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Abstract

Introduction and hypothesis Vaginal apical suspension is essential for the surgical treatment of pelvic organ prolapse (POP). We
aim to evaluate whether the method of apical repair is associated with different re-operation rates for POP recurrence or surgical
complications.

Methods Population-based, retrospective cohort study of all Ontario women receiving primary apical POP repairs from 2003 to
2015. Primary exposure was the method of apical POP repair. Primary outcome was re-operation for recurrent POP, and
secondary outcomes were surgical procedures for genito-intestinal (GI) or genitourinary (GU) complications, fistula repair,
and mesh revision or removal.

Results Forty-three thousand four hundred fifty-eight women were included. Overall, the number of mesh-based apical repairs
decreased over time, while the number of native-tissue repairs slightly increased (p <0.001). Multivariable Cox proportional
hazards (Cox PH) analysis demonstrated a significant increase in repeat POP operations for transvaginal mesh apical repairs
(adjusted HR 1.28 [95% CI: 1.10-1.48]), but not in abdominal mesh repairs (adjusted HR 0.96 [95% CI: 0.81-1.13]) compared
with vaginal native tissue apical repairs. Overall risk of repeat surgery for fistulas or GI and GU complications remained low (<
0.5%). Risk of mesh removal or revision was 11.5-11.9%, with no difference between abdominal versus vaginal mesh on
multivariable analysis (adjusted HR 0.99 [95% CI: 0.78—-1.26]).

Conclusions Re-operation for recurrent POP is highest in transvaginal mesh apical repairs; however, this risk did not differ
between abdominal mesh and vaginal native tissue apical repairs. GI and GU re-operations are rare. There is no difference in
mesh removal or revision rates between abdominal and vaginal mesh repairs.

Keywords Apical repair - Pelvic organ prolapse - Mesh use - Re-operation

Introduction

Electronic supplementary material The online version of this article
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material, which is available to authorized users. lifetime [1] and may have detrimental irnpaCtS on women’s qual'
ity of life. Surgery for POP is often indicated when conservative
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repairs because of its high anatomical success and durability [5].
Modification to the ASCP, such as laparoscopic lateral mesh
suspension, has also been described with a high success and
low re-intervention rate [6]. In addition to these approaches,
transvaginal mesh (TVM) repair with concurrent apical suspen-
sion with or without the use of commercial kits gained popularity
before the FDA classified TVM as a high-risk device in 2011 [7,
8]. The use of any vaginal mesh for apical prolapse repair has
therefore become controversial because of its association with
complications including mesh erosion into adjacent organs, se-
vere pain and repeat surgical interventions [9]. Specifically, mesh
erosion rates as high as 16.5% at 3 months post-transvaginal
mesh insertion for POP have been reported, with no difference
in cure rate compared with traditional vaginal repairs [10].

To date, however, the actual adverse event rates and subjective
cure rates between different methods of apical repairs remain
inconclusive. Adverse events and re-operation rates of mesh ver-
sus native tissue-based POP surgeries are inconsistently defined
and reported, with limited long-term data. Results from the
Colpopexy and Urinary Reduction Efforts (CARE) trial of 233
women receiving primary ASCP estimated a mesh erosion prob-
ability of 10.5% at 7 years [5]. The re-operation rate for ASCP
has been reported as 4.4% at between 6 months to 3 years [11],
and non-mesh vaginal apical repairs such as the USLF and SSLS
exhibit an estimated surgical failure rate of 61.5 to 70.3% at
5 years [12]. A systematic review comparing mesh
sacrocolpopexy against vaginal native tissue apical repairs found
no difference in re-operation rates between the two types of
procedures; however, significant heterogeneity existed among
studies and overall quality of evidence was very low [13]. A
Scottish population-based cohort study found no significant dif-
ferences in re-operation or complications with abdominal or vag-
inal apical mesh repairs compared with non-mesh vaginal vault
repairs [14]. Vaginal vault repairs, however, only comprised a
small fraction of the overall patient population. Due to conflicting
results, limited prior studies and lack of long-term comparison,
further study is warranted.

Our study was designed to determine whether the method of
apical POP repair, including mesh use and choice of an abdom-
inal versus vaginal approach, was associated with an increase in
repeat POP surgeries. Our secondary objective was to determine
whether the mode of vaginal apical POP repair was linked with
subsequent fistula repairs, re-operations for 90-day gastrointesti-
nal and genitourinary injuries, and mesh complications requiring
surgical removal or extraction.

Materials and methods
Study design and setting

We performed a retrospective, population-based cohort study
of all Ontario women who received primary apical repairs for
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POP between April 1, 2003, and March 30, 2015. The prov-
ince of Ontario, Canada, contains approximately 13 million
people with universal access to a single health care system.
This study was approved by the institutional review board at
Sunnybrook Health Sciences Centre, Toronto, Canada. The
reporting of this study follows the RECORD (REporting of
studies Conducted using Observational Routinely-collected
health Data statement) [15] checklist, which incorporates the
STROBE guidelines (Appendix 1).

Data sources and validity ascertainment

We obtained our patient population, exposures and covariates
using multiple linked databases, including the Canadian
Institute for Health Information Discharge Abstract and
Same Day Surgery Database (CIHI-DAD/SDS, which cap-
tures all inpatient and outpatient procedures in hospital [16]),
the Ontario Health Insurance Plan database (OHIP, which
captures all health claims for inpatient and outpatient care
rendered by physicians [17]), the Institute for Clinical
Evaluative Sciences (ICES) Physician Database (IPDB, which
contains annual physician demographics, specialization and
workload [18]), the National Ambulatory Care Reporting
System (NACRS, which captures all emergency department
visits [19]), and the Registered Persons Database (RPDB,
which contains provincial demographic information [20]).
These databases were linked using unique encoded identifiers
and analyzed at ICES. Databases are considered complete for
all study variables except for physician specialty, which was
unknown for 1.7% of relevant physicians. The accuracy, reli-
ability and linkage of these data sets have been previously
measured and validated [16-20].

Patient population

We identified all Ontario women who underwent primary
mesh-based or native tissue vaginal apical repairs for POP
during our study period. The index event was defined as any
form of prolapse surgery involving vaginal vault suspension at
the time of repair, using synthetic mesh or native tissue.
Women were followed up until the first occurrence of a study
outcome, death, emigration or end of the observational win-
dow (March 31, 2016). We excluded women who had previ-
ous mesh or native-tissue based POP surgeries, pelvic radia-
tion, or a history of vesicovaginal, rectovaginal or
urethrovaginal fistula before the index date (Supplemental
Figure 1). Simple vaginal hysterectomies without concomitant
vaginal vault suspensions were not included in our analysis.
Previous or concomitant hysterectomy or concurrent anti-
incontinence procedures at the time of vaginal vault suspen-
sion were allowed.
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Outcomes

Our a priori primary outcome was the occurrence of any repeat
POP repair (Appendix 3). Repeat POP repairs included mesh-
based or native tissue anterior or posterior vaginal repairs,
repeat vaginal vault suspensions with or without hysterecto-
mies, and colpocleisis. We only considered the first repeat
POP surgery in our analysis. These outcomes were defined
using a combination of Canadian Classification of Health
Interventions (CCI, from CIHI-DAD/SDS) and OHIP codes.

Our secondary outcomes were subsequent operations for
(1) genitourinary and genito-intestinal fistulas any time after
the initial repair within the follow-up period; (2) bladder, bow-
el and ureteric injuries requiring surgical repair within 90 days
of the initial apical POP repair; (3) mesh removal, extraction
or destruction among the subgroup of women who had mesh-
based abdominal or transvaginal apical POP repairs
(Appendix 3).

Exposures and covariates

Our primary exposure variable was the type of vaginal apical
POP repair, defined using CIHI-DAD/SDS and OHIP coding
elements. Patients were categorized into one of four groups:
(1) abdominal mesh-based repairs including abdominal, lapa-
roscopic or robotic sacrocolpopexies (SCPs); (2) abdominal
native-tissue repairs including Halban and Moschcowitz vag-
inal suspension procedures or vaginal vault suspension proce-
dures with absorbable sutures; (3) vaginal mesh-based repairs
including synthetic transvaginal mesh (TVM) placement; (4)
vaginal native-tissue repairs including SSLS, USLF and
MccCall culdoplasty. Coding definitions for these elements
are listed in Appendix 2. To maximize the specificity of apical
POP repairs, only CIHI-DAD/SDS coding elements with at-
tached OHIP codes are included in our study. We did not
include obliterative POP procedures, isolated anterior and
posterior colporrhaphies, uterine preserving suspension pro-
cedures and simple hysterectomies to treat POP in our
analysis.

We measured 40 clinically relevant covariates including
age and socioeconomic status (SES, based on neighborhood
income quintiles), medical and surgical comorbidities, health
care utilization and surgeon demographics to adjust for factors
that potentially influence the choice of vaginal vault POP re-
pair and/or the probability of re-operation (Appendix 4).
Perioperative variables including the length of hospital stay,
blood transfusion and 90-day ICU admission rates were col-
lected. Patient comorbidities were measured using the Johns
Hopkins University Adjusted Case Groups (ACG®) System
Version 10 [21, 22], while health care utilization, hospital stay
and surgeon characteristics were determined using CIHI-
DAD/SDS, OHIP, IPDB and RPDB. We used 5 years of pre-
vious administrative data to determine all covariates except for

health care utilization, for which we used 1 year of previous
data.

Statistical analysis

Baseline characteristics were summarized using descriptive
statistics. Continuous variables were reported as means (stan-
dard deviation [SD]), and differences between index event
cohorts were determined using a one-way ANOVA.
Categorical variables were reported as frequencies (number
[percentage]), and differences were determined using a x test.
A test for trend on the number of mesh-based and native-tissue
apical POP repairs between fiscal years 2003 to 2014 was
carried out using a Cochran-Armitage trend test, where a
two-sided p value < 0.05 was considered significant. We used
multivariable cause-specific Cox proportional hazard (Cox
PH) models to examine the time to first event occurrence for
our outcomes of interest. Patients were censored at death,
1 year after the date of last contact or at the end of study date.
We reported hazard ratios (HRs) and 95% confidence intervals
(Cls) for repeat POP surgeries, fistula repairs, 90-day bladder,
bowel and ureteric repairs, and mesh revisions.

A competing risk analysis was also performed for each
outcome of interest using the Fine-Gray subdistribution haz-
ard model [23] because of the higher number of patient deaths
in the follow-up period. Death is considered as a competing
event, which prevents the outcome of interest from occurring.
This approach consisted of developing two cause-specific
hazard models, one for the outcome of interest, and the other
for the competing event, and then combining them according
to the cumulative incidence function to create a
subdistribution hazard model. Statistical significance was set
atp < 0.05 based on a two-sided comparison. Assumptions for
the Cox PH models were confirmed for all models. All anal-
yses were performed using SAS 9.4 (SAS Institute, Cary, NC,
USA).

Results
Baseline characteristics

We initially identified 49,339 Ontario women who underwent
an apical POP repair between fiscal years 2003 and 2014 and
retained 43,458 women who met our study criteria for the final
cohort (Supplemental Figure 1). Mean follow-up time among
the women who underwent different types of apical repairs
ranged between 6.5 (3.41) to 7.14 (3.63) years. Most women
(n=37, 764 [86.9%]) underwent non-mesh apical repairs for
POP through the vaginal approach, with 1187 (2.7%) under-
going abdominal mesh-based repairs, 2179 (5.0%) undergo-
ing abdominal non-mesh repairs and 2328 (5.4%) undergoing
vaginal mesh-based repairs. The most relevant details of our
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patient cohorts are reported in Table 1, and the full list of
baseline characteristics is provided in Appendix 5.

Women receiving any mesh-based apical repairs were
slightly older, less likely to reside in a rural area, more likely
to have had the operation in a teaching hospital and more
likely to have undergone a previous hysterectomy or anti-
incontinence procedure. In addition, women receiving mesh-
based repairs more likely received prior investigations includ-
ing urodynamic testing, cystoscopy, postvoid residual mea-
surements and urine cultures. The number of women receiv-
ing mesh-based apical POP repairs decreased with time, while

the number of women receiving native-tissue repairs increased
slightly (log-rank p < 0.001; data not shown).

Compared with women receiving vaginal apical repairs,
women undergoing abdominal repairs were slightly younger
and more likely to have undergone a previous hysterectomy
but less likely to have received a concurrent anterior or poste-
rior repair. Postoperatively, women receiving the abdominal
apical POP repair approach had longer hospital stays, higher
percentage of blood transfusions and slightly higher ICU ad-
mission rates within 90 days. The proportion of repairs per-
formed at teaching hospitals, baseline comorbidity index and

Table 1  Important baseline characteristics of women receiving primary apical POP repairs at index date, classified by surgical approach and mesh use
Patient characteristics (n = 43,458) Mesh-based repair Native tissue repair P value
Abdominal Vaginal Abdominal Vaginal
(n=1187) (n=2328) (n=2179) (n=37,764)
Demographics
Age, mean (SD), years 62.30 (11.14) 63.37 (11.61) 56.95 (12.90) 60.21 (12.59) <0.001
Rural residence (n, %) 204 (17.2%) 280 (12.0%) 330 (15.1%) 6947 (18.4%) <0.001
ACG Resource Utilization Band (RUB), median 4 (3-4) 4 (3-4) 3(3-4) 3(34) <0.001
IQR
S(Ec(ig)ezonomic status at lowest quintile (n, %) 190 (16.0%) 310 (13.3%) 377 (17.3%) 6313 (16.7%) < 0.001
Socioeconomic status at highest quintile (n, %) 251 21.1%) 590 (25.3%) 431 (19.8%) 7963 (21.1%)
Surgery performed at teaching hospital (yes, %) 531 (44.7%) 1215 (52.2%) 641 (29.4%) 9574 (25.4%) < 0.001
Charlson Comorbidity Index
Mean (SD) 0.27 (0.85) 0.31 (0.89) 0.29 (0.88) 0.27 (0.81) 0.278
Comorbidity index <1 (n, %) 772 (65.0%) 1453 (62.4%) 1319 (60.5%) 22,537 (59.7%) < 0.001
Follow-up time in years (mean, SD) 7.01 (3.50) 6.79 3.11) 7.14 (3.63) 6.50 3.41) < 0.001
Medical and surgical covariates
Obesity 11 (0.9%) 26 (1.1%) 31 (1.4%) 472 (1.2%) 0.603
Diabetes 89 (7.5%) 208 (8.9%) 132 (6.1%) 3286 (8.7%) <0.001
Previous hysterectomy 220 (18.5%) 222 (9.5%) 139 (6.4%) 2041 (5.4%) < 0.001
Previous SUI repair 125 (10.5%) 111 (4.8%) 93 (4.3%) 1347 (3.6%) < 0.001
Previous urodynamic testing 405 (34.1%) 622 (26.7%) 385 (17.7%) 6489 (17.2%) < 0.001
Previous cystoscopy 358 (30.2%) 544 (23.4%) 387 (17.8%) 6473 (17.1%) < 0.001
Concurrent anterior and/or posterior repair 824 (69.4%) 1995 (85.7%) 2066 (94.8%) 37,122 (98.3%) < 0.001
Concurrent hysterectomy 459 (38.7%) 1438 (61.8%) 1694 (77.7%) 29,545 (78.2%) < 0.001
Concurrent SUI repair 579 (48.8%) 713 (30.6%) 566 (26.0%) 6961 (18.4%) < 0.001
Surgeon specialty
Gynecology 1077 (90.7%) 2294 (98.5%) 2093 (96.1%) 37,126 (98.3%) < 0.001
Urology 84 (7.1%) 25 (1.1%) 41 (1.9%) 335 (0.9%)
Other 26 (2.2%) 9 (0.4%) 45 (2.1%) 303 (0.8%)
Blood transfusion within 90 days (yes, %) 38 (3.2%) 42 (1.8%) 79 (3.6%) 719 (1.9%) < 0.001
ICU admission within 90 days (n, %) 157 (13.2%) 139 (6.0%) 229 (10.5%) 4130 (10.9%) < 0.001
Length of hospital stay in days (mean, SD) 4.29 (4.14) 2.91 (1.69) 3.88 (2.00) 348 (2.13) <0.001
Health care utilization within 365 days
of index date
Number of hospitalization for any 0.09 (0.38) 0.09 (0.37) 0.08 (0.35) 0.08 (0.32) 0.132
reason (mean, SD)
Number of gynecology visits (mean, SD) 2.34 (1.99) 2.25(1.82) 2.41(2.02) 2.20 (1.69) < 0.001
Number of general practice visits (mean, SD) 7.14+6.81 7.57+£7.07 6.90+5.86 6.87+6.34 < 0.001
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health care utilization remained similar between cohorts re-
ceiving abdominal versus vaginal repairs.

Primary analysis

The proportion of women receiving repeat POP surgeries in
each cohort is shown in Table 2. Covariates including patient
age, SES, whether surgery was performed in a teaching hos-
pital and health care utilization were adjusted for in both the
cause-specific multivariable Cox PH model and the
subdistribution Cox PH analysis accounting for the competing
event of death (Table 3). The full list of adjusted covariates in
the final models are listed in Appendix 6. Overall, the risk of
repeat POP surgery was lower if the initial apical repairs were
performed in teaching hospitals, if a concurrent hysterectomy,
anterior or posterior compartment repair was done and if the
initial procedure was performed by a gynecologist as opposed
to a urologist or other surgical specialties. The risk of POP re-
operation increased if the patient had received a previous anti-
incontinence procedure. Ninety-day mortality was < 0.1% af-
ter any method of apical POP repair regardless of mesh use
(Appendix 5).

The absolute number of women receiving at least one re-
peat POP surgery during the follow-up period was 119 [10%]
in the abdominal mesh cohort, 202 [9%] in the vaginal mesh
cohort, 148 [7%] in the abdominal non-mesh cohort and 2306
[6%] in the vaginal non-mesh cohort. Median time between
index surgery and first repeat POP surgery ranged from 1.95
[0.95-4.50] years in the vaginal mesh cohort to 2.55 [1.21—
5.31] years in the abdominal non-mesh cohort (Table 2).
Unadjusted analysis demonstrated an increased risk of POP
re-operation in women who received mesh-based compared
with non-mesh-based apical repairs (abdominal mesh group:
HR 1.60[95% CI: 1.33-1.92], p < 0.001; vaginal mesh group:
HR 1.39 [95% CI: 1.21-1.61], p <0.001; Table 2).

Our multivariable cause-specific analysis again demon-
strated a significant increase in the POP re-operation rate in
the vaginal mesh cohort compared with the vaginal non-mesh
cohort (HR 1.28 [95% CI: 1.10-1.49]; p=0.001). However,
the increase in re-operation was no longer significantly elevat-
ed for our abdominal mesh cohort in the adjusted model (HR
1.11 [95% CI: 0.91-1.34]; p =0.31). There was no significant
increase in the POP re-operation rate in the abdominal non-
mesh cohort (HR 0.96 [95% CI: 0.81-1.13]; p=0.65)
(Table 2). The subdistribution HRs from our competing risk
analysis adjusting for patient deaths were consistent with
those of our primary multivariable analysis (Appendix 6).

Secondary analyses

Overall, new onset fistulas and iatrogenic organ injuries were
rare after apical prolapse repairs in all cohorts. The number of
women receiving surgeries for genitourinary and/or genito-
intestinal fistulas during the study period ranged from 0
[0%] in the abdominal mesh cohort to 63 [0.2%] in the vaginal
non-mesh cohort. The abdominal non-mesh cohort had the
highest proportion of fistula repairs at 0.4% (Appendix 7).
The number of patients with bladder, bowel and ureteric inju-
ries requiring re-operation within 90 days of the index event
remained low in all 4 patient cohorts; <5 women (< 0.2%) in
the vaginal mesh cohort, <5 (< 0.2%) in the abdominal non-
mesh cohort and 60 (0.16%) in the vaginal non-mesh cohort
required a re-operation for possible gastrointestinal (GI) and
genitourinary (GU) complications (Appendix 8). No patients
in the abdominal mesh cohort had 90-day bladder, bowel or
ureteric re-operations. The low event rate for these two sec-
ondary outcomes precluded further statistical modeling.
‘When examining re-operations for mesh removal, revision
or extraction in the abdominal mesh and vaginal mesh patient
cohorts, 141 women (11.9%) in the abdominal mesh and 266

Table2  Proportion of women receiving one or more repeat POP surgeries after the index surgery date, with unadjusted and adjusted hazard ratios for

each cohort

Mesh-based repair

Native tissue repair

Abdominal (n=1187)

Vaginal (n=2328) Abdominal (n=2179) Vaginal (n=37,764)

7698.90
119 (10.0%)

Patient years of follow-up

Number (proportion) of patients with >
1 repeat POP surgery
Median time in years (IQR) between index
surgery date to first repeat POP surgery
Event rate per 100 person-years (95% CI)

Unadjusted HR (95% CI)
P value for unadjusted HR

2.24 (1.10-4.68)

1.55 (1.28-1.85)
1.60 (1.33-1.92)
<0.0001

Adjusted cause-specific HR 1.11 (0.91-1.35)
for repeat POP operation

P value for adjusted HR 0.30

14,827.19
202 (9.0%)

14,728.80
148 (7.0%)

233,948.90
2306 (6.0%)

1.95 (0.948-4.496)  2.55(1.21-5.31) 2,01 (1.02-4.12)

1.36 (1.18-1.56)
1.39 (1.21-1.61)
<0.0001

1.28 (1.10-1.48)

1.00 (0.85-1.18)
1.06 (0.90-1.25)
0.5159

0.96 (0.81-1.13)

0.99 (0.95-1.03)
1.00 (reference)

N/A

1.00 (reference)

0.0014 0.62 N/A
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Table 3  Important patient and surgical covariates adjusted in the multivariable cause-specific Cox PH model accounting for repeat POP surgeries
(cause-specific HR) and in the competing risk Cox PH analysis accounting for both patient deaths and repeat POP surgeries (subdistribution HR)

Adjusted covariate Cause-specific HR (95% CI)  Pvalue  Subdistribution HR (95% CI) P value
for repeat POP surgeries for deaths and repeat POP surgeries
Patient age (each year increase) 0.99 (0.98-0.99) <0.001  0.99 (0.99-0.99) < 0.001
Rural residence 1.06 (0.95-1.18) 0.29 1.06 (0.95-1.18) 0.29
Highest income quintile 1.18 (1.04-1.33) 0.01 1.19 (1.05-1.34) 0.008
Resource utilization band (each band increase) 0.93 (0.86-1.01) 0.07 0.92 (0.85-1.00) 0.04
Teaching hospital 0.88 (0.80-0.98) 0.02 0.88 (0.80-0.98) 0.01
Diabetes mellitus 0.97 (0.84-1.13) 0.70 0.97 (0.83-1.12) 0.66
Prior hysterectomy 1.01 (0.87-1.17) 0.94 1.01 (0.87-1.17) 0.92
Prior SUI 1.18 (1.00-1.40) 0.06 1.19 (1.00-1.40) 0.05
Prior urodynamic studies 1.29 (1.13-1.47) < 0.001 1.29 (1.13-1.48) < 0.001
Prior cystoscopy 1.00 (0.87-1.14) 0.98 1.00 (0.87-1.15) 0.99
Concurrent anterior and posterior repair 0.78 (0.72-0.86) <0.001  0.79 (0.72-0.86) < 0.001
Concurrent hysterectomy 0.71 (0.64-0.78) <0.001 0.71 (0.65-0.78) < 0.001
Concurrent SUT repair 1.22 (1.11-1.34) < 0.001 1.22 (1.11-1.35) < 0.001
Urology as primary surgeon (gynecology as reference)  1.75 (1.34-2.30) <0.001 1.75(1.31-2.33) < 0.001
Number of urology visits 1.00 (0.95-1.05) 0.87 0.99 (0.94-1.05) 0.84
Number of gynecology visits 1.03 (1.01-1.05) 0.01 1.03 (1.00-1.05) 0.02
Number of family medicine visits 1.00 (0.99-1.01) 0.25 1.00 (1.00-1.01) 0.30
Urine culture (yes) 0.99 (0.91-1.08) 0.87 0.99 (0.91-1.08) 0.86
Pelvic ultrasound (yes) 0.86 (0.78-0.94) 0.001  0.85(0.78-0.94) 0.001
Postvoid residual measurement (yes) 0.91 (0.75-1.11) 0.37 0.91 (0.75-1.11) 0.37

women (11.4%) in the vaginal mesh cohort were classified as
having received one or more repeat surgeries for mesh-related
complications. Median time [IQR] from initial apical POP
repair to first surgery for mesh complications was 1.87
[0.46—4.47] years in patients who received primary abdominal
mesh procedures and 2.43 [0.67—4.71] years in patients who
received primary vaginal mesh procedures. When the vaginal
mesh cohort was used as the reference standard in our multi-
variable cause-specific analysis (Appendix 9), no difference in
re-operation for mesh removal, revision or extraction was seen
between the abdominal and vaginal mesh groups (adjusted
HR 0.99 [95% CI: 0.78-1.26]; p =0.99).

Discussion

Vaginal apical suspension is increasingly recognized as an
essential component of POP repairs; however, the optimal
method and route of apical repair remains controversial. In
our population-based study comparing various methods of
primary apical POP repairs, we found a significant increase
in re-operation for recurrent POP in Ontario women receiving
transvaginal mesh apical repairs. We detected no significant
difference in mesh revision or removal between women re-
ceiving abdominal versus transvaginal mesh repairs, with
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approximately 12% of women from each group requiring re-
operation for mesh removal or revision. Our study is the larg-
est known population-based cohort study to date to compare
different methods of vaginal apical POP repairs and to exam-
ine the clinically important factors leading to re-operation for
failure and complications with each approach.

After adjusting for multiple covariates including surgeon
subspecialty, academic versus community hospitals, intraop-
erative complications and concomitant procedures such as
hysterectomy and incontinence surgeries, we found a 39%
increase in re-operation risk in women receiving transvaginal
mesh apical repairs compared with vaginal native tissue re-
pairs. Although our administrative data sources did not cap-
ture preoperative POP-Q scores in our patient cohorts, previ-
ous studies have identified similar baseline POP stages be-
tween patients receiving mesh and native tissue apical repairs
[24, 25]. We also addressed potential disease heterogeneity by
adjusting for factors contributing to POP severity including
patient age, obesity, hysterectomy and anti-incontinence re-
pair status, and health care utilization. This increase in re-
operation for further prolapse surgery post-vaginal mesh
placement is consistent with previous literature [14, 26].
However, when abdominal mesh apical suspension (such as
SCPs) was compared with vaginal native tissue repairs (such
as SSLS or USLF) on multivariable analyses, we detected no
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difference in repeat POP surgery between these two groups.
Previous smaller studies found equivocal outcomes between
these approaches in composite re-operation for complications
and surgical failures [13], but longer follow-up data were
lacking. Our study therefore suggests that, compared with
abdominal repairs for treatment of apical prolapse, primary
vaginal native tissue repairs confer an equivalent re-
operation rate for surgical failure.

The risk of re-operation for repeat POP was lower when the
initial apical repair was done in teaching hospitals, when per-
formed with a concurrent hysterectomy or other vaginal re-
pairs, and when a gynecologist was the primary surgeon.
While vaginal apical suspension is considered superior to sim-
ple anterior or posterior repairs alone, the majority of vaginal
prolapses are still managed with isolated anterior or posterior
repairs [27]. When surgeon expertise was examined in the
context of transvaginal prolapse mesh, surgeons performing
14 or more transvaginal mesh placements yearly had the low-
est rate of mesh re-operation [28]. The Society of
Obstetricians and Gynecologists Canada (SOGC) also sup-
ports the need for additional training and mentorship prior to
performing transvaginal mesh procedures [26]. Our findings
are consistent with previous literature advocating for in-
creased surgeon training in performing POP surgeries, with
surgeon expertise incorporated in covariates at the hospital,
procedural and surgeon levels. It is reassuring, however, that
90-day GI and GU complications remain rare regardless of
mesh use or initial surgical approach.

When mesh use in vaginal apical repairs was examined sep-
arately, we again noted no difference in mesh removal, revision
or excision between abdominal mesh and transvaginal mesh api-
cal POP repairs on multivariable analysis. Our mesh complica-
tion rates were similar for abdominal and vaginal mesh, consis-
tent with literature reporting SCP mesh extrusion rates of 10.5%
[5] and transvaginal mesh exposure rates of 12.2% [26].
Specifically, we noted a similar long-term mesh revision and
excision rate between primary abdominal and vaginal mesh pro-
cedures after adjusting for patient, surgeon and intraoperative
covariates, contrary to previous studies suggesting a higher mesh
complication rate with transvaginal mesh kits [29]. This lack of
difference may be partly explained by our long follow-up time.
In addition, mesh SCPs are most often performed by trained
urogynecologists in academic hospitals, and patients in the ab-
dominal mesh cohort may therefore be subject to a closer follow-
up and lower threshold for detection of mesh complications.
However, it is evident that approximately one in ten women will
receive mesh revisions or removal in their lifetime if mesh is used
during the primary apical suspension procedure, regardless of the
mode of mesh placement.

Our study has several strengths. One strength is the long
follow-up period post initial apical POP repair (mean follow-up
of 6.5 to 7.14 years). Previous smaller studies examining re-
operation and complication rates post apical POP repair report

an average of 1-3 years of follow-up [13, 29], with the longest
mean follow-up recorded at 5 years in a Scottish population-
based cohort study [14]. Additionally, the validity and generaliz-
ability of our study results, encompassing all women in Ontario,
Canada, during the study period, are increased given the wide
variety of surgeons and patients at both teaching and community
hospitals. This population-based study is the largest to date to
capture all methods and approaches of vaginal apical repairs in
women undergoing primary POP surgeries. We linked multiple
validated databases and examined 40 patient and surgical covar-
iates to maximize balance between patient cohorts. We also ac-
knowledge several study limitations. All observational studies
may have differential misclassification of study covariates and
residual confounding, such as potential heterogeneity in POP
stage at baseline. Although we attempted to adjust for surgeon
expertise through surgeon subspecialty training and region, gy-
necologists with subspecialty training in urogynecology are not
consistently differentiated from general gynecologists with our
databases. In addition, surgeons at academic centers possibly had
a lower threshold to re-operate on any type of mesh complica-
tion, which may explain the lack of difference between the ab-
dominal mesh and vaginal mesh cohorts for mesh revision or
removal. Women in the vaginal mesh group also had a longer
interval between initial apical repair and first re-operation for
mesh complications, which may be secondary to the wait time
to subspecialist referral since it is recommended that a female
pelvic reconstructive surgeon with appropriate training be re-
ferred to for mesh complications related to vaginal prolapse sur-
geries [30].

Conclusions

Among women receiving primary apical suspension proce-
dures for POP, the risk of re-operation for recurrent POP is
increased for transvaginal mesh repairs compared with ab-
dominal mesh repairs or any method of native tissue repair.
However, the risk of re-operation for recurrent POP did not
differ between abdominal mesh and vaginal native tissue re-
pairs. Genital fistulas and 90-day GI and GU complications
were rare regardless of mesh use or approach of apical repair.
We found no difference in mesh removal or revision between
abdominal mesh and transvaginal mesh groups; however,
when mesh is placed by either approach during a primary
apical suspension procedure, approximately one in ten women
will require mesh removal or revision in their lifetime. Our
results suggest that vaginal native-tissue apical repairs are as
effective as abdominal mesh repairs when repeat POP surgery
is used as a marker for objective success, without the risk of
subsequent mesh revisions. In the context of the existing mesh
controversy in prolapse repairs, these findings further high-
light the careful selection and counseling of patients prior to
any mesh placement for vaginal apical suspension.
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