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Abstract

Introduction and hypothesis The purpose of our study was
to estimate the frequency and risk factors for symptomatic
urinary tract infection (UTI) after surgery for stress urinary
incontinence (SUI) and/or pelvic organ prolapse (POP).
Methods Case-control study of 389 consecutive women
who underwent surgery for POP and/or SUI. Cases were
defined as a symptomatic, culture-confirmed UTI within
6 weeks of surgery. Multivariable logistic regression was
used to determine independent risk factors.

Results Thirty five (9%) women developed a UTI. The risk of
UTI was significantly increased by previous history of multiple
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UTIs (adjusted OR: 3.7, CI 1.4-10.1), increased distance
between the urethra and the anus (adjusted OR: 1.4, CI 1.1-
1.9), and prolonged duration of catheterization (adjusted odds
ratio (OR) for >10 days: 4.2, 95% CI 1.5-11.6); 94.6% of
catheterizing women were prescribed daily nitrofurantoin.
Conclusions UTI is an important postoperative morbidity
after urogynecologic surgery and is common in catheteriz-
ing women despite antibiotic prophylaxis.
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Introduction

Urinary tract infections (UTIs) are the most common
morbidity after surgery for stress urinary incontinence
(SUI) or pelvic organ prolapse (POP) [1, 2]. These
conditions are common in women, with one in nine expected
to pursue surgical treatment by the age of 80 years [3, 4].
The SISTEr trial of Burch vs. autologous sling for treatment
of stress urinary incontinence reported a UTI rate of 48% in
the sling cohort and 32% in the Burch cohort during the first
24 months of follow-up [1]. In a recent analysis of 1,356
sling procedures performed in a Medicare population, 33.6%
of the women developed a UTI within 3 months after
surgery [5]. Forty five percent of older women pursuing
obliterative surgery for advanced prolapse developed a
urinary tract infection within 3 months of surgery [2]. The
reported frequency of this adverse event is alarmingly high
but understandable, given that urogenital tract surgery
involves urinary tract instrumentation from cystoscopy and
transurethral or suprapubic catheters. Most surgical outcome
studies lack a consistent definition of UTI or asymptomatic
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bacteriuria, and empiric treatment, antibiotic administration,
or billing codes often serve as surrogates for the diagnosis. A
research directive from a National Institutes of Health-
sponsored female pelvic floor disorders terminology work-
shop recommended that future research on the surgical
treatment of urinary incontinence include the description of
adverse events such as UTIs [6].

UTIs result in 3.6 million office visits by women
annually [7], require antibiotics that can be expensive, and
can cause adverse events. Their association with systemic
illnesses, such as pyelonephritis and acute respiratory
distress syndrome, emphasizes the magnitude of their
potential morbidity in an aging population. The presence
of a UTI carries an almost threefold risk of mortality in
patients after controlling for comorbid conditions [8].
Targeted strategies to reduce the rate of postoperative UTI
require the identification of modifiable risk factors.

The objective of our study was to estimate the frequency
of symptomatic UTI after surgery for SUI and/or POP and
to explore potential risk factors for development of this
morbidity in a large consecutive case series.

Materials and methods

After obtaining approval from the institutional review board
at the University of Pittsburgh, we conducted a retrospec-
tive chart review of 394 consecutive women who under-
went surgery for POP and/or SUI at Magee-Womens
Hospital (MWH) on a teaching service supervised by five
attending physicians between May 2005 and December
2006. Subjects were excluded if they had a pre-existing
neurogenic bladder. The time interval studied was the first
6 weeks after surgery.

Office and hospital medical records were reviewed for
demographic variables including age, gravidity, parity, body
mass index, race, smoking status, menopausal status,
estrogen use, and sexual activity. Clinical variables extracted
included self-report of liquid or solid fecal incontinence, self-
report of a preoperative history of multiple UTIs, and chronic
use of immune mediating medications. Physical exam
variables included values from a pre-operative Pelvic Organ
Prolapse Quantification (POP-Q) examination, the urethral
anal distance (UAD), which is the distance between the mid-
urethra and the mid-anus (calculated by adding the genital
hiatus and the perineal body measures of the POP-Q exam),
ordinal stage of prolapse, leading edge of prolapse, and the
post-void residual (PVR) urine volume.

Surgical variables included the primary surgeon, indica-
tion for the surgery (POP, SUL or both), the surgical
procedures, the route of surgery (abdominal, vaginal, or
both), type of anesthesia, estimated blood loss, use of
perioperative prophylactic intravenous antibiotics, and the
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need for urethral catheterization at discharge. All women
underwent voiding trials prior to discharge. If their PVR
urine volume exceeded 100 cm® or more than one-third of
their total bladder volume, they were instructed to perform
clean intermittent self-catheterization (CISC). If they
could not master CISC, they were discharged with an
indwelling transurethral Foley catheter. We recorded the
duration and method of post-operative catheterization
(CISC, indwelling transurethral Foley catheter, or Foley
catheter on discharge followed by learning CISC on an
outpatient basis), antibiotic prophylaxis during catheter
use, and any procedure performed to improve post-operative
urinary retention.

Subjects were divided into cases or controls based upon
our definition of UTL. To meet our study’s criteria for a
UTI, a woman had to report irritative voiding symptoms
such as dysuria, worsening urgency, frequency, or nocturia
and have a documented positive urine culture. Urine
cultures were considered positive if they were from a
catheterized specimen with growth of a single organism at
>10°cfu/ml or from a clean catch specimen with growth of
<2 organisms at >10°cfu/ml [9].

Controls were women who did not have the above
symptoms and either had no culture sent or had a negative
culture report on record. An unclassified group included
those women who had a positive urine culture but no
documented urinary symptoms (asymptomatic bacteriuria)
and those who were treated empirically without culture
confirmation of infection (Fig. 1). The most common
reason for sending a culture in a woman without symptoms
was in response to an abnormal urine dip. The charts of the
asymptomatic bacteriuria subjects were independently
reviewed by two investigators to confirm the absence of
any reported urinary symptoms.

In order to better understand the impact of the
unclassified group, preliminary analyses were performed,
comparing them with both the cases and the controls. This
group significantly differed from the other two groups by
numerous variables: age, previous history of multiple UTIs,
UAD, route of surgery, voiding trial results, and duration of
catheter use (data not presented). We concluded that the
unclassified group was a heterogeneous group containing
both unconfirmed cases and controls. Therefore, these
women were excluded from final analyses (Fig. 1).

Differences between cases and controls were evaluated
using Fisher’s exact, Chi-square, Student’s ¢, and Mann—
Whitney U tests, where appropriate. Data was presented as
mean + standard deviation (SD) or median with range for
continuous variables and as frequency (percentage) for
categorical variables. Multivariable logistic regression
modeling was then utilized to determine which factors
were independently associated with the development of a
post-operative UTI. Variables with p values less than 0.1
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Fig. 1 Flow chart showing exclusion of subjects, group assignment,
preliminary analysis of groups, and exclusion of unclassified group

were considered for inclusion and models were developed
using forward stepwise regression based on the likelihood
ratio test statistic. Variables were retained in the model if
the Wald chi-squared test statistic had a p value of 0.05 or
less. Odds ratios (OR) for independent risk factors were
calculated, along with the corresponding 95% confidence
intervals (CI). All statistical analyses were considered
significant at the level of 0.05.

Results

A total of 394 charts were reviewed from women who
underwent corrective surgery for SUI, POP, or both. Five
cases were excluded from analyses due to a pre-existing
diagnosis of neurogenic bladder in two (0.5%), and an
inability to locate complete medical records for three
(0.8%) patients. Of the remaining 389 subjects, reconstruc-
tive or obliterative surgery for prolapse was performed in
149 (38.3%), urinary incontinence surgery in 92 (23.7%),
and 148 (38.0%) women underwent both types of surgery.
One hundred three (26.5%) women underwent concurrent
hysterectomy. The surgical approach was vaginal in 255

(65.6%), open abdominal in 131 (33.7%), and laparoscopic
in 3 (0.8%).

All women received preoperative antibiotics (usually
Cefazolin or Cefotetan). All subjects underwent a post-
operative voiding trial before their discharge from the
hospital. Of the 167 women (42.9%) who failed their
voiding trial, 107 (27.5%) successfully learned CISC, while
44 (11.3%) used an indwelling transurethral Foley catheter.
An additional 16 (4.1%) women were initially discharged
using a Foley catheter and transitioned to self-catheterization
about 1 week after surgery.

Records confirmed that 94.6% of those discharged using a
catheter received a script for prophylactic oral antibiotics
with instructions to take them daily while using the catheter.
Nitrofurantoin 100 mg daily was the most commonly
prescribed prophylactic antibiotic, followed by single-
strength trimethoprim sulfamethoxazole for those with
contraindications. Because of the nearly universal adminis-
tration of prophylactic antibiotics in women who required
assisted bladder drainage, we left this variable out of our
analysis.

Thirty five women (9.0% of the initial 389 subjects) met
our strict definition for a UTI and were counted as cases.
Three hundred and thirty-four (85.9%) without a UTI were
categorized as controls. Twenty (5.1%) were identified as
unclassified and were excluded from the analyses. The most
common organisms isolated from the positive cultures of
our cases included E. coli (n=14), Proteus mirabilis (n=4),
Pseudomonas aeruginosa (n=3), Klebsiella pneumoniae
(n=3), Enterobacter (n=3), and Streptococci (n=3).

Univariate analysis comparing cases (n=35) and controls
(n=334) (Table 1) showed that women with post-operative
UTIs were significantly older, were more likely to use
transvaginal estrogen, were more likely to have a previous
history of multiple UTIs, were more likely to undergo
surgery by vaginal route, and had a longer UAD. Failure to
adequately empty the bladder at the time of discharge from
the hospital and the duration of subsequent use of any type
of transurethral catheter were also highly associated with
the development of a post-operative UTI (Table 2). The
UTI rate was 16.8% for all women who failed their voiding
trial, regardless of method of catheterization, vs 6.0% for
those spontaneously voiding at discharge. The rate of UTI
did not differ significantly between methods of bladder
drainage (transurethral Foley catheter 14.6% vs CISC
12.4%), although the rate was higher (26.7%) in women
who were taught CISC on an outpatient basis about a week
after being discharged with a Foley catheter. This latter
group also employed catheters for the longest duration
(17.2+13.7 days vs 6.0+6.7 days for Foley, 9.4+£9.7 days
for CISC).

There was a trend for cases to report liquid fecal
incontinence more frequently, have a greater perineal body
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Table 1 Selected demographic, medical, and operative characteristics of urinary tract infection cases and controls

Characteristic # (%) UTI cases (n=35)" # (%) Controls (n=334)" P value®
Age (years, mean + SD) 68.3+11.7 62.7+12.2 0.01
Body mass index (kg/m? mean + SD) 28.8+7.8 28.1+£5.2 0.61
Race 0.59

White 34 (97%) 315 (94%)

Non-white 0 10 (3%)

Unknown 1 (3%) 9 (3%)

Gravida (median, range) 3 (0-6) 3 (0-13) 0.60
Parity (median, range) 3 (0-06) 3 (0-13) 0.57
Smoker 0.73

Never 22 (63%) 216 (64%)

Past 10 (29%) 79 (24%)

Current 3 (9%) 40 (12%)
Post-menopausal 31 (89%) 272 (81%) 0.36
Any E2 7 (20%) 73 (22%) >0.99
Transvag E2 5 (14%) 16 (5%) 0.04
Oral E2 1 (3%) 47 (14%) 0.07
Patch E2 1 (3%) 11 (3%) >0.99
Hypertension 19 (54%) 146 (44%) 0.28
Diabetes 2 (6%) 33 (10%) 0.56
Sexually active 12 (35%) 169 (52%) 0.07
History of UTIs 10 (29%) 37 (11%) 0.01
Liquid fecal incontinence 14 (41%) 79 (25%) 0.06
Solid Fecal Incontinence 4 (12%) 37 (12%) >0.99
Pre-operative post-void residual (median, range) 50 (0450) 40 (0-800) 0.21
Urethral anal distance (cm) 7.5+1.9 6.8+1.5 0.02
Surgical category 0.67

POP 16 (46%) 128 (38%)

Ul 7 (20%) 83 (25%)

Both 12 (34%) 123 (37%)
Abdominal or vaginal 0.01

Abdominal 5 (14%) 119 (36%)

Vaginal 30 (86%) 212 (64%)
Anesthesia 0.12

Local/sedation 5 (15%) 55 (17%)

GETA 13 (39%) 176 (55%)

Regional 15 (45%) 91 (28%)
Length of stay (days, mean + SD) 1.8+1.1 1.6+1.1 0.32
Estimated blood loss (ml, median, range) 150 (25-1,500) 150 (10-1,100) 0.98

SD standard deviation

#Some numbers do not add up to total (n=369) because of missing values

® P value from Fisher’s exact, chi-square, Student’s ¢, or Mann—Whitney U test where appropriate

at rest, use oral estrogen supplements less frequently, and
be less sexually active. We found no statistically significant
differences in ordinal stage or leading edge of prolapse.
Multivariable logistic regression modeling confirmed the
risk of UTI to be independently associated with duration of
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catheterization (adjusted odds ratio for >10 days: 4.2, 95%
CI 1.5-11.6), a previous history of multiple UTIs (adjusted
odds ratio: 3.7, 95% CI 1.4-10.1), and a greater distance
between the urethra and the anus (adjusted odds ratio: 1.4,
95% CI 1.1-1.9) (Table 3).
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Table 2 Post-operative voiding ) ) R
factors associated with the Voiding factor # (%) UTI cases (n=35)" # (%) Controls (n=334)" P value
development of a urinary tract
infection after surgery for Failed voiding trial 22 (63%) 131 (39%) 0.011
prolapse and/or stress urinary Catheter 0.016
incontinence Self voiding 13 (37%) 203 (61%)

Foley 6 (17%) 35 (10%)

CISC 12 (34%) 85 (25%)

Foley and CISC 4 (11%) 11 (3%)
a Total catheter days 0.004

Some numbers do not add up to . 0

total (n=369) because of missing None 13 39%) 203 (63%)
values 1-4 3 (9%) 42 (13%)
® P value from Fisher’s exact, chi- 5-9 8 (24%) 45 (14%)
square, chi-square for linear trend 10 or more 9 (27%) 31 (10%)

test where appropriate

Discussion

The overall risk for developing a symptomatic urinary tract
infection within 6 weeks of prolapse or incontinence
surgery in our study was 9.0%. Nearly one in ten women
from this well characterized cohort of consecutive surgeries
met our strict definition of a UTI (bothersome UTI
symptoms plus the presence of a uropathogen on culture).
This is comparable to findings of the SISTEr trial, where
16.7% of study subjects were treated for a UTI’s within
6 weeks of surgery [10].

The risk of developing a post-operative UTI was
significantly increased by incomplete bladder emptying
and transurethral catheterization, despite the use of prophy-
lactic antibiotics. Failure to pass a voiding trial with
resultant catheter use for more than 10 days conferred
more than a fourfold increased risk for a post-operative UTI
in our study. Transient urinary retention after pelvic floor
surgery is common [11] and interferes with the bladder’s
defense against UTIs through mechanical emptying [12].
Potential causes for transient post-operative urinary reten-
tion include vascular denervation, tissue edema, narcotics,
and anesthetics. Catheter use to manage urinary stasis is a
well known risk factor for the development of a UTI [13].
Failure to pass voiding trials after incontinence surgery with

resultant catheter use conferred a 2.2-fold increased risk for
an early post-operative UTI in the SISTEr trial [10].

In our study, 153 of 369 (41.5%) of our case and control
cohorts failed their voiding trials and were discharged with
intermittent or an indwelling urethral catheter. This rate of
transient urinary retention is consistent with other pelvic
surgical cohorts that include outpatient slings [11, 14] and
advanced prolapse repairs [15]. In the absence of normative
data, the determination of when a non-neurologically
impaired surgical patient has “adequately” emptied her
bladder after pelvic surgery is subjective. The PVR range of
75-150 cm’ is commonly used in clinical practice to define
a “passing” voiding trial. This range may be too conserva-
tive for some women being treated for advanced prolapse
who have pre-operative PVRs in the 200-t0o-300-ml range
or those who are discharged the same day of surgery.
Shorter post-operative hospitalization may not provide
enough time to resolve transient urinary retention. To
address this challenge, we attempt to avoid the negative
sequelae of acute urinary retention in the community setting
by teaching our patients CISC when their PVR exceeds the
threshold of 100 ml. It is possible that this conservative
threshold results in more women using catheters than
necessary. Research is needed to determine if PVRs in
excess of 100 ml increases the risk for a UTL

Table 3 Multivariable analysis:

predictors of a urinary tract Adjusted® OR 95% CI P value
infection after surgery for
prolapse and/or stress urinary History of urinary tract infections 3.8 1.4-10.1 0.010
incontinence Duration of catheterization

No catheterization 1.0 Referent

1-4 days 0.8 0.2-3.8 0.786

5-9 days 2.6 0.9-7.3 0.065
OR odds ratio, CI confidence 10+ days 4.2 1.5-11.6 0.006
interval Urethral anal distance 1.4 1.1-1.9 0.007

 Adjusted for all factors shown
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Our findings did not support the theory that CISC
conveys a protective effect against UTIs when compared to
indwelling Foley catheter use [16, 17]. It is possible that the
relatively small number of cases in our study precluded us
from detecting a potential difference between these two
groups. Women performing CISC are routinely instructed
to terminate catheterization as soon as they reach their PVR
goal of less than 100 ml on two consecutive voids. There is
a risk that patients will retain an indwelling Foley longer
than they need due to the practicalities of scheduling a visit
to the office or from a visiting nurse for removal and
voiding reassessment.

Our study did not address the question of whether
replacement of the transurethral Foley vs learning CISC in
the event of a repeat failed voiding trial during the
outpatient follow up visit carries equivalent risk of a UTL

We were unable to review the impact of prophylactic
antibiotics on the risk of UTI in the post op setting of
urethral catheterization for transient urinary retention. Our
study was performed in a practice that routinely administers
antibiotic prophylaxis to women requiring assisted bladder
drainage after surgery and allows each physician to
determine when a urine culture is sent. Nearly all catheter-
izing women received a prescription at discharge. Experts
generally recommend against the routine use of antibiotics
to prevent symptomatic UTI in women with catheter-related
asymptomatic bacteriuria [18-21]. Nitrofurantoin prophy-
laxis was shown to significantly decrease the rate of
symptomatic UTIs in a randomized placebo controlled trial
of women managed with suprapubic catheters for incom-
plete emptying after urogenital surgery (18.9% in the
Nitrofurantoin group) [22]. Our transurethral catheter users
had a UTI rate of 16.8% despite almost universal use of
Nitrofurantoin. For patients with intolerance to Macro-
dantin, we commonly use Bactrim or Keflex. Further
research is needed to explore the adjuvant use of non-
antibiotic prophylaxis measures such as vaginal estrogen,
urine acidifiers, and other nutriceuticals.

Paradoxically, we found that a larger urethral anal
distance enhanced the risk for UTI (adjusted OR 1.4). This
sum of perineal body and genital hiatus measures of the
POP-Q examination enabled us to test the hypothesis that a
shorter distance would facilitate bladder colonization with
enteric flora. Although it might seem counterintuitive that a
greater distance between the source and destination of
enteric urinary pathogens would predispose a woman to a
post-operative UTI, we postulate that a higher UAD is a
proxy for global neuromuscular compromise manifesting as
pelvic and perineal descent [23]. Although the UAD
decreases post-operatively, the global pelvic floor dysfunc-
tion remains, and these women are possibly at risk for
urinary stasis and subsequent UTI development.
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Liquid fecal incontinence approached statistical signifi-
cance in our univariate analysis. Fecal incontinence can
indeed predispose a woman to auto-inoculation of enteric
bacteria into her urine; however, we did not include this
variable into our final multivariable model due to the very
small prevalence in our cohort.

Risk factors for UTI in post-menopausal women without
recent surgery are well known and include vaginal atrophy,
incomplete bladder emptying, catheter use, pelvic floor
prolapse, type I diabetes mellitus, and history of UTIs [13,
24, 25]. Our population’s risk factors were similar, and
many of the variables found to be significant in the
preliminary analyses were linked to advancing age. Trans-
vaginal estrogen is commonly prescribed for the treatment
of atrophy. It is also employed by us in a multimodal
strategy to prevent recurrent urinary tract infections in the
elderly. Additionally, the vaginal route for surgery is
preferentially selected for our older patients because the
morbidity and associated recovery is generally less difficult
than laparotomy. None of these variables were found to be
independent risk factors for a UTI in our analyses.

A strength of this study is that the subjects were selected
consecutively, thus reducing the selection bias. Both
hospital and office charts were reviewed, providing data
for the analysis of numerous patient and procedural
characteristics. There were very few missing data points.
The multiple surgeons and variety of incontinence and
prolapse procedures through both vaginal and abdominal
routes enhances the generalizability of our findings.

Limitations of our study include the intrinsic weak-
nesses of a retrospective study. Patient reports of prior
UTIs are subject to recall bias and liquid fecal inconti-
nence may be underreported due to embarrassment.
Furthermore, some of our patients may have received
treatment for acute UTI symptoms from other health care
sources without notifying us. We consider this unlikely as
it is our practice to schedule women for 2- and 6-week
post-operative visits, during which time they are screened
for UTI symptoms.

In summary, we characterized the risk for UTI in a
population of consecutive women undergoing surgery for
POP and/or SUI. We found the need for post-operative
catheterization and prolonged duration of catheterization,
despite antibiotic prophylaxis, as well as previous history
of multiple UTIs, and an increased distance between the
urethra and the anus to be significant independent risk
factors for the development of symptomatic UTI in the
immediate post-operative period. There is a pressing need
to generate an evidence-based approach to the manage-
ment of transient post-operative urinary retention, as well
as to identify effective UTI prevention strategies in this
population.
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