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Abstract
Purpose Vesicovaginal fistulae (VVF) have a significant negative impact on quality of life, with failed surgical repair result-
ing in ongoing morbidity. Our aim was to characterize the rate of VVF repair and repair failures over time, and to identify 
predictors of repair failure.
Methods We completed a population-based, retrospective cohort study of all women who underwent VVF repair in Ontario, 
Canada, aged 18 and older between 2005 and 2018. Risk factors for repair failure were identified using multivariable cox 
proportional hazard analysis; interrupted time series analysis was used to determine change in VVF repair rate over time.
Results 814 patients underwent VVF repair. Of these, 117 required a second repair (14%). Mean age at surgery was 52 years 
(SD 15). Most patients had undergone prior gynecological surgery (68%), and 76% were due to iatrogenic injury. Most 
repairs were performed by urologists (60%). Predictors of VVF re-repair included iatrogenic injury etiology (HR 2.1, 95% 
CI 1.3–3.45, p = 0.009), and endoscopic repair (HR 6.1, 95% CI 3.1–11.1, p < 0.05,); protective factors included combined 
intra-abdominal/trans-vaginal repair (HR 0.51, 95% CI 0.3–0.8, p = 0.009), and surgeon years in practice (21 + years—HR 
0.5, 95% CI 0.3–0.9, p = 0.005). Age adjusted annual rate of VVF repair (ranging from 0.8 to 1.58 per 100,000 women) and 
re-repair did not change over time.
Conclusions VVF repair and re-repair rates remained constant between 2005 and 2018. Iatrogenic injury and endoscopic 
repair predicted repair failure; combined intra-abdominal/trans-vaginal repair, and surgeon years in practice were protective. 
This suggests surgeon experience may protect against VVF repair failure.
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Introduction

Vesicovaginal fistula (VVF) is an abnormal tract connecting 
the bladder to the vagina and is the most commonly acquired 
urogenital fistula, often presenting as continuous inconti-
nence of urine per vagina [1]. Iatrogenic injury from sur-
gery is the most common cause for VVF in North America 
(> 75%), with hysterectomy as the most common surgical 
cause [2]. Other etiologies include obstructed labour, radia-
tion, malignancy, trauma, and inflammatory conditions [3].

VVF, and urinary incontinence in general, is associated 
with a significant decrease in quality of life (QoL). It has 
been associated with discomfort, social isolation, changes in 
sexual activity, depression and anxiety [4]. Urinary inconti-
nence has been reported as one of the most common causes 
of loss of health-related QoL at the population level, on par 
with depression and back problems [5].

Considerable research has been done on obstetrical VVF 
in the developing world, but there is a lack of high-level evi-
dence on fistula repair in North America. A 2012 study by 
Brown et al. reviewed trends in lower reproductive tract fis-
tula repair and estimated 33,221 patients required VVF sur-
gical repair in the United States from 1979 to 2006 [6]. The 
success rate of VVF surgical repair is estimated at 77.5% 
[7]. Re-repair rates of genitourinary (GU) fistula are highly 
variable in the literature, ranging from 9 to 42% [8–10].

This study will identify rates of fistula repair and need 
for secondary repair in a large Canadian cohort, examine 
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practice patterns of repair, and identify predictors for fistula 
repair failure.

Methods

Data sources and setting

REB approval was obtained prior to study initiation at our 
institution (REB# 290–2019). We conducted a retrospective, 
population-based cohort study of all patients ≥ 18 years of 
age in Ontario, Canada, using linked health administrative 
databases. All analyses were performed between 2019 and 
2021.

In Ontario, all necessary healthcare services, physi-
cian services and prescription medication information are 
recorded and held at ICES (Institute for Clinical Evaluative 
Sciences) (http:// www. ices. on. ca). ICES is an independ-
ent, non-profit research institute whose legal status under 
Ontario’s health information privacy law allows it to col-
lect and analyze health care and demographic data, with-
out individual patient consent, for health system evaluation 
and improvement. We linked the following validated data 
sets: the Canadian Institute for Health Information Dis-
charge Abstract Database (CIHI-DAD), which contains 
records for all hospitalizations; the Canadian Institute for 
Health Information National Ambulatory Care Reporting 
System (NACRS), which contains records for emergency 
department visits; and the Ontario Health Insurance Plan 
database (OHIP), which tracks claims paid for physician 
billings, laboratories, and out-of-province providers (phy-
sicians, allied health, and hospitals). These datasets were 
linked using unique, encoded identifiers, and were analyzed 
at ICES. Individual informed consent was waived owing to 
the anonymous, aggregated nature of the data.

Study subjects

We identified all residents of Ontario, Canada, who 
were ≥ 18 years of age between January 1, 2005, and Decem-
ber 31, 2018 who had VVF repair, using OHIP surgical bill-
ing codes (index surgery date defined by operation code, 
available in Appendix 1). The last date of follow-up was 
March 31, 2019. A 3-year look-back window was completed 
to ensure index case surgery date and a life-long look-back 
window was used to identify patient baseline characteristics.

Baseline characteristics

We collected patient, physician, and health-care utilization 
variables, listed in Table 1. Surgeon covariates, listed in 
Table 2, were extracted from the ICES physician database 
(IPDB). The total sample (n = 814) was divided into those 

patients who had VVF repair success (n = 697) and those 
who underwent VVF re-repair (n = 117). Each group was 
summarized using descriptive statistics and expressed as 
mean and standard deviations (SD) and median and inter-
quartile range (IQR) for continuous variables, and frequency 
and percentage for categorical variables. Baseline patient 
characteristics, physician factors, and health care utilization 
were compared. A two-sample Student’s t-test and Wilcoxon 
rank-sum test were used to compare the difference in means 
and medians, respectively. Chi-squared tests were used to 
compare categorical variables of non-paired data. When 
expected cell counts were < 5, the Fisher’s exact test was 
used.

Primary objective

To determine the rate of VVF surgical repair failure, defined 
as OHIP surgical billing code for VVF surgical re-repair. 
Multi-variable cox proportional hazard model was con-
ducted to determine predictors for VVF re-repair. The model 
used a stepwise selection of variables based on the smallest 
AIC and best subsets, with age as a pre-selected variable.

Secondary objective

To characterize the change in rate of VVF repair and failures 
over time. Primary exposure was calendar year of VVF sur-
gical repair. The dependent variable was number of cases of 
VVF repairs done annually, operationalized as raw number 
of cases per year, number of cases per 100,000 population, 
and number of cases per 100,000 population age adjusted. 
To assess the rate of VVF repair over time we used inter-
rupted time series analysis. Model diagnostics to determine 
the best fit models are outlined in Appendix 2.

Adjusted annual rate of re-repair of VVF was determined 
using interrupted time series analysis, adjusting for surgeon 
type, repair type, fistula etiology, hospital location and prior 
pelvic radiation in logistic regression, where adjusted rate 
is estimated from logistic regression results for each year, 
outlined in Appendix 2.

All statistics were performed using SAS® software and 
statistical significance was defined as p < 0.05.

Results

Patient baseline characteristics

We identified 814 patients who had surgical repair of VVF 
between January 1, 2005, and December 31, 2018, in 
Ontario, Canada. Of these patients, 117 had a second VVF 
repair within the study period and were defined as VVF 
repair failures.

http://www.ices.on.ca
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Baseline patient characteristics are presented in Table 1. 
Mean age at time of surgery was 52.5  years. 6.4% of 
patients had a BMI > 40. The patient cohort was spread 
evenly across income quartiles. 84% were from an urban 
setting. The majority had a Charlson Comorbidity Score 
of 0 (81%). 8% had been diagnosed with endometriosis, 

7% diagnosed with cervical/vaginal malignancy, 7% diag-
nosed with bladder malignancy, and 4% had undergone 
pelvic radiation. The majority had pelvic surgery, with 
68% having undergone a gynecological surgical procedure. 
12% had pelvic mesh placement. 25% had had vaginal 

Table 1  Baseline characteristics 
of VVF repair and re-repair 
patient cohort

Bolded values represent significant p values
*SD standard deviation, IQR interquartile range, No. number. **Neighborhood income quintile is a meas-
ure of relative household income, adjusted for household size and cost of living. + CCI is a measure of 
comorbidities associated with mortality (scored from 0 to 3 + , 3 + being the most comorbid).   approxi-
mate

Baseline Characteristics Overall Primary VVF repair Requiring sec-
ond VVF repair

P value

N = 814 N = 697 N = 117

Demographic variables
 Age at index date (years),
Mean (SD)

52.52 ± 14.88 52.95 ± 15.12 49.98 ± 13.16 0.046

 Obese (BMI >  = 40), No. (%) 52 (6.4%) 45 (6.5%) 7 (6.0%) 0.846
 Income quintile**, No. (%)
  1–lowest 160 (19.7%) 140 (20.1%) 20 (17.1%) 0.641
  2 168 (20.6%) 142 (20.4%) 26 (22.2%)
  3 171 (21.0%) 141 (20.2%) 30 (25.6%)
  4 173 (21.3%) 151 (21.7%) 22 (18.8%)
  5–highest 142 (17.4%) 123 (17.6%) 19 (16.2%)

 Location of residence, No. (%)
  Urban 683 (83.9%) 593 (85.1%) 90 (76.9%) 0.026
  Rural 131 (16.1%) 104 (14.9%) 27 (23.1%)

Measures of  comorbidity+, No. (%)
 Charlson Comorbidity Index
  0 656 (80.6%) 564 (80.9%) 92 (78.6%) 0.600ⱡ
  1 42 (5.2%) NR NR
  2 + 116 (14.3%) 95–99 17–21
  Pelvic radiation 36 (4.4%) 29 (4.2%) 7 (6.0%) 0.375
  Endometriosis 68 (8.4%) 60 (8.6%) 8 (6.8%) 0.522
  Vaginal/Cervical malignancy 58 (7.1%) 43 (6.2%) 15 (12.8%) 0.01
  Bladder malignancy 59 (7.2%) 47 (6.7%) 12 (10.3%) 0.175

Prior pelvic surgery
 Gynecology 556 (68.3%) 459 (65.9%) 97 (82.9%)  < 0.001
 Urology 86 (10.6%) 68 (9.8%) 18 (15.4%) 0.067
 General surgery 88 (10.8%) 75 (10.8%) 13 (11.1%) 0.91
 Procedure involving mesh 97 (11.9%) 84 (12.1%) 13 (11.1%) 0.771

Obstetrical history
 Vaginal births 204 (25.1%) 176 (25.3%) 28 (23.9%) 0.761
 Caesarean sections 121 (14.9%) 102 (14.6%) 19 (16.2%) 0.652

Etiology of fistula
 Iatrogenic injury 617 (75.8%) 514 (73.7%) 103 (88.0%)  < 0.001
 Malignancy 183 (22.5%) 149 (21.4%) 34 (29.1%) 0.065
 Obstetrical trauma 91 (11.2%) 77 (11.0%) 14 (12.0%) 0.770
 Endometriosis 68 (8.4%) 60 (8.6%) 8 (6.8%) 0.522
 Radiation induced 40 (4.9%) 33 (4.7%) 7 (6.0%) 0.563
 Other/unknown 167 (20.5%) 156 (22.4%) 11 (9.4%) 0.001
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deliveries, and 15% had undergone caesarean sections. 
Iatrogenic injury was the primary cause of VVF (76%).

Of the 814 VVF repair patients, 117 were deemed 
repair failures, requiring a second surgical repair. Surgi-
cal failures were more likely to occur in women who were 
younger at time of initial repair (age 50 vs 53, p = 0.046), 
who were from rural settings (23% vs 15%, p = 0.026), 
who had been diagnosed with a cervical/vaginal malig-
nancy (13% vs 6%, p = 0.01), and who had undergone 
a prior gynecological surgery (83% vs 66%, p < 0.001). 
Those undergoing a secondary repair were more likely to 
have had the cause of their VVF attributed to iatrogenic 
injury (88% vs 74%, p < 0.001) (Table 1).

Repair, surgeon, and cost characteristics

These characteristics are presented in Table 2. Most patients 
had a trans-vaginal repair (66%). The surgeon undertaking 
the VVF repair was more likely to be a urologist (59%), with 
a mean of 16 years in practice. 17% of VVF repairs were 
done by an OBGYN. Mean number of fistula repairs for the 
surgeon was 1.3 in the year prior to patient repair. Healthcare 
utilization 1 year following surgery included a mean of 6.8 
visits to family physician, 3.2 visits to a urologist, 1.6 visits 
to an OBGYN, and 1.2 visits to an emergency room.

Patients who underwent re-repair were less likely to have 
had an intra-abdominal VVF repair (15% vs 32%, p < 0.001). 

Table 2  Repair, surgeon, and cost characteristics of VVF repair and re-repair patient cohort

Bolded values represent significant p values
No. number, NR not reportable due to small sample size in one of the three groups), SD standard deviation, IQR interquartile range, ED emer-
gency department. Other = anesthesia, general practice, general surgery, otolaryngology, plastic surgery, thoracic surgery, and unknown

Factors Overall Primary VVF repair Requiring second 
VVF repair

P value

N = 814 N = 697 N = 117

Index Repair variables, No. (%)
 Intra-abdominal 238 (29.2%) 220 (31.6%) 18 (15.4%)  < 0.001
 Trans-vaginal 539 (66.2%) 456 (65.4%) 83 (70.9%)
 Endoscopic NR NR NR
 Laparoscopic NR NR NR

Surgeon specialty, No. (%)
 Urologist 479 (58.8%) 402 (57.7%) 77 (65.8%) 0.036
 Obstetrician/gynecologist 140 (17.2%) 117 (16.8%) 23 (19.7%)
 Other* 195 (24.0%) 178 (25.5%) 17 (14.5%)
 Surgeon # of years in practice
  Mean (SD) 15.59 ± 8.76 15.98 ± 8.74 13.33 ± 8.54 0.003
  Median (IQR) 17 (7–22) 17 (8–22) 14 (5–20) 0.004

 Volume of fistula repair in last year
  Mean (SD) 1.28 ± 2.23 1.29 ± 2.29 1.25 ± 1.84 0.856
  Median (IQR) 0 (0–2) 0 (0–2) 0 (0–2) 0.388

Health care utilization
 Visits to ED from index date to 1 year
  Mean (SD) 1.24 ± 2.05 1.17 ± 1.93 1.64 ± 2.63 0.022
  Median (IQR) 1 (0–2) 0 (0–2) 1 (0–2) 0.017

 Visits to a family physician from index date to 1 year
  Mean (SD) 6.78 ± 9.06 6.64 ± 9.03 7.65 ± 9.27 0.263
  Median (IQR) 5 (2–8) 5 (2–8) 5 (3–9) 0.043

 Urologist visits from index date to 1 year
  Mean (SD) 3.19 ± 3.46 2.52 ± 2.67 7.21 ± 4.70  < 0.001
  Median (IQR) 3 (0–4) 2 (0–4) 7 (4–10)  < 0.001

 Obstetrician/gynecologist visits from index date to 1 year
  Mean (SD) 1.56 ± 2.40 1.38 ± 1.87 2.63 ± 4.27  < 0.001
  Median (IQR) 0 (0–2) 1 (0–2) 0 (0–4) 0.528
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66% were done by urology, 20% by obstetrics and gyne-
cology (OBGYN) and 15% by “other,” (p = 0.036). Those 
undergoing re-repair had a surgeon with a lower number of 
years in practice (mean 13 years, median 14 years, vs mean 
16 years, median 17 years, p = 0.003, 0.004). They had more 
emergency department visits, visits to a family physician, a 
urologist, and to an OBGYN (Table 2).

Primary analysis

Multi-variable cox proportional hazards model was con-
ducted to examine factors associated with VVF re-repair 
and represented in Table 3. Predictors of VVF re-repair were 
iatrogenic injury as etiology of VVF (HR 2.13, 95% confi-
dence interval, CI 1.28–3.50, p = 0.0094) compared to those 
without iatrogenic injury, or endoscopic treatment as initial 
repair (HR 6.05, 95% CI 3.07–11.1), p < 0.05). Protective 
factors included having a combined intra-abdominal/trans-
vaginal repair surgical approach to VVF repair (HR 0.51, 
95% CI 0.30–0.83, p = 0.009). Total number of physician 
years in practice was protective, where having 21 + years’ 
experience predicted the patient was half as likely to require 
a re-repair (HR 0.53, 95% CI 0.31–0.89, p = 0.0162), com-
pared to those with 1–5 years of experience.

Secondary analysis

The rate of VVF repair over time was analyzed using inter-
rupted time series analysis. No significant decrease in VVF 
repairs over time were found (Fig. 1a). When analysing 
annual VVF repair rate per 100,000 Ontario women, the 
annual number of VVF repair significantly decreased by 0.14 
per 100,00 Ontario women each year from 2005 to 2009, 

and insignificantly decreased from 2009 to 2018 (Fig. 1b). 
However, when age-standardized to the 2001 Ontario female 
population, no significant decrease was found (Fig. 1c). In 
the adjusted annual rate of re-repair of VVF two regression 
lines are seen, though neither show significant decrease over 
time (Fig. 1d).

Discussion

There is a lack of large-scale studies examining VVF re-
operation rates and its success. Our large population-based 
study found a 14% re-repair rate over 13 years, with no sig-
nificant decrease in re-repair rates over time. Flynn et al. 
reported that 42% of their patients failed first time fistula 
repair, and 12% failed two or more repairs. However, this 
study was undertaken at a tertiary referral centre, where a 
high rate of prior repair failure is expected [8]. A recent 
meta-analysis identified 23 VVF series that reported surgi-
cal outcomes, with an overall surgical failure rate of 13% (of 
2–32%)—reviewing a total of 4737 patients [11]. This is in 
keeping with our findings.

Risk factors for VVF repair failure are not widely 
reported outside of the obstetrical trauma literature. Yang 
et al. reported a case–control study of 60 patients, with 15 
unsuccessful VVF repairs. They found fistula size ≥ 1 cm 
and repeat trans-vaginal repair predicted VVF repair failure 
[12]. Zhou et al. reviewed 139 VVF repairs and found fis-
tula number, size, and peri-fistula fibrosis predicted repair 
failure [13]. Zaghbib et al. reviewed 132 patients who under-
went VVF repair, finding vaginal fibrosis, fistula at the trig-
one, > 1 cm diameter, and “complex and complicated fistula” 
predicted repair failure [14].

Table 3  Multi-variate cox-proportional hazard model for VVF re-repair

Bolded values represent significant p values

Predictor Unadjusted HR (95% CI) P value Adjusted HR (95% CI) P value

Age at index date 0.98 (0.96–1.00) 0.0249 0.99 (0.97–1.00) 0.0640
Rural location of patient residence 1.40 (0.83–2.32) 0.1928 1.31 (0.83–2.01) 0.2223
Baseline etiology of fistula: Iatrogenic injury 2.12 (1.17–4.10) 0.0177 2.13 (1.28–3.50) 0.0094
Baseline malignancy diagnosis 1.07 (0.60–1.850 0.8212 1.44 (0.94–2.18) 0.0875
Baseline GUF surgical approach
 Trans-vaginal REF REF
 Intra-abdominal 0.46 (0.26–0.79) 0.0058 0.51 (0.30–0.83) 0.0091
 Endoscopic 9.49 (4.22–20.7) P < 0.05 6.05 (3.07–11.1) p < 0.05

Physician’s years in practice
 1–5 years REF REF
 6–10 years 0.88 (0.46–1.363) 0.6797 0.79 (0.44–1.39) 0.4301
 11–15 years 0.53 (0.24–1.10) 0.0980 0.49 (0.24–1.04) 0.0583
 16–20 years 0.61 (0.26–1.48) 0.2748 0.65 (0.37–1.12) 0.1231
 21 + years 0.64 (0.25–1.65) 0.3478 0.53 (0.31–0.89) 0.0050
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In this study, which did not examine specific surgical find-
ings, risk factors for secondary repair were iatrogenic injury 
as VVF etiology, and endoscopic treatment (fulguration or 
fibrin glue) as repair. It is not surprising that endoscopic 
repair was a risk factor for repair failure. This approach is 
often used for elderly patients attempting to avoid invasive 
surgery, or as a first resort with the knowledge that defini-
tive repair may become necessary. Review of the literature 
revealed minimal data on endoscopic treatment for VVF, 
with failure rates of 1/3, 1/5 and 1/1 [15–17]. Iatrogenic 
injury as VVF etiology was twice as likely to result in the 
need for VVF re-repair, as compared to malignancy, obstetri-
cal trauma, endometriosis, radiation, and other. This finding 
is difficult to explain, as one might expect the aforemen-
tioned etiologies to result in poor tissue healing following 
initial repair. We theorize that this finding may be due to 
unknown factors not accounted for in this study – perhaps 
anatomic location or size of VVF, or time from diagnosis 
to repair.

Protective factors found included combined intra-abdomi-
nal/trans-vaginal repair and physician years in practice. Spe-
cifically, an intra-abdominal approach decreased the risk of a 
re-repair by 50%. We suspect this is due to the nature of the 

fistula itself, and less so the surgical approach. Location of 
fistula is often the determining factor in surgical approach, 
which we did not capture in our study.

Physician years in practice was associated with a 
decreased risk of VVF re-repair. Index repairs by surgeons 
with 21 + years of practice compared to those with 1–5 years 
of practice were half as likely to result in re-repair. In the 
literature, whether surgeon experience improves outcomes 
and complication rates has been mixed. Papageorge et al. 
completed a SEER meta-analysis on 2,450 patients undergo-
ing pancreaticoduodenectomy and found that while hospital 
volume affected outcomes, surgeon volume did not [18]. A 
large patient database study of 27,714 patients undergoing 
laparoscopic Roux-en-Y gastric bypass found no associa-
tion between surgeon experience and patient outcomes [19]. 
However, Patel et al. examined 642 patients undergoing cer-
vical fusion, and found increased surgical volume was asso-
ciated with decreased operative complications [20].

We examined changes to repair rates over time and found 
a significant decrease in repair rates of annual VVF repair 
per 100,000 women, by 0.14 each year from 2005 to 2009. 
From 2009 onward this rate continued to decrease, but not 
significantly. When age-standardized this decrease was 

Fig. 1  a Interrupted Time Series model: VVF annual repair rate 
over time. b VVF annual repair rate over time per 100,000 Ontario 
women. c VVF annual repair rate over time per 100,000 Ontario 

women age standardized to the 2001 Ontario female population. d 
Adjusted VVF annual re-repair rate over time among baseline VVF 
patients
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not found. Over our 13-year study period the rate of VVF 
repairs and re-repairs did not change year to year. This may 
be due to lack of surgical advances in VVF repair, specifi-
cally robot-assisted repair, which have not become common 
place in Canada. Robotic-assisted VVF repair has become 
popular in other countries and may represent an opportunity 
for improved repair rates. A prospective study of 73 patients 
undergoing robot-assisted VVF repair were analyzed, with 
only two patients requiring re-repair (3%) [21]. Other recent 
studies have shown similar failure rates, with three studies 
reporting a 0% fistula recurrence, and one study report a 7% 
recurrence rate [22–25].

Limitations to our study include the use of re-repair as 
a surrogate for overall surgical failure. We did not capture 
the overall rate of fistula repair failure, only those patients 
who went on to have a second surgery. It is possible that 
some patients had recurrence but elected not to proceed with 
repeat repair or had repeat repair outside of Ontario or out-
side of the study period. Other limitations include the data 
we were able to collect; as this was a large population-based 
database study we did not collect data on individual surgical 
findings, such as size of fistula, number of fistulae, location 
of fistula, or operative complications, which are likely to 
play a role in the risk of fistula recurrence. For all studies 
using administrative databases, there is a risk of misclas-
sification. In this study, the use of OHIP billing to identify 
fistula repair has not been validated, and billing practices are 
up to the discretion of the individual surgeon.

Conclusions

VVF repair and re-repair rates have remained constant 
between 2005 and 2018 in Ontario, Canada, with a 14% 
re-repair rate. Iatrogenic injury and VVF repair done endo-
scopically were predictors of repair failure, while protective 
factors included combined intra-abdominal/trans-vaginal 
repair surgical approach to VVF repair, and surgeon years 
in practice. This suggests surgeon experience may protect 
against the need for a second VVF surgery.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00345- 024- 04812-w.
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analyzed at ICES. Individual informed consent was waived owing to 
the anonymous, aggregated nature of the data.
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