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Abstract

Introduction and hypothesis The purpose of this study is to
describe risk factors for post-operative urinary tract infec-
tion (UTI) the first year after stress urinary incontinence
surgery.

Methods Multivariable logistic regression analyses were
performed on data from 1,252 women randomized in two
surgical trials, Stress Incontinence Surgical Treatment Effica-
cy trial (SISTEr) and Trial Of Mid-Urethral Slings (TOMUS).
Results Baseline recurrent UTI (rUTI; >3 in 12 months)
increased the risk of UTI in the first 6 weeks in both study
populations, as did sling procedure and self-catheterization in
SISTEr, and bladder perforation in TOMUS. Baseline rUTI,
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UTI in the first 6 weeks, and PVR>100 cc at 12 months were
independent risk factors for UTI between 6 weeks and
12 months in the SISTEr population. Few (2.3-2.4%) had
post-operative rUTI, precluding multivariable analysis. In
women with pre-operative rUTI, successful surgery (negative
cough stress test) at 1 year did not appear to decrease the risk
of persistent rUTI.

Conclusions Pre-operative rUTI is the strongest risk factor
for post-operative UTI.
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Introduction

Urinary tract infections (UTIs) are common in women and
result in considerable individual and societal burden [1].
Risk factors for UTIs have been investigated predominantly
in young and postmenopausal women. Little scientific
investigation has been undertaken to delineate risk factors
in surgical cohorts despite the fact that approximately one
third of women are diagnosed with UTI after stress urinary
incontinence surgery [2, 3].

Urinary incontinence (UI) is also common [4, 5]. UI and
UTI are associated in multiple, large, population-based
studies: women with a history of UTI are more likely to
have Ul, and women with UI are at increased risk for UTI
[6-10]. Women with recurrent UTI, generally defined as
three or more UTIs in 1 year, have up to a fivefold risk of
UI and have more severe incontinence than women without
recurrent UTI [11, 12].

Surgical intervention for pelvic floor disorders may
modify the risk of UTIL. Some risks factors for UTIs, such
as prolapse, may improve after surgery. Others, such as
obstruction from an anti-incontinence procedure or exposure
to bladder instrumentation, may predispose to UTL A
common, but unproven, perception is that UI causes recurrent
UTI and that successful stress urinary incontinence (SUI)
surgery can ‘“‘cure” recurrent UTIL.

Given an incomplete understanding of the role of
surgery in modifying the risk of UTIs, or in positively
impacting recurrent UTI, the aims of this study are to
describe, in two cohorts of women undergoing surgery for
SUI, (1) risk factors for UTI in the post-operative period to
6 weeks and in the first post-operative year, (2) risk factors
for recurrent UTIs (=3 in 1 year) in the first post-operative
year, and (3) the association between successful surgical
treatment of patients with SUI and the persistence of
recurrent UTI in women with a pre-operative history of
recurrent UTL

Methods

These analyses used data from two large randomized trials
that compared operations for treatment of female stress
urinary incontinence. The primary outcomes of both trials
have been previously reported [9, 13]. Briefly, the Stress
Incontinence Surgical Treatment Efficacy trial (SISTEr)
randomized 655 women to either fascial sling or Burch
colposuspension; concomitant abdominal surgery was
allowed. The Trial Of Mid-Urethral Slings (TOMUS)
randomized 597 women to one of two synthetic mid-
urethral sling routes, retropubic (RMUS) vs. transobturator
(TMUS); concomitant abdominal surgery was not allowed.
Nearly all women received antibiotic prophylaxis at
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surgery. Participants in both trials were well character-
ized at baseline with regard to demographics, comorbid-
ities, physical examination findings, sexual function, and
continence status.

Both studies recorded baseline recurrent UTI history,
individual UTIs during the first 6 weeks after surgery, and
recurrent UTIs (3 or more) between 6 weeks and 12 months
after surgery; only one trial (SISTEr) recorded each
individual UTI between 6 weeks and 12 months. To
document baseline recurrent UTIs in both studies, the
patient was asked “Have you had more than 3 episodes of a
urinary tract infection, treated with antibiotics, in the past
12 months?” For recurrent UTIs after surgery in TOMUS,
physicians were asked to document if there was evidence
(including patient self-report) of recurrent UTI which was
defined as “presumed UTI with treatment, >3 in | year after
6 week visit.” In SISTEr, physicians were asked to
document if there was evidence (including patient self-
report) of all episodes of cystitis post-surgery. Recurrent
UTI was defined as three or more such episodes between
6 weeks and 12 months post-surgery.

Data on UTI in the first 6 weeks were not provided by
14 women in SISTEr and 9 women in TOMUS; 93 women
in SISTEr and 63 women in TOMUS had no evidence of
UTI before 12 months follow-up, but as they did not
provide complete 1-year data on UTI, they are excluded
from 1-year analyses. Therefore, the analytical samples for
UTI during the first 6 weeks were 641 (SISTEr) and 588
(TOMUS); for recurrent UTI during the first post-operative
year, were 562 (SISTEr) and 534 (TOMUS), and for any
UTI during the first year, 562 (SISTEr only).

We defined successful treatment of SUI as a negative
cough stress test at 300-cc bladder volume 1 year after
surgery, cystocele as anterior wall prolapse at or below the
hymen, and UTI as patient report of symptoms treated at
the providers' discretion with antibiotics.

Most analyses were carried out in parallel for the SISTEr
and TOMUS participants as the trials had different
inclusion and exclusion criteria representing different
populations. For a sub-group analysis of women with pre-
operative recurrent UTIs, we combined data from the two
samples. Frequency distributions with percentages were
reported for categorical variables, and means with standard
deviation (SD) were presented for continuous variables. For
each outcome measure, bivariate analyses of the outcome
with participant characteristics were performed using
logistic regression analysis. Multivariable logistic regres-
sion analysis models were then computed, including all the
covariates that were significantly associated with the
outcome in either trial or were thought to be of clinical
relevance to the outcome. Odds ratios (ORs) with
corresponding 95% confidence intervals (CI) are reported.
Statistical analyses were performed using SAS version 9.2.
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A 5% two-sided significance level was used for all
statistical testings.

Results

The mean ages for the SISTEr and TOMUS samples were
51.9 (SD, 10.3) and 52.9 (SD, 11.0), respectively. Three
hundred twenty-nine women were randomized to Burch, 326
to sling, 298 to RMUS, and 299 to TMUS. At baseline, 30%
of women in each sample were pre-menopausal, and
approximately one third were on systemic hormone therapy.
Seven percent had diabetes mellitus, 14% were current
smokers, and 89% were parous. In the SISTEr sample, 25%,
59%, and 16% had stages 0/1, II, and III/IV pelvic organ
prolapse, respectively. In the TOMUS population, 45%, 47%,
and 8% had stages 0/1, I1, and III/IV prolapse, respectively. At
surgery, 98% received prophylactic intravenous antibiotics. In
the SISTEr group, 58% underwent concomitant surgery, while
in the TOMUS group, 25% did so. In both samples, 3%
sustained a bladder perforation. After surgery, 30 (5%) and 1
(0%) of women in the SISTEr and TOMUS groups,
respectively, had some form of catheterization for more than
6 weeks, and 3% and 1%, respectively, underwent lysis of
suture, sling, or adhesions because of voiding dysfunction.

One year after surgery, 3% had undergone surgical
retreatment for SUI, 74% were sexually active, 6% had a
post-void residual urine (PVR) >100 cc, and 13% had a
cystocele on examination. In the SISTEr sample, 4% used
vaginal estrogen, and 33% used systemic estrogen, while in
the TOMUS sample, 12% used vaginal estrogen and 24%
used systemic estrogen. At 1 year, 12% and 19% of women
in the SISTEr and TOMUS samples, respectively, met the
study criteria for surgical failure.

Eighty-seven women (7%) enrolled in TOMUS (n=42)
and SISTEr (n=45) reported a history of pre-operative
recurrent UTI, as evidenced by three or more UTIs in the
year preceding their study surgery. Women with diabetes
pre-operatively were more likely to report recurrent UTI at
baseline (»p=0.02 in TOMUS and 0.03 in SISTEr); a lower
occupational score was also associated with recurrent UTI
in women in the SISTEr population only. Other baseline
characteristics, including age, race, smoking, hormone
status, prolapse stage, and genital hiatus length were not
associated with baseline recurrent UTL

During the first 6 weeks after surgery, UTI was reported
by 33 of 321 (10%), 78 of 320 (24%), 34 of 293 (12%), and
21 of 295 (7%) women undergoing Burch, fascial sling,
RMUS, and TMUS, respectively. Of women with 1-year
data in SISTEr, 141 of 562 (25%) reported at least one UTI
between 6 weeks and 12 months after surgery. Thirteen
women (2% of women with 1-year data) in both SISTEr
and TOMUS reported three or more UTIs in the year after

surgery. Characteristics of each study population between
6 weeks and 12 months after surgery are shown in Table 2.

The bivariate associations of baseline and surgical
characteristics with UTI in the first 6 weeks after surgery
are summarized in Table 1. Sling surgery (in SISTEr only),
history of recurrent UTI at baseline, advanced prolapse and
bladder perforation (both in TOMUS only), and clean
intermittent self-catheterization (CISC; reported in SISTEr
only) were significantly associated with UTI in the post-
operative period on bivariate analysis. After adjusting for
any variable that was significant in either population, only a
history of recurrent UTI was associated with UTI in the first
6 weeks in both study populations. In addition, in SISTEr,
undergoing a sling (compared to Burch) and CISC
(compared to self-voiding) also increased this risk. In
TOMUS, bladder perforation also increased the risk.

In the SISTEr population, on bivariate analysis, factors
associated with UTI between 6 weeks and 12 months included
history of recurrent UTI at baseline, UTI during the first
6 weeks after surgery, PVR>100 cc at 12 months, catheter-
ization (any type) for >6 weeks after surgery, and surgical
takedown of anti-incontinence procedure (Table 2). After
adjusting for these variables and treatment group, catheter-
ization for >6 weeks was no longer statistically significant,
while the other variables remained significant (Table 3).

Significant bivariate risk factors (p<0.05) for post-op
recurrent UTI varied by study: in SISTEr, risks were pre-
operative POP stages I1I/IV compared to stage II (OR 4.54;
95% CI 1.35, 15.2), PVR>100 cc at 12 months (OR 7.19;
95% CI 1.76, 29.40), surgical relief of bladder neck
obstruction by 12 months (OR 7.50; 1.51, 37.30), and age
(per 10 years, OR 1.78; 1.04, 3.07), and in TOMUS, risks
were pre-operative history of recurrent UTT (OR 12.6; 4.02,
39.8), lack of antibiotic prophylaxis at surgery (OR 11.11;
1.12, 100.0), surgical relief of bladder neck obstruction (OR
10.80; 1.12, 10.40), and higher PVR at 12 months (OR for
every 10 unit 1.09; 95% CI 1.01,1.18). The small number
of women (13 in each study sample) that reported recurrent
UTI post-operatively precluded multivariable analysis.

Of the 87 women with a history of pre-operative
recurrent UTI in both trials, 15 did not complete the 12-
month visit, and 1 received surgical retreatment prior to the
12-month visit, leaving 71 women for analysis of our aim
regarding impact of successful treatment on pre-existing
recurrent UTI. No woman in this sub-sample underwent
surgical relief of bladder neck obstruction, and 4% (3 of 71)
required some type of catheterization (urethral, suprapubic,
or intermittent self-catheterization) for more than 6 weeks.

In this sub-sample of women with pre-operative recur-
rent UTI, 17% (12 of 71) were considered surgical
treatment failures at 12 months. Eleven percent (8 of 71)
reported recurrent UTI during the first post-operative year.
Twenty-five percent (3 of 12) of women classified as a
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surgical failure at 1 year had recurrent UTI post-operatively
compared to 8% (5 of 59) of women with successful
surgical results; after adjusting for age and treatment
assignment, this was not statistically significant (OR 2.69,
95% CI 0.38, 19.1). In women with persistent recurrent
UTI post-operatively, mean age (SD) was 64.4 (11.4)years,
compared to 52.4 (10.6) in women without recurrent UTI
(»=0.01; OR 1.14, 95% CI 1.03, 1.26, controlling for
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Zr 200 |5 FE after UI/POP surgery [15]. As we did not systematically
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Table 2 Bivariate associations of participant characteristics with any UTI between 6 weeks and 12 months post-surgery: SISTEr

Any UTI in 6 weeks to 12 months

Total (n=562) Yes (n=151) No (n=411) p value OR

Treatment 0.12

Burch 269 64 (42%) 205 (50%)

Sling 293 87 (58%) 206 (50%) 1.35 (0.93,1.97)
Baseline characteristics
Age, years, mean (SD) 562 52.5 (10.6) 52.4 (9.8) 0.88 1.01 (0.84-1.22)*
Systemic hormone therapy use 0.07

No 203 66 (44%) 137 (33%)

Yes 196 47 (31%) 149 (36%) 0.65 (0.42,1.02)

Pre-menopausal 162 37 (25%) 125 (30%) 0.61 (0.38,0.98)
Diabetes 0.50

No 524 139 (92%) 385(94%)

Yes 38 12 (8%) 26 (6%) 1.28 (0.63,2.60)
Smoking status 0.55
Never smoked 311 79 (52%) 232 (56%)

Formerly smoking 181 54 (36%) 127 31%) 1.25 (0.83,1.88)

Currently smoking 70 18 (12%) 52 (13%) 1.02 (0.56,1.84)
Prolapse stage 0.68

Stage 0/1 130 37 (25%) 93 (23%)

Stage 11 338 92 (61%) 246 (60%) 0.94 (0.60,1.47)

Stage II/IV 94 22 (15%) 72 (18%) 0.77 (0.42,1.41)
Pre-op GH, mean (SD) 561 3.7 (1.1) 3.6 (1.3) 0.6 1.04 (0.90,1.21)
Vaginal deliveries 0.74

No 52 15 (10%) 37 (9%)

Yes 510 136 (90%) 374 (91%) 0.90 (0.48,1.69)
Occupational scores, mean (SD) 549 54.9 (25.3) 57.9 24.4) 0.20 1.00 (0.99,1.00)
Recurrent UTIs at baseline 0.006
No 523 133 (88%) 390 (95%)

Yes 39 18 (12%) 21 (5%) 2.51 (1.30,4.86)
Surgical characteristics
Concomitant surgery 0.52
No 232 59 (39%) 173 (42%)

Yes 330 92 (61%) 238 (58%) 1.13 (0.77,1.66)
Bladder perforation 0.18
No 545 144 (95%) 401 (98%)

Yes 17 7 (5%) 10 (2%) 1.95 (0.73,5.22)
Antibiotic prophylaxis at surgery 0.20
No 14 6 (4%) 8 (2%)

Yes 527 142 (96%) 385 (98%) 0.49 (0.17,1.44)
Follow-up characteristics
Voiding management at discharge to 6 weeks 0.09

Self-voiding only 264 64 (42%) 200 (49%)

CISC 130 45 (30%) 85 (21%) 1.65 (1.05,2.62)
Indwelling catheter only 163 42 (28%) 121 (30%) 1.08 (0.69,1.70)
UTI in the first 6 weeks 0.001
No 447 107 (71%) 340 (84%)

Yes 111 44 (29%) 67 (16%) 2.09 (1.35,3.23)
Sexual activity 0.52
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Table 2 (continued)

Any UTI in 6weeks to 12months

Total (n=562) Yes (n=151) No (n=411) p value OR
No 137 38 (28%) 99 (25%)
Yes 389 97 (72%) 292 (75%) 0.87 (0.56,1.34)
Stress test failure 0.84
Missing 38 19 19
No 466 118 (89%) 348 (89%)
Yes 58 14 (11%) 44 (11%) 0.94 (0.50,1.77)
Surgical retreatment for SUI 0.14
No 538 136 (96%) 402 (99%)
Yes 11 5 (4%) 6 (1%) 2.46 (0.74,8.20)
Cystocele 0.69
No 461 114 (88%) 347 (89%)
Yes 59 16 (12%) 43 (11%) 1.13 (0.61,2.09)
PVR>100 at 12 months 0.02
No 460 108 (88%) 352 (96%)
Yes 30 15 (12%) 15 (4%) 3.26 (1.54,6.88)
PVR at 12 months, mean (SD) 509 40.2 (48.6) 30.97 (41.3) 0.007 1.06 (1.02—-1.11)*
Catheterization use >6 weeks 0.02
No 534 138 (91%) 396 (96%)
Yes 28 13 (9%) 15 (4%) 2.49 (1.15,5.36)
Surgical takedown 0.002
No 547 141 (93%) 406 (99%)
Yes 15 10 (7%) 5 (1%) 5.76 (1.94,17.1)
Systemic estrogen use 0.18
No 362 104 (69%) 258 (63%)
Yes 200 47 31%) 153 (37%) 0.76 (0.51,1.13)
Vaginal estrogen use 0.05
No 540 141 (93%) 399 (97%)
Yes 22 10 (7%) 12 3%) 2.36 (1.00,5.58)

#OR was based on 10 per unit change

collect detailed information about prophylactic antibiotic
use in women catheterizing after surgery, our study cannot
contribute to this dearth of information. Despite similarly
low rates of bladder perforation in the two trials (3%),
bladder perforation was a risk factor for having a UTI in the
first 6 weeks post-operatively in TOMUS, but not in
SISTEr. This may be related to post-perforation treatment
patterns, including catheter duration or antibiotic use. The
low numbers of women with a bladder perforation and a
UTI in SISTEr and TOMUS (4 and 5 women, respectively)
limit our ability to explore this further. Intraoperative
bladder perforation did not increase the risk of a UTI in
the 6-weeks to 12-month time period in either trial.

PVR greater than 100 ml at 12 months increased the risk
of UTI from 6 weeks to 12 months, a finding also noted in
some, but not other, studies [16, 17]. There is no evidence-
based guidance for instituting CISC to treat an elevated

PVR. Similarly, the role of an elevated PVR in the etiology
of UTI is not well understood. More research is needed in
these areas [18].

We found that age was a risk factor for persistence of
recurrent UTI after surgery, but not for isolated post-
operative UTIs. Most of the research to date about UTI
has focused on young healthy women or older infirm
women; our research suggests that in the population of
largely middle-aged and older women undergoing sur-
gery, age may impact recurrent versus isolated post-
operative UTIs differently.

Strengths of this study include the large number of surgical
patients with a wide range of concomitant surgical procedures,
thus increasing the generalizability of our results. Women
were followed closely, in a standardized fashion. Most
potentially relevant risk factors were measured, and all post-
operative factors were collected prospectively.
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Table 3 Results of multivariable logistic regression models of factors associated with UTIL; OR (95% CI)

Covariates st 6 weeks (SISTEr) Ist 6 weeks (TOMUS) 6 weeks to 12 months (SISTEr)
Treatment

Sling vs Burch 2.54 (1.58, 4.09) N/A 1.03 (0.66, 1.60)
RMUS vs TMUS N/A 0.60 (0.33, 1.11) N/A

Recurrent UTIs at baseline 3.58 (1.74, 7.35) 4.87 (2.22, 10.7) 2.51 (1.16, 5.42)

UTI during 1st 6 weeks N/A N/A 1.90 (1.11, 3.27)
Catheter using >6 weeks N/A N/A 1.48 (0.54, 4.02)

Prolapse stage

Pre-op POP stage 1I vs 0/1

Pre-op POP stage III/IV vs 0/1

Voiding management at discharge to 6 weeks
Continuous catheter vs self-voiding

CISC vs self-voiding

Bladder perforation

PVR >100 cc at 12 months N/A

1.37 (0.77, 2.43)
1.58 (0.78, 3.23)

1.36 (0.78, 2.37)
3.70 (2.20, 6.22)
1.77 (0.52, 6.06)

1.24 (0.66,2.33) -
2.76 (1.13,6.74) -
N/A
0.86 (0.52, 1.42)
1.00 (0.57, 1.76)
4.10 (1.26, 13.3) -
N/A 2.52 (1.14, 5.60)

Note that only recurrent UTI was collected at 12 months for TOMUS, and therefore, 6-week to 12-month results are limited to the SISTEr

population

— indicates that the variable was not significant on univariate analysis and is not included in this model, N/4 not applicable to this model

Some may consider the absence of urine cultures a
limitation of our study. While we used a clinically rational
definition of UTI in a similar way before and after surgery
(as symptoms of bladder infection treated with antibiotics,
regardless of whether a urinalysis or urine culture was
done), patients' recall may over- or underestimate the true
prevalence. Further clouding the issue is the fact that Ul
symptoms (e.g., urgency and frequency or voiding dys-
function) may mimic UTI, especially in this population,
such that a woman with continued incontinence after
surgery may or may not perceive these symptoms to be
due to a UTI. We have no knowledge of the natural
history of UTI in un-operated women with or without
Ul This may be a condition that waxes and wanes over
time. However, the important clinical question is really
whether women with recurrent UTIs perceive their
UTIs to be less common after successful surgery, since
most clinical treatments are initiated without confirma-
tion by urine cultures. Furthermore, the research
definition for UTI is contentious and difficult. Tradi-
tional definitions, using urine cultures as a gold
standard, are problematic, requiring a priori criteria for
which organisms are true uropathogens, and the
appropriate cut-point for colony growth. The urine
culture itself is coming under scrutiny with the advent
of newer bacterial detection techniques, such as poly-
merase chain reaction testing for bacterial products.
Clinicians, however, still rely on patient symptoms,
with or without bacterial cultures, to care for patients.
This primarily symptom-based definition of UTI is
consistent with pharmaceutical literature in which UTI
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is considered present if any term sorting under the
Medical Dictionary for Regulatory Activities high-level
term “UTI” is recorded as an adverse event [19].

Even this large population was underpowered to answer
our aim concerning the association between surgical success
and resolution of pre-operative recurrent UTI. A post hoc
power analysis revealed that, in this sample of 71 women with
recurrent UTIs at baseline (and completed 1 year data), in
order to achieve 80% power, 213 women with pre-operative
recurrent UTIs would be required. If we assume that the rate of
recurrent UTI in women planning surgical management of
SUI is similar to that seen in TOMUS and SISTEr, a
population of over 3,000 women planning surgery would be
needed to adequately evaluate the association between
successful surgery and resolution of recurrent UTIs. Future
meta-analysis of pooled and high-quality data could provide
sufficient power to address this question.

The choice of outcome measure in defining surgical
success is difficult. Because we were most interested in
whether the actual leakage was associated with recurrent
UTTs, rather than bother or quality of life related to leakage,
we chose the standardized cough stress test, a measure
collected the same way in both studies. Our results may
have differed had we used other measures of success.

Clinicians may use our findings to counsel women
considering SUI surgery that the presence of pre-operative
recurrent UTI increases the risk for post-operative UTL
However, the risk of persistent or de novo recurrent UTI is
low and clinically reassuring, and appears similar to the rate
in the general population. Our results suggest that women
questioning whether surgery can “cure” their recurrent
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UTIs can be reassured that, for most women with this
condition, recurrent UTIs abate in the short term (1 year)
after surgery. This may be more likely in women whose
surgeries are successful, but a very large population is
needed to explore this more definitively.

Randomized trials are needed to determine whether
prevention strategies such as post-operative antibiotic
prophylaxis or catheterization type can reduce the high
incidence of post-operative UTL.
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