com-
parisons were limited. Compared to sacrocolpopexy with
supracervical hysterectomy, there was no difference in sac-
rocolpopexy with total hysterectomy (p = 0.29) and sacro-
colpopexy without concomitant hysterectomy (p = 0.25).
The incidence rate per 1000 person-years for reoperations
for mesh complications was 1.42 in sacrocolpopexy with
supracervical hysterectomy, 0.60 with total hysterectomy,
and 2.59 without concomitant hysterectomy (Table 3).

After SCP with supracervical hysterectomy, 8 out of 910
patients (0.9%) underwent a cervical procedure. There were
four trachelectomies, three cervical amputations, and one
cervical excision. Indications for the cervical procedures
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included genitourinary fistula, prolapse, mesh complica-
tions, cervical inflammation, and peritoneal adhesions.

Discussion

Using a national claims database, we found that reopera-
tions for recurrent prolapse and mesh complications are
uncommon after sacrocolpopexy, regardless of whether this
surgery included supracervical hysterectomy, total hyster-

ectomy, or no hysterectomy. Compared to sacrocolpopexy
with supracervical hysterectomy, we observed no difference
in the hazard of reoperations for recurrent prolapse or diag-
nosis of mesh complications among women who underwent
sacrocolpopexy with total hysterectomy or sacrocolpopexy

without hysterectomy. We also observed that reoperations
for mesh complications were uncommon and did not differ
among the groups, and the number of subsequent cervical
interventions after supracervical hysterectomy was low.
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Fig.3 Kaplan-Meier curves for mesh complications

Our findings build on what is already known about reop-
erations for recurrent prolapse following sacrocolpopexy. One
retrospective cohort study with prospective follow-up found
no difference in anatomic success rates between laparoscopic
supracervical hysterectomy and total vaginal hysterectomy at
time of sacrocolpopexy; however, this study had a median
follow-up time of 9 months, and only one-third of patients
presented for a postoperative follow-up exam [9]. Contrarily,
Myers et al. compared recurrent prolapse rates in sacrocol-
popexy with supracervical hysterectomy and total hysterec-
tomy in a retrospective cohort of 83 women and found higher
rates of stage two prolapse after supracervical hysterectomy;
however, when prolapse was defined as at or beyond the level
of the hymen, there was no difference [7]. Some surgeons
have suggested that leaving the cervix in place can have nega-
tive impacts on anterior vaginal wall support and potentially
lead to recurrent or de novo anterior vaginal wall prolapse [7].
It has also been speculated that mesh placement on the vagina
with a retained cervix may predispose patients to recurrent
prolapse since the mesh may not be placed as distally on the

anterior vagina [8]. This is not consistent with our study,
which found no difference in subsequent anterior colpor-
rhaphy or any type of prolapse repair in sacrocolpopexy with
supracervical hysterectomy versus total hysterectomy.

Our results add to the growing literature surrounding
mesh complications following sacrocolpopexy, which varies
across studies with an estimated range of 2% to 10% [11-14].
There is conflicting evidence as to whether mesh complica-
tions are higher after sacrocolpopexy without concomitant
hysterectomy and which type of hysterectomy is associated
with better outcomes. We found no significant difference
in overall mesh complications or in reoperations for mesh
complications between sacrocolpopexy with supracervical
and total hysterectomy. Our results are consistent with a
single site study, which found no difference in mesh erosion
rates between laparoscopic supracervical hysterectomy and
transvaginal hysterectomy at time of sacrocolpopexy with a
median follow-up of 9 months [9]. Our results are not in con-
cordance with a recent study which found significantly higher
rates of mesh complications in total hysterectomy compared
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to supracervical hysterectomy at the time of robotic-assisted
sacrocolpopexy [15]. Using a California database from 2012
to 2018, Dallas et al. found a 3.1% rate of mesh complica-
tions in total hysterectomy compared to 0.7% in supracervical
hysterectomy with a median follow-up of 3 years. Of note,
the Dallas study only evaluated robotic-assisted sacrocol-
popexy, whereas our study included all routes of sacrocol-
popexy and hysterectomy. A meta-analysis of 27 studies with
1488 women found that concomitant hysterectomy was a risk
factor for mesh erosions following sacrocolpopexy [16]. A
separate study looking at 2-year outcomes in the Colpopexy
and Urinary Reduction (CARE) trial found that concurrent
hysterectomy at time of sacrocolpopexy was a risk factor for
mesh complications [12], and another study of laparoscopic
sacrocolpopexy between 2004 to 2009 found higher rates of
mesh erosion in sacrocolpopexy with transvaginal hysterec-
tomy compared to post-hysterectomy sacrocolpopexy [6]. One
theory for our higher rates of mesh complications in sacro-
colpopexy without concomitant hysterectomy is that women
with a prior hysterectomy likely have more scar tissue and
adhesions at the vaginal apex, which can impact the dissec-
tion and make it more challenging to find the proper tissue
planes. Additionally, applying mesh to a scarred area may
negatively impact healing, thus predisposing to subsequent
mesh complications. Lastly, for this study, we were unable
to extract data on prior prolapse repair surgeries, and within
this cohort, there may be a greater number of patients with
a prior prolapse repair given the older age and inclusion of
post-hysterectomy sacrocolpopexy.

Mesh complications appear to increase over time, and
therefore studies with longer follow-up detect a higher pro-
portion of this outcome. For example, CARE trial estimated
mesh complications may be as high as 10.5% after seven
years [17]. Of note, this study had variations in the types
of mesh utilized and lightweight meshes were not widely
used, which may have contributed to its higher mesh com-
plication rate. A limitation of the present research study is
that we were unable to extract data on mesh type. For the
past decade, lightweight meshes have been commonly used
for sacrocolpopexy, and a prior study showed lower rates of
mesh complication with lightweight meshes [18].

We observed cervical interventions following suprac-
ervical hysterectomy in 0.9% of women. There is limited
literature on cervical interventions following supracervical
hysterectomy regardless of concomitant sacrocolpopexy. One
study showed that 14.1% of premenopausal patients under-
going supracervical hysterectomy experienced persistent
cyclical vaginal bleeding within 1 year postoperatively [19],
and another study with 1 year of follow-up showed 20% of
premenopausal women undergoing supracervical hysterec-
tomy experienced postoperative vaginal bleeding and 1.2%
underwent trachelectomy [20]. This is consistent with a ret-
rospective case-control study showing that the occurrence
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of trachelectomy following supracervical hysterectomy was
0.9% with most common indication being persistent bleeding
[21]. In our study encompassing pre- and postmenopausal
women, the frequency of trachelectomy was 0.45% with an
overall frequency of 0.9% for all cervical interventions. These
numbers can be a valuable and pertinent reference when
counseling patients on the type of hysterectomy to perform.

There are several limitations to our study. First, although
our study represents data for more than 3000 women fol-
lowed for 2 to 7.9 years, we acknowledge we had limited
statistical power to investigate differences in rare outcomes,
such as reoperation for mesh exposure. Additionally, recur-
rent prolapse and mesh complications can occur many years
after sacrocolpopexy, and therefore some events were
likely not captured in our study’s follow-up period. Also,
this database only includes privately insured women and
did not include individuals > 64 years of age, which limits
the generalizability of our findings as well as limiting the
length of follow-up for those women who achieved an age
> 64. Given the nature of the database, we were unable to
assess patient-level details such as race and ethnicity, BMI,
prolapse stage, prior prolapse treatments, smoking status,
and mesh types, all of which can potentially influence the
outcomes of interest. Inherent to most databases, this study
is subject to coding error, but to reduce this, patients with
ambiguous codes, such as duplicate hysterectomy codes,
were excluded. As previously mentioned, there are limi-
tations with the sacrocolpopexy without concomitant hys-
terectomy cohort. Given the mean age of the cohort and
time period of the surgeries, we expect the majority in this
cohort to be post-hysterectomy sacrocolpopexy since it was
more common; however, this cohort can also include sac-
rohysteropexy. The heterogeneity of this cohort should be
considered when interpreting the results. Lastly, there was a
statistically significant difference in follow-up time between
the cohorts, but the time difference was small.

Strengths of this study include its relatively large sample
size, national geographic distribution, broad practice patterns,
and long-term follow-up. Both out- and inpatient outcomes
were collected, which was important for capturing outcomes
encountered in an ambulatory setting. We were also able to

extract data for both overall mesh complications, based on
ICD codes, and reoperations for mesh complications.

Given the limited and conflicting data in the current
literature, the outcomes of this study further enhance the
literature and provide more guidance to patients and physi-
cians when choosing a type of hysterectomy at time of sac-
rocolpopexy. At this time and taken into a broader context
of the existing literature, this study shows that surgeons can
be reassured on performing a hysterectomy at the time of
sacrocolpopexy.
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Appendix 1

Table 4 Current Procedure Terminology (CPT) and International Classification of Disease Ninth Revision (ICD-9) and Tenth Revision (ICD-
10) codes utilized for the three cohorts of patients and outcomes

Procedure Current Procedure Terminology (CPT) Code International Classification of Disease Ninth
Revision (ICD-9) and Tenth Revision (ICD-10)
Codes

Colpopexy 57425 (laparoscopic)

57280 (abdominal)
Total hysterectomy:

Vaginal hysterectomy 58260, 58262, 58263, 58267, 58270, 58290,
58291, 58292, 58293, 58294

Total laparoscopic hysterectomy 58570, 58571, 58572, 58573

Laparoscopic-assisted vaginal hysterectomy 58550, 58552, 58553, 58554

Total abdominal hysterectomy 58150, 58152

Supracervical hysterectomy:
Laparoscopic supracervical hysterectomy 58541, 58542, 58543, 58544

Abdominal supracervical hysterectomy 58180
Sling procedures:
Sling operation for SUI 57288
Laparoscopic sling operation for SUI 51992
Prior removal or revision of sling for SULl 57287
Recurrent POP repair:
Sacrospinous or iliococcygeus ligament 57282
Uterosacral or levator myorrhaphy 57283
Anterior colporrhaphy 57240
Posterior colporrhaphy 57250, 45560
Anterior/posterior colporrhaphy 57260
Enterocele repair 57283, 57268, 57270

Anterior/posterior colporrhaphy & entero- 57265
cele repair

Colpectomy 57120
Paravaginal defect repair 57284, 57285, 57423
Perineoplasty 56810

Insertion of mesh for repair of pelvic floor 57267
defect (vaginal approach)

Removal of mesh:

Revision (including removal) of prosthetic 57295, 57296, 57426
vaginal graft

Office removal of mesh (using forceps or 58999
SCiSSOrs)

Incision and removal of foreign body/sub- 10120
cutaneous tissue

Mesh exposure/erosion:

Erosion of implanted vaginal mesh ICD-9 codes:
629.3, 629.32

Exposure of implanted vaginal mesh ICD-10 codes:
T83.721, T83.728

Erosion of implanted vaginal mesh ICD-10 codes:
T83.711

Cervical procedures:
Colposcopy 57452-57461
Cervical Biopsy 57500
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Table 4 (continued)

Procedure

Current Procedure Terminology (CPT) Code International Classification of Disease Ninth

Revision (ICD-9) and Tenth Revision (ICD-10)
Codes

57505
57510, 57511, 57513
57520, 57522

Endocervical curettage
Cautery of cervix

Conization of cervix

Dilation and curettage of cervical stump 57558
Excision of cervical stump
57530, 57531

57800

Trachelectomy
Dilation of cervical canal

57540, 57545, 57550, 57555, 57556
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