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Removal or Revision of Vaginal Mesh Used for the Treatment
of Stress Urinary Incontinence
Blayne Welk, MD, MSc; Hana’a Al-Hothi, MD; Jennifer Winick-Ng, MSc

IMPORTANCE Synthetic mesh slings are the most common surgical treatment for female
stress urinary incontinence (SUI). However, the US Food and Drug Administration has
released warnings that question the safety of vaginal mesh.

OBJECTIVES To measure the incidence of mesh removal or revision after SUI procedures and
to determine whether significant surgeon and patient risk factors exist.

DESIGN, SETTING, AND PARTICIPANTS Population-based retrospective cohort study that
included all adult women undergoing an incident procedure for SUI with synthetic mesh in
Ontario, Canada, from April 1, 2002, through December 31, 2012 (N = 59 887). The end of
potential follow-up was March 31, 2013. Data were analyzed from November 1, 2014, through
February 28, 2015.

EXPOSURES Yearly volume of mesh-based procedures for SUI performed by the treating
surgeons and their surgical specialty.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of surgical
procedures related to removal or revision of mesh slings (owing to erosion, fistula, pain, or
retention). We hypothesized a priori that surgeon volume would be inversely correlated with
complications.

RESULTS Among the identified 59 887 women who underwent a mesh-based procedure for
SUI, the median age was 52 (interquartile range [IQR], 45-63) years. High-volume surgeons
(�75th percentile of yearly mesh-based procedures) were less likely to perform a
simultaneous hysterectomy (performed in 11.5% vs 16.5% of patients; standardized
difference, 0.14), were more likely to work in an academic center (28.9% vs 16.3% of patients;
standardized difference, 0.30), and saw the patient less frequently in the year before the
procedure (median, 2 [IQR, 1-3] vs 3 [IQR, 2-4] visits; standardized difference, 0.26).
Complications were treated in 1307 women (2.2%), and the 10-year cumulative incidence
rate was 3.29 (95% CI, 3.05-3.53). In our multivariable survival model, patients of
high-volume surgeons had a significantly lower risk (95% CI) for experiencing our composite
outcome (hazard ratio [HR], 0.73 [0.65-0.83]; absolute risk reduction, 0.63%
[0.36%-0.92%]; P < .01). Gynecologists were not significantly associated with more
complications compared with urologists (HR, 0.94 [95% CI, 0.83-1.08]; P = .38). Among our
secondary exposures of interest, multiple mesh-based SUI procedures increased the risk for
complications (HR, 4.73 [95% CI, 3.62-6.17]; P < .01). However, traditional high-risk patient
features did not increase the risk (HR, 0.58 [95% CI, 0.08-4.13]; P = .59).

CONCLUSIONS AND RELEVANCE Ten years after SUI mesh surgery, 1 of every 30 women may
require a second procedure for mesh removal or revision. Patients of lower-volume surgeons
have a 37% increased likelihood of having a complication. These findings support the
recommendations of the US Food and Drug Administration related to the use of vaginal mesh
for treatment of SUI.
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F emale stress urinary incontinence (SUI) is a common
condition1 that is often treated with surgery when con-
servative management options are unsuccessful. An es-

timated 1 in 7 women will undergo surgery for SUI during their
lifetime.2

Synthetic mesh has been used since the 1960s for the treat-
ment of SUI. However, the introduction of commercial midure-
thral sling kits in the mid-1990s led to the rapid adoption of
this procedure and an overall increase of use in procedures to
treat SUI.3 Midurethral sling implants constitute the most
prevalent surgical treatment for SUI, and they have sup-
planted previously common operations, such as retropubic sus-
pensions and bladder-neck sling implants.3,4 Although the ef-
ficacy is similar among all of these procedures,5 the midurethral
sling is preferable owing to a significantly shorter operative time
and hospital stay and a quicker patient recovery.6 Long-term
follow-up of some of the first women to receive a midurethral
sling (>17 years ago) suggests that patients have excellent re-
sults and minimal complications.7

However, in recent years, significant concerns have been
raised about the safety of vaginal mesh (used for procedures
to treat SUI and pelvic organ prolapse).8 Several case series have
suggested that mesh-based SUI procedures can lead to chronic
pain,9 urethral fistula,10 significant voiding dysfunction,11 and
mesh erosions into the urethra or the vagina.6 The treatment
of these complications may require surgical revision or re-
moval of the mesh and can leave the patient with substantial
residual symptoms and emotional distress.8,12 In the United
States, more than 50 000 women have joined class action law-
suits for transvaginal mesh complications resulting from SUI
and prolapse procedures.13

The US Food and Drug Administration (FDA)14 and Health
Canada15 have released warnings stating that complications
caused by vaginal mesh are not uncommon, that surgeons
should obtain specialized training in their use, and that the risk
factors for complications have not been well identified. In light
of these statements, we conducted a population-based co-
hort study with the following objectives: (1) to measure the in-
cidence of mesh removal or revision after a mesh sling proce-
dure for SUI, (2) to assess the potential effect of surgeon volume
and specialty, and (3) to determine whether specific risk fac-
tors exist for mesh removal or revision.

Methods
Study Design and Setting
We conducted this study through the Institute for Clinical Evalu-
ative Sciences according to a prespecified protocol. This study
was approved by the research ethics board at Sunnybrook Hos-
pital, Toronto, Ontario, Canada. Individual patient consent was
waived by the research ethics board, in keeping with provin-
cial privacy regulations. All data were deidentified.

We performed a population-based, retrospective cohort
study of all adult women who underwent a mesh sling im-
plant for SUI from April 1, 2002, through December 31, 2012,
in the province of Ontario (which has a population of approxi-
mately 13 million people, all of whom have unlimited access

to a single universal health care system). The STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines were followed (eTable 1 in the
Supplement).16

Data Sources
Our study population, outcomes, exposures, and covariates
were obtained using 3 linked databases. The Discharge Ab-
stract and Same Day Surgery databases of the Canadian Insti-
tute for Health Information (CIHI-DAD/SDS) capture all diag-
nostic and procedural information for patients in Ontario who
have a hospital admission or a surgical procedure (inpatient
and outpatient). The Ontario Health Insurance Plan database
captures all health claims for inpatient and outpatient care ren-
dered by physicians. Finally, the Registered Persons Data-
base contains demographic information on all individuals in
Ontario. The databases are considered complete for all study
variables, aside from physician specialty, which was un-
known for 150 of 1068 of relevant physicians (14.0%). All da-
tabases have patient-level data available from October 1, 1992,
through March 31, 2013. The accuracy of these databases has
been previously measured,17-19 and data elements are valid and
reliable.

Patient Population
Canadian Classification of Health Intervention (CCI) codes from
the CIHI-DAD/SDS database were used to identify our cohort
of adult women who underwent a mesh-based surgical pro-
cedure for SUI during our study period (eTable 2 in the Supple-
ment). The date of the procedure was considered the index
date, and patients were followed up until death, emigration
from the province, the first occurrence of an outcome, or the
end of the study (March 31, 2013). We excluded women who
may have had a mesh-based procedure for SUI before April 1,
2002 (n = 56), and women who had a mesh-based procedure
for pelvic organ prolapse before or during our study period
(n = 1101) (eFigure 1 in the Supplement).

Outcome
We used CCI codes to identify our composite outcome of the
first reoperation for SUI mesh-related complications (eTable
3 in the Supplement). We included specific codes related to the
surgical removal or revision of vaginal or urethral mesh or re-
moval of a foreign body, endoscopic treatment of a urethral for-
eign body or mesh encrustation, urethrolysis, or repair of a ure-
throvaginal fistula. Rare acute surgical complications of SUI
mesh procedures, such as adjacent organ or major-vessel
injury, hematoma, and necrotizing infections, have been char-
acterized previously11 and were not included in this study.

Exposures and Covariates
We prespecified surgeon volume and specialty as the pri-
mary exposures of interest, with a hypothesized inverse
relationship between volume and complications and a hy-
pothesized difference in the complication rate between urolo-
gists and gynecologists. Surgeon volume was defined as the
number of mesh-based procedures for SUI performed per year
and was determined using unique physician identifiers in the
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CIHI-DAD/SDS database. High-volume surgeons were defined
as being at the 75th percentile or greater for mesh implants for
SUI in a given year, and surgeons could move between high-
and low-volume categories with each successive year.
Surgeon specialty was classified as urology, obstetrics/
gynecology, or undetermined using the CIHI-DAD/SDS
database. Secondary exposures included patients at high risk
for mesh-related complications (a binary variable indicating
a previous urinary fistula, urethral diverticulum, urethral in-
jury, or pelvic radiotherapy20,21) and those with multiple mesh
slings. Other covariates (eTable 4 in the Supplement) were age,
obesity (body mass index [calculated as weight in kilograms
divided by height in meters squared] >40), diabetes mellitus,22

combined hysterectomy or non–mesh-based repair of pelvic
organ prolapse, provincial region, academic or community hos-
pital, rural residence,23 general medical comorbidity (health
care usage served as a proxy for overall health and was deter-
mined from the Aggregated Diagnostic Groups resource utili-
zation bands from the validated Johns Hopkins University Ad-
justed Case Groups case-mix system24,25), socioeconomic
status (using the Ontario Marginalization Index, a measure of
regional marginalization, which served as a proxy for indi-
vidual socioeconomic status26), and health care usage in the
year before the mesh-based procedure for SUI.

Statistical Analysis
Data analysis was performed from November 1, 2014, through
February 28, 2015. All baseline characteristics are reported as
frequencies (number [percentage]) or medians (interquartile
range [IQR]). We compared patient baseline characteristics be-
tween high- and low-volume surgeons using standardized
differences.27 This method identifies clinically meaningful dif-
ferences (standardized difference, >10%) as opposed to sta-
tistically significant differences (which are likely with large
sample sizes).27

Our primary analysis was a multivariable survival analy-
sis performed using the PROC PHREG procedure in SAS soft-
ware (version 9.3; SAS Institute Inc). Results are reported as
hazard ratios (HRs) with 95% CIs and P values (P < .05 was con-
sidered significant). We included surgeon volume and spe-
cialty, high-risk patients, and the number of mesh slings (mod-
eled as a time-varying covariate to account for different periods
during which the patient would be at risk owing to an increas-
ing number of consecutive procedures). We adjusted for age,
obesity, diabetes mellitus, other pelvic surgery, Aggregated
Diagnostic Groups resource utilization bands (as an ordinal vari-
able), provincial region, hospital type, rurality, and socioeco-
nomic status. The Cochrane-Armitage test for linear trends28

was used to assess for significant changes in the 1-year event
rate over time.

A number of post hoc sensitivity analyses were per-
formed to confirm the effects of our primary and secondary
exposures. First, we restricted the patient population to those
with CCI codes suggesting a midurethral sling implant (as op-
posed to other potential mesh-based surgical procedures for
SUI, such as bladder-neck mesh sling implants). Second, we
censored patients on future non–mesh-based SUI surgery.
Third, we varied our definition of high-volume surgeon to those

who performed procedures at the 50th percentile or greater
among all surgeons performing the mesh-based procedures
in a given year. Fourth, we explored the volume outcome
relationship graphically. Fifth, we considered multiple mesh
slings as a count variable. Finally, we accounted for patient
clustering within individual surgeons using a hierarchical
model.

Results
Baseline Characteristics
We identified 59 887 women who underwent mesh-based pro-
cedures for SUI during the study period. Median follow-up was
4.4 (IQR, 2.4-6.9) years. One thousand seven hundred forty
women (2.9%) were censored for death; 915 women (1.5%), for
emigration.

The surgical procedures were performed by 1068 unique
surgeons (293 urologists [27.4%], 625 gynecologists [58.5%],
and 150 unspecified [14.0%]). The overall number of proce-
dures increased from 2002 through 2009 and then declined
(eFigure 2 in the Supplement). The numbers of high- and low-
volume surgeons are shown in eFigure 3 in the Supplement.
Patients were classified as having received a sling from a high-
volume surgeon (≥75th percentile for the yearly volume of
surgeons performing mesh-based procedures for SUI) or a low-
volume surgeon (<75th percentile), and the baseline charac-
teristics of our cohort are shown in Table 1. The median cut-
off for the number of yearly mesh-based procedures for SUI
that defined high-volume surgeons during each year of the
10-year study was greater than 16 (IQR, 13-18). High-volume
surgeons were less likely to perform a simultaneous hyster-
ectomy (11.5% vs 16.5%; standardized difference, 0.14),
were more likely to perform surgery in an academic center
(28.9% vs 16.3%; standardized difference, 0.30), and saw
the patient less frequently in the year before the surgery
(median, 2 [IQR, 1-3] vs 3 [IQR, 2-4] visits; standardized dif-
ference, 0.26). We found significant regional variation, with
patients in some regions being more or less likely to be
treated by a low-volume surgeon.

Primary Analysis
Overall, 1307 women (2.2%) underwent mesh removal or re-
vision a median of 0.94 (IQR, 0.35-2.49) years after receiving
a mesh implant for SUI (Table 2). The sling complication was
treated by the same surgeon responsible for the original pro-
cedure in 812 of the 1307 cases (62.1%). The cumulative inci-
dence rate of the complications of interest increased from 1.17
(95% CI, 1.09-1.27) at 1 year to 3.29 (95% CI, 3.05-3.53) at 10
years (Table 3). Unadjusted analysis demonstrated that pa-
tients of low-volume surgeons had a 37% (95% CI, 17%-49%
[P < .01]) higher relative risk and a 0.63% (95% CI, 0.36%-
0.92%) increased absolute risk for mesh removal or revision
compared with patients treated by high-volume surgeons (HR,
0.73 [0.65-0.83]); the effect of surgical specialty was not sig-
nificant. Similarly, in our multivariable model, patients of
low-volume surgeons were significantly more likely to expe-
rience the composite outcome (HR, 1.37 [95% CI, 1.21-1.55];
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Table 1. Baseline Characteristics of Patients by Surgeon Volume

Patient Dataa
Standardized
Difference
of the Meanc

High-Volume Surgeonb

(n = 44 140)
Low-Volume Surgeon
(n = 15 747)

Age, median (IQR), y 53 (45-63) 52 (45-63) 0.02

ADG resource utilization band, median (IQR)d 3 (3-4) 4 (3-4) 0.06

BMI >40 (obese) 1976 (4.5) 698 (4.4) 0

Diabetes mellitus 5222 (11.8) 2036 (12.9) 0.03

Simultaneous hysterectomy 5061 (11.5) 2603 (16.5) 0.14

Prior hysterectomy 3633 (8.2) 1329 (8.4) 0.01

Simultaneous non–mesh-based surgery for pelvic organ prolapse 13 115 (29.7) 4743 (30.1) 0.01

Prior non–mesh-based surgery for pelvic organ prolapse 2386 (5.4) 805 (5.1) 0.01

>1 Mesh-based procedure for SUI during the study period 900 (2.0) 352 (2.2) 0.01

High-risk patiente 54 (0.1) 19 (0.1) 0

Fiscal year of cohort entry (index date)

2002f 1917 (4.3) 668 (4.2) 0

2003 2664 (6.0) 859 (5.5) 0.02

2004 3199 (7.2) 1005 (6.4) 0.03

2005 4056 (9.2) 1251 (7.9) 0.05

2006 4144 (9.4) 1584 (10.1) 0.02

2007 4727 (10.7) 1669 (10.6) 0

2008 5218 (11.8) 1759 (11.2) 0.02

2009 5177 (11.7) 2055 (13.1) 0.04

2010 4836 (11.0) 1859 (11.8) 0.03

2011 4969 (11.3) 1835 (11.7) 0.01

2012g 3233 (7.3) 1203 (7.6) 0.01

Patients’ provincial regionh

1 6175 (14.0) 1461 (9.3) 0.15

2 4081 (9.2) 1466 (9.3) 0

3 1312 (3.0) 241 (1.5) 0.10

4 3972 (9.0) 899 (5.7) 0.13

5 5610 (12.7) 2233 (14.2) 0.04

6 1855 (4.2) 830 (5.3) 0.05

7 2436 (5.5) 949 (6.0) 0.02

8 1191 (2.7) 692 (4.4) 0.09

9 2806 (6.4) 1557 (9.9) 0.13

10 3093 (7.0) 1397 (8.9) 0.07

11 906 (2.1) 932 (5.9) 0.19

12 4548 (10.3) 1105 (7.0) 0.12

13 3522 (8.0) 777 (4.9) 0.13

14 2621 (5.9) 1202 (7.6) 0.07

Ontario Marginalization Index, median (IQR)i

Dependency 3 (2-4) 3 (2-4) 0.04

Material deprivation 2 (1-4) 3 (2-4) 0.10

Ethnic concentration 3 (2-4) 3 (2-4) 0.06

Residential instability 2 (1-4) 3 (2-4) 0.06

Rural residence 8290 (18.8) 3025 (19.2) 0.01

Surgeon specialty

Urology 18 946 (42.9) 6648 (42.2) 0.01

Obstetrics/gynecology 25 133 (56.9) 8837 (56.1) 0.02

Unknown 61 (0.1) 262 (1.7) 0.17

Teaching or academic hospital 12 762 (28.9) 2562 (16.3) 0.30

(continued)
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P < .01), and the difference between surgical disciplines was
not significant (Table 4).

For our secondary exposures, 1252 women (2.1%) had mul-
tiple mesh sling implants (of whom 1191 [95.1%] had 2 and 61
[4.9%] had ≥3), and 73 women (0.1%) had potential risk fac-
tors for mesh-related complications. Among women with mul-
tiple mesh-based procedures for SUI, the absolute risk for mesh
removal or revision was 4.87% (95% CI, 3.86%-6.06%). In mul-
tivariable modeling, these women had a 4.73-fold increased

hazard of this complication (95% CI, 3.62-6.17 [P < .01]) and
an absolute risk increase of 2.8% (95% CI, 1.7%-4.1%). The HR
among women who had risk factors for mesh removal or re-
vision was not significant (0.58 [95% CI, 0.08-4.13; P = .59]).
The rate of intervention for SUI-related mesh revision or
removal during the first postoperative year increased signifi-
cantly during the study period from 9.74 per 1000 person-
years in 2002 to 14.84 per 1000 person-years in 2012 (P < .001;
eTable 5 in the Supplement).

Table 2. Mesh Revision and Removal After Placement of a Synthetic Sling for SUI

Entire Cohort
(N = 59 887)

Surgeon Volumea Surgical Specialtyb

High
(n = 44 140)

Low
(n = 15 747)

Urology
(n = 25 594)

Gynecology
(n = 33 970)

Duration of follow-up, median,
(IQR), y

4.43
(2.35-6.88)

4.50
(2.38-6.96)

4.24
(2.24-6.68)

4.96
(2.68-7.46)

4.10
(2.13-6.38)

Total follow-up, person-years 282 801 210 483 72 318 131 036 150 074

Events, No. (%) of patients 1307
(2.2)

890
(2.0)

417
(2.6)

584
(2.3)

712
(2.1)

Time from index date to outcome,
median (IQR), y

0.94
(0.35-2.49)

0.94
(0.34-2.59)

0.93
(0.35-2.38)

1.00
(0.32-2.83)

0.90
(0.37-2.23)

Event rate per 1000 patient-years
of follow-up (95% CI)

4.62
(4.38-4.88)

4.23
(3.96-4.52)

5.77
(5.24-6.35)

4.46
(4.11-4.83)

4.74
(4.41-5.11)

Unadjusted risk ratio (95% CI) 1 [Reference] 1.37
(1.17-1.49)c

1 [Reference] 0.92
(0.82-1.02)d

Abbreviations: IQR, interquartile range; SUI, stress urinary incontinence.
a Defined in Table 1.
b Three hundred twenty-three patients underwent operations from 1 of 150

surgeons with an unknown surgical specialty.
c P < .01 compared with a high surgeon volume.
d P = .13 compared with a urologist.

Table 1. Baseline Characteristics of Patients by Surgeon Volume (continued)

Patient Dataa
Standardized
Difference
of the Meanc

High-Volume Surgeonb

(n = 44 140)
Low-Volume Surgeon
(n = 15 747)

No. of health care resources used 1 y before mesh-based
procedure for SUI, median (IQR)

Family physician visits 6 (3-9) 6 (3-9) 0.05

Urology or gynecology visits 2 (1-3) 3 (2-4) 0.26

Hospital admissions 0 (0-0) 0 (0-0) 0.04

Death after index event 1289 (2.9) 485 (3.1) 0.01

Emigration 683 (1.5) 232 (1.5) 0

Abbreviations: ADG, Aggregated Diagnostic Groups; BMI, body mass index
(calculated as weight in kilograms divided by height in meters squared);
IQR, interquartile range; SUI, stress urinary incontinence.
a A high-volume surgeon is defined as being at the 75th percentile or higher for

mesh implants for SUI in a given year; a low-volume surgeon, at less than the 75th
percentile. Unless otherwise indicated, data are expressed as the number
(percentage) of patients. Percentages have been rounded and may not total 100.

b Indicates 75th percentile or higher for procedures performed for SUI.
c Standardized differences of the mean are less sensitive to sample size than

traditional hypothesis testing. A value of greater than 10% (0.1) is considered a
meaningful difference between groups.

d Using the ADG codes, we assigned 1 of 6 resource utilization bands to patients
based on their health care usage and the severity and chronicity of the medical
problems for which they access health care services (0 indicates nonusers;
1, healthy users; 2, low morbidity; 3, moderate morbidity; 4, high morbidity;
and 5, very high morbidity). This claims-based comorbidity adjustment system
considers inpatient and outpatient care and categorizes comorbidities based
on the duration, severity, and cause of the comorbidity. This system better
discriminates the comorbidities of a patient population that rarely received
inpatient care.

e Includes history of fistula, diverticulum, radiotherapy, or urethral injury.
f Indicates April 1, 2002, through March 30, 2003.
g Indicates April 1 through December 30, 2012.
h The province of Ontario is separated into 14 local health integration networks,

based on geographic boundaries, which are responsible for planning,
integrating, and funding local health care. These regions were anonymized
according to privacy regulations. This information was missing for 12 patients
in the high-volume surgeon category and 6 patients in the low-volume
surgeon category (standardized difference, 0).

i The Ontario Marginalization Index26 is a geographically based,
multidimensional index derived from Canadian Census data that is used as a
proxy for individual marginalization (1 indicates least marginalized; 5, most
marginalized). These domains assess 18 different socioeconomic and
marginalization variables for small geographic areas, such as the proportion of
people older than 65 years or younger than 14 years (dependency), proportion
unemployed (material deprivation), proportion of visible minorities (ethnic
concentration), and proportion of dwellings not owned (residential
instability).
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Sensitivity Analysis
The results of the sensitivity analyses are described in eTable
6 in the Supplement. The statistical significance and direc-
tion of effect for our primary and secondary exposures across
all of these analyses were consistent. The probability of expe-
riencing an SUI-related mesh complication based on the sur-
geon’s annual procedure volume is shown in the Figure.

Discussion
Mesh-based slings are appropriate for most female patients
with SUI.29,30 For women with complications, surgical inter-
vention is considered the standard of care for mesh erosions
into the urinary tract or urinary fistula and for most women
with vaginal mesh exposure, significant voiding dysfunc-
tion, or severe pelvic pain after surgery.6,9-11 Over time, early
surgical interventions have become more common (eTable 5
in the Supplement), perhaps as a result of increased patient
awareness31 and improved physician confidence and experi-
ence with operative management of mesh complications. We
have demonstrated that among our cohort of women under-
going vaginal mesh-based procedures solely for SUI, 2.2% un-
derwent operative intervention for these complications (cu-
mulative incidence rate, 3.29 at 10 years). Our results are
consistent with an analysis of data from US health mainte-
nance organizations32 that reported a 9-year rate of urethroly-
sis or mesh removal of 3.7% and a meta-analysis of clinical trial
data33 that determined an overall proportion of patients re-
quiring any secondary surgery of 3.2%. Although the FDA in
the past has treated all vaginal mesh implants as equivalent,
the intervention rates for mesh-based complications in pro-
cedures for SUI appear to be lower than those associated with
procedures for pelvic organ prolapse.34

A surgeon volume of mesh-based procedures for SUI of
less than the 75th percentile was associated with a 37%
increased risk for surgically managed mesh-related complica-
tions. Although surgeon volume has been shown to be
important for complex operations, such as oncologic and car-
diac surgery,35 its role in less demanding procedures is not
well defined. The vaginal mesh regulatory notifications and

expert opinion suggest that surgeons should obtain special-
ized training and experience in vaginal mesh surgery8,14,15;
the demonstrated volume-outcome relationship (Figure) in
this study supports this assertion. Urologists and gynecolo-
gists have very different surgical training and day-to-day
practices, and previous studies36 have suggested that differ-
ences exist in SUI outcomes between these groups of physi-
cians. We hypothesized that complication rates may differ
between these 2 groups; however, our hypothesis was not
proved. This finding suggests that procedure-specific knowl-
edge and experience is important for surgery to treat SUI
rather than general operative training.

The prospective assessment of risk factors for SUI-
related complications of mesh implants requiring surgical in-
tervention is challenging given their rarity and prolonged time
to presentation. Registries, such as the FDA Manufacturer and
User Facility Device Experience database, and case series have
significant reporting bias.11 However, observational adminis-
trative data studies are well suited to address this question. We
demonstrated that undergoing 2 or more mesh-based proce-
dures for SUI is associated with an almost 5-fold increased risk
for complications. This novel finding should temper the en-
thusiasm of case series that suggest that the use of multiple
synthetic slings is safe and efficacious.37,38 This finding is par-
ticularly important because undergoing additional mesh-
based sling implant procedures (presumably for recurrent SUI)
is the primary practice pattern in our cohort (and others39):
after an initial mesh sling implant, and before surgery for a
mesh-related complication, 1307 women underwent an addi-
tional mesh sling implant procedure, whereas only 147
women underwent a secondary non–mesh-based procedure
for SUI. We did not demonstrate a significant increased risk
among women who are considered to be at higher risk for
complications from a mesh-based procedure for SUI.20 This
finding is likely a result of the very small number of these
patients within our cohort, which in itself is reassuring in
terms of patient selection.

The other covariates in our study also deserve discus-
sion. Being younger was associated with a higher likelihood
of mesh removal or revision, possibly as a result of more ag-
gressive surgical management of complications32 and an in-

Table 3. The Cumulative Incidence Rate of Mesh Revision and Removal After Stress Urinary Incontinence
Treatment by Years of Follow-up

Year

No. of Patients
Cumulative Incidence
(95% CI)

At the Beginning
of Follow-up Censored

With Mesh Removal
or Revision During Follow-up

1 59 887 4563 681 1.17 (1.09-1.27)

2 54 643 7042 234 1.63 (1.52-1.74)

3 47 367 6795 118 1.90 (1.78-2.02)

4 40 454 7267 83 2.12 (2.00-2.24)

5 33 104 6955 64 2.33 (2.20-2.46)

6 26 085 6210 48 2.54 (2.39-2.69)

7 19 827 5504 28 2.69 (2.53-2.85)

8 14 295 5013 25 2.90 (2.72-3.08)

9 9257 3874 16 3.11 (2.91-3.31)

10 5367 3134 7 3.29 (3.05-3.53)
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creased likelihood of dyspareunia. Increased comorbidity was
associated with increased mesh removal or revision, which may
be caused by impaired healing and preexisting voiding dys-
function from concurrent medical conditions. The additional
dissection, trauma to the pelvic nerve plexus, and postopera-
tive change to the vaginal anatomy may account for the in-
creased risk for complications observed with a simultaneous

hysterectomy and mesh-based procedure for SUI.32,34 The in-
creased risk for mesh removal or revision associated with aca-
demic hospitals may be owing to an increased clinical vigi-
lance for complications or to unadjusted case-mix differences
compared with nonacademic hospitals. The involvement of
surgical trainees may also play a role because an increased risk
for morbidity with trainee involvement has been demon-
strated across a large spectrum of surgical procedures40 and
specifically among urology residents performing urogyneco-
logic procedures.41 The reduced risk observed with simulta-
neous prolapse surgery may be a marker of more favorable va-
gina exposure at the time of sling placement. The significant
regional variation across Ontario (despite multivariable ad-
justment) may be owing to regional preferences for specific
commercial mesh slings, different training and mentoring for
practicing surgeons learning the procedure, and varying ac-
cess to tertiary referral practices for complex issues, such as
pain or voiding dysfunction after mesh sling procedures.

Our study has several strengths. This population-based
study addresses multiple key questions from the FDA and
Health Canada and substantiates their recommendation that
surgeons should obtain training and experience in the use of
vaginal mesh implants for SUI. Ontario’s health care data-
bases and universal health care system provide a large and in-
clusive population of women treated by a variety of surgeons
and with a variety of mesh types and mesh-based proce-
dures. This setting maximizes the precision and generalizabil-
ity of our results compared with the results of randomized clini-
cal trials that rely on highly selected patients treated at
specialist centers. Across several sensitivity analyses, the mag-
nitude and significance of our primary and secondary expo-
sures were consistent.

Table 4. Multivariable Survival Analysis to Assess Independent Patient
and Surgeon Risk Factors Associated With Mesh-Related Complication
After Procedure for SUI

Variable HR (95% CI) P Value
Surgeon volumea

High 1 [Reference]

Low 1.37 (1.21-1.55) <.01

Surgeon specialty

Urology 1 [Reference] NA

Gynecology 0.94 (0.83-1.08) .38

Unknown 1.18 (0.64-2.17) .59

Multiple mesh-based procedures
for SUI

4.73 (3.62-6.17) <.01

High-risk patientb 0.58 (0.08-4.13) .59

Age per 10-y increase 0.86 (0.82-0.90) <.01

ADG resource utilization bandc 1.31 (1.21-1.41) <.01

Obesity 0.82 (0.62-1.10) .19

Diabetes mellitus 1.11 (0.94-1.32) .22

Simultaneous hysterectomy 1.24 (1.08-1.42) <.01

Simultaneous non–mesh-based
surgery for pelvic organ prolapse

0.80 (0.66-0.97) .02

Provincial regiond

1 1 [Reference]

2 1.72 (1.35-2.20) <.01

3 2.38 (1.71-3.30) <.01

4 1.66 (1.29-2.14) <.01

5 1.40 (1.10-1.78) <.01

6 1.35 (0.99-1.85) .06

7 1.26 (0.92-1.71) .15

8 0.85 (0.55-1.31) .47

9 1.58 (1.21-2.06) <.01

10 1.11 (0.84-1.47) .47

11 1.27 (0.87-1.84) .22

12 1.06 (0.80-1.41) .67

13 1.19 (0.90-1.58) .22

14 1.41 (1.06-1.87) .02

Ontario Marginalization Indexd

Dependency 1.02 (0.97-1.07) .46

Deprivation 1.01 (0.96-1.06) .70

Ethnic concentration 0.99 (0.94-1.04) .65

Instability 0.99 (0.94-1.04) .73

Academic or teaching hospital 1.18 (1.02-1.36) .03

Abbreviations: ADG, Aggregated Diagnostic Groups; SUI, stress urinary
incontinence.
a Defined in Table 1.
b Includes history of fistula, diverticulum, radiotherapy, or urethral injury.
c Defined in Table 1. The reference category is band 0/1, indicating a healthy

user.
d Defined in Table 1.

Figure. Predicted Probability of Mesh-Related Complication
in the Treatment of Stress Urinary Incontinence by Annual Surgeon
Volume
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The overlying histogram plot shows the distribution of annual surgeon volume.
Predicted probability (solid line) was calculated using a logistic regression model
with the same covariates as the primary analysis and was based on the
observed sample means and proportions for each of the covariates. Dashed
lines represent the 95% CI.

Vaginal Mesh for the Treatment of Stress Urinary Incontinence Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery December 2015 Volume 150, Number 12 1173

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.2590


Copyright 2015 American Medical Association. All rights reserved.

The limitations of this study should also be acknowl-
edged. Despite measuring several important covariates, ob-
servational studies may have residual confounding; for ex-
ample, the degree of incontinence, smoking status, and type
of mesh could not be measured. Although the CCI codes as a
whole defined our cohort and primary outcome well, we could
not reliably identify specific sling types (such as retropubic or
transobturator slings or mini-slings) or specific complica-
tions. Some outcomes in our study may not have had a direct
causal link with the mesh-based procedure for SUI. Finally, we
relied on surgical removal or revision of mesh as our out-
come. This measure captures the most serious complica-
tions; however, we have likely underestimated the true abso-
lute rate of mesh-related complications because we were not
able to include asymptomatic patients, those with nonsurgi-
cal complications, or those treated outside the operating room.

Conclusions

Among adult women undergoing mesh-based procedures for
SUI, the risk for secondary surgery for specific complications
is low (cumulative incidence rate, 3.29 at 10 years). Patients
of lower-volume surgeons are 37% more likely to require sur-
gery for mesh complications. These findings support the
regulatory statements that suggest that patients should be
counseled regarding serious complications that can occur
with mesh-based procedures for SUI and that surgeons
should achieve expertise in their chosen procedure. Multiple
mesh-based procedures for SUI are a novel risk factor associ-
ated with an almost 5-fold higher rate of mesh removal or
revision, and the safety of this practice should be studied
further.
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Invited Commentary

Complications After Surgery for Stress Urinary Incontinence
Untangling a Mesh of Uncertainties
Christian P. Meyer, MD; Quoc-Dien Trinh, MD

Recently, a Delaware jury awarded $100 million to a woman
who sued a manufacturer of vaginal mesh devices on the ba-
sis of negligence, breach of warranty, and fraud.1 This case may
represent the tip of the iceberg because many similar litiga-

tion cases are pending. Al-
though the lay press has fo-
cused on the judicial aspect
and the potential financial

fallout for manufacturers, little attention has been paid to
understanding the factors associated with adverse events
after vaginal mesh-based procedures. Indeed, the US Food
and Drug Administration has called for intensified efforts to
study the risks of implantable mesh in postmarket surveil-
lance studies.2 However, the results of these efforts are still
underway.3

In this issue of JAMA Surgery, Welk and colleagues4 pro-
vide important evidence to inform the debate. They rely on
robust data from 59 887 patients during a 10-year period and
identify important patient- and surgeon-specific predictors of
mesh-related complications. Although the overall reopera-
tion rate was low (3.3%), surgical volume was the single most
significant predictor of clinical outcomes. First introduced as

a concept in 1979 by Luft et al5 and comprehensively de-
scribed in a landmark study by Birkmeyer et al6 in 2002, the
volume-outcomes relationship has been validated in various
settings since, predominantly for complex procedures such as
pancreatectomy, esophagectomy, and radical prostatectomy.7

The present report by Welk and colleagues, however, focuses
on a commonly performed, same-day procedure with a low
baseline risk for complications. These results are unsettling be-
cause they raise uncomfortable questions about the struc-
ture of surgical education and the delivery of treatment.

Although relatively little controversy exists about the need
to centralize complex, high-risk surgical procedures, what
should be done for more common procedures that are less likely
to require complex coordination of care between specialists
and infrastructure remains unclear. The results of Welk et al
suggest that treatment of stress urinary incontinence would
be better served by a high-volume surgeon; however, for such
a common procedure, this solution may be impractical or im-
possible. Should patients be expected to travel hundreds of
miles for surgery by a designated high-volume surgeon? Simi-
larly, if the community urologist or gynecologist is not to per-
form such procedures, then what are they supposed to do? A
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