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Abstract
Introduction and hypothesis The objective of this study is
to estimate efficacy of prophylactic antibiotics in UTI
prevention during CISC for postoperative voiding dysfunc-
tion after prolapse/incontinence surgery.
Methods We constructed a decision tree model to evaluate
risks and benefits of prophylactic antibiotics during CISC
for voiding dysfunction after prolapse/incontinence surgery.
The model randomized women requiring CISC to prophy-
lactic antibiotics or no prophylaxis. Probabilities for UTI
after CISC with or without prophylactic antibiotics,
sequelae from antibiotic use or UTI, and utility values
were obtained from published literature and practice quality
assurance reviews. Main outcome was probability of
experiencing no UTI or adverse event.
Results Under baseline assumptions, prophylactic antibiotics
were favored in both models. In the true UTI model, pro-
phylactic antibiotics had an 83.1% probability of no UTI or
adverse events; 16.1% better than no prophylactic antibiotics.
Conclusions Using decision analysis methods, prophylactic
antibiotics are favored for prevention of UTI during CISC

to manage voiding dysfunction after prolapse/incontinence
surgery.
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Introduction

Urinary tract infection (UTI) is the most common compli-
cation following surgery for pelvic organ prolapse (POP)
and urinary incontinence (UI). Reported rates of postoper-
ative UTI range from 32% to 48% in a recent randomized
controlled trial of two anti-incontinence procedures and an
analysis of Medicare patients after mid-urethral sling
procedures [1, 2]. The high rate of UTI after urogenital
tract surgery may not be surprising given the frequent
instrumentation of the urinary tract intraoperatively and
postoperatively, primarily bladder catheterization during
and after surgery and cystoscopy.

Studies suggest that the most significant risk for
development of a postoperative UTI is bladder catheteriza-
tion. Most patients undergoing surgery for POP or UI have
an indwelling catheter for some period after surgery.
Systemic perioperative antibiotics are protective against
development of a postoperative UTI in patients who have
their foley catheter removed within 24 h of surgery [3].
Typically, patients will undergo a voiding trial after POP/UI
surgery to rule out incomplete bladder emptying or urinary
retention. Patients who “fail” the voiding trial require
assisted urinary bladder drainage by one of the following
methods: a transurethral catheter, a suprapubic catheter, or a
clean intermittent self-catheterization (CISC). In the SISTEr
trial of Burch procedure versus pubovaginal sling for

Int Urogynecol J (2009) 20:933–938
DOI 10.1007/s00192-009-0885-y

G. Sutkin : J. L. Lowder (*)
Division of Urogynecology, Department of Obstetrics,
Gynecology, and Reproductive Sciences,
Magee-Womens Hospital,
University of Pittsburgh-School of Medicine,
300 Halket Street,
Pittsburgh, PA 15213, USA
e-mail: jlowder@mail.magee.edu

K. J. Smith
Section of Decision Sciences and Clinical Systems Modeling,
Department of Internal Medicine,
University of Pittsburgh-School of Medicine,
Pittsburgh, PA, USA



treatment of incontinence, catheter use for postoperative
incomplete bladder emptying increased risk of UTI over
twofold [1].

Efficacy of prophylactic antibiotics administered to
patients performing CISC after surgery for POP/UI to
prevent UTI is unknown. Numerous studies have examined
efficacy of prophylactic antibiotics in adults with spinal
cord injuries [4–7] and children with neurogenic bladders
yielding mixed results [8–10]. To date, no randomized
clinical trial of prophylactic antibiotics to prevent UTI
during CISC for voiding dysfunction after surgery for POP/
UI has been performed.

The objective of this study was to model prophylactic
antibiotics versus no antibiotics for prevention of UTI
during CISC for voiding dysfunction after POP/UI surgery

using decision analysis modeling. We sought to determine
the predicted treatment strategy based on estimates from
published literature prior to conducting a randomized
clinical trial of this clinical scenario.

Materials and methods

We used standard decision analysis software (TreeAge Pro
Suite 2008, TreeAge Software, Williamston, MA, USA) to
construct a decision tree model to evaluate risks and
benefits of prophylactic antibiotic use during CISC for
voiding dysfunction after POP/UI surgery in women. Our
base-case analysis took the patient perspective and assessed
“harm” versus “no harm” from sequelae of antibiotic use

Fig. 1 A schematic diagram of the decision tree model demonstrating decision and chance nodes with branches of outcomes after antibiotic
prophylaxis or no prophylaxis in a woman performing CISC after surgery for prolapse or urinary incontinence
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and development of UTI in the first 6 weeks postopera-
tively. We assessed two clinical scenarios of postoperative
UTI diagnosis in models that we named: (1) UTI model—
diagnosis of UTI reported in the literature was based on a
urine culture (typically defined as a single organism with
106 colony-forming units) and (2) Bacteriuria model—
diagnosis of UTI was based on symptoms or an urinalysis
suspicious of a UTI (leukocyte esterase “+” and/or nitrite
“+”) only. In addition, we performed a utilities-based model
using both clinical scenarios. This study received Institu-
tional Review Board approval as an exempt study. We had
no external funding for this study.

The model

A schematic diagram of the decision tree model is shown in
Fig. 1. We defined our hypothetical study population as
adult women performing CISC for voiding dysfunction
after POP/UI surgery. “Subjects” were randomized to
prophylactic antibiotics versus no antibiotics if they failed
their voiding trial after POP/UI surgery and required CISC.
Our model assumed nitrofurantoin as first line prophylactic
antibiotic and sulfamethoxazole/trimethoprim for any sub-
ject unable to take nitrofurantoin. The first branch of the
decision tree was randomization for prophylactic antibiotics

versus no prophylactic antibiotics. The second branch was
the chance of developing a UTI. The subsequent branches
account for the possibilities of developing complications
both from prophylactic antibiotic exposure as well as from
developing a UTI. The last tier of the tree addressed
resolution (recovery or death) from possible complications.
Each branch point represents a binary outcome (Yes/No) in
all models (probability and utility-based models).

Assumptions

The main simplifying assumption of the UTI model was
that subjects would present with UTI symptoms, have a
urine culture performed, and be treated based on culture
results. In the Bacteriuria model, we assumed that subjects
would be treated either by symptoms or by simple
urinalysis suggestive of a UTI (“positive” leukocyte
esterase and “positive” nitrites). In both models, we
assumed that the course of events occurred in a linear
fashion and there were no recurrences of UTI in the 6-week
postoperative period. We also made assumptions that the
“resolution” branch of complications occurred completely
ending either in full recovery or death. We did not account
for long-term disability states that could develop from these
complications.

Parameter Baseline value Range Reference

Upper Lower

Probabilities

UTI-No Prophylactic Abx 0.33 0.2 0.5 [20, 22, 28–32]

UTI-Prophylactic Abx 0.16 0.11 0.19 [20, 22, 28–32]

Upper UTI 0.027 0.01 0.05 [33]

Urosepsis after Upper UTI 0.001 0.0001 0.01 [33]

Allergic Rxn after Abx 0.01 0.001 0.1 [33]

Anaphylaxis after Abx 0.01 0.001 0.1 [33]

C. difficile after prophylactic Abx 0.001 0.0001 0.01 [33]

C. difficile after treatment Abx 0.01 0.001 0.05 [33]

Death after anaphylaxis from Abx 0.1 0.001 0.1 [33]

Death due to C. difficile 0.001 0.0001 0.01 [33]

Death due to DHS reaction 0.0001 0.00001 0.001 [33]

Death due to urosepsis 0.1 0.01 0.5 [33]

Utilities

No adverse event 1 [11, 12]a

Death 0 [11, 12]a

Resolution of DHS 0.84 [11, 12]a

Resolution of anaphylaxis 0.72 [11, 12]a

Resolution of C. difficile 0.84 [11, 12]a

Resolution of upper UTI 0.84 [11, 12]a

Resolution of urosepsis 0.72 [11, 12]a

Table 1 Parameter values used
in the model

a Adapted from reference

Abx antibiotics, DHS delayed
hypersensitivity reaction
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Parameter values

Probabilities and utilities are listed in Table 1. Probabilities for
UTI were obtained from published literature and an internal
quality assurance review from our clinical practice. Proba-
bility values used for complications were either obtained
from the published literature or estimated by author
consensus. Utilities are represented on a scale from 0 to 1
and were obtained and adapted from Gold et al. [11]. The
utility for “no adverse event” was 1.0 and “death” was 0.
Utility values for recovery from complications were obtained
and adapted from Gold et al. Table 2 “Health State Values
Derived for the Health and Activity Limitation Index” (p 782)
[11]. This table is originally derived from Erickson et al. [12]
and lists utility values for self-rated health categories of
“Excellent,” “Very Good,” “Good,” “Fair,” and “Poor” by role
limitation categories of “No Limitation,” “Limited, other,”
“Limited, major,” “Unable, major,” “Limited, IADL,” and
“Limited, ADL.” We assumed that our population was of
“Good” health and that the role limitation was estimated by
author consensus for the severity of the complication sustained.

Sensitivity analysis

All parameters were varied through ranges listed in Table 1.
Both one- and two-way sensitivity analyses were per-
formed. This analysis was performed for both clinical
scenarios (UTI and Bacteriuria) and for both “harm” vs.
“no harm” and utility-based models.

Results

Results of both clinical scenarios (UTI and Bacteriuria) and
both model types (“harm” vs. “no harm” and utility-based
models) were similar and only results of the “harm” vs. “no
harm” model will be presented. Under baseline assumptions,
prophylactic antibiotics were favored in both models and
clinical scenarios. In the UTI model, prophylactic antibiotics
were associated with an 83.1% probability of no UTI or
adverse events, 16.1% better than no prophylactic antibiotics.
Prophylactic antibiotics were favored unless the probability of
UTI without prophylaxis was <17% (base 33%) or probability
with prophylaxis was >32% (base 16%). Using two-way
sensitivity analysis for these two parameters, prophylaxis was
favored unless the absolute risk of UTI was decreased <1% by
prophylaxis (Fig. 2). Results were not sensitive to variation
of antibiotic adverse events within clinically plausible
ranges. Similar findings were seen in the Bacteriuria scenario
as well as utilities-based models.

We calculated a number needed to treat (NNT) to
estimate the effectiveness of prophylactic antibiotics during
clean intermittent self-catheterization based on the results of

this model. The NNT estimates how many patients would
need to be treated to prevent one bad additional outcome.
From this model, seven patients would need to be treated
with prophylactic antibiotics to prevent one additional bad
outcome in the model.

Next, we ran the model with the utility value for lower
UTI (Lower UTI)=1; treating this event as clinically
“trivial.” A variable with a utility value of 1 will not have
an effect on utility model outcomes. If lower UTI is treated
as a “trivial” event, then the “No Prophylaxis” arm would
be only slightly favored (No Prophylactic Antibiotics=
0.985 vs. Prophylactic Antibiotics=0.983). We believe that
lower UTI is not a trivial event and can lead to significant
pain and discomfort as well as lead to serious systemic
illness.

Discussion

The most important finding of this study is that use of
prophylactic antibiotics in women performing CISC for
voiding dysfunction after POP/UI was favored for the
prevention of UTI in a decision analysis model. Since a
randomized clinical trial of prophylactic antibiotics for this
scenario has not been performed, decision analysis model-

Fig. 2 A two-way sensitivity analysis of Prophylactic Antibiotics vs.
No Prophylactic Antibiotics. Two-way sensitivity analysis of the
probability of UTI with antibiotic prophylaxis and no antibiotic
prophylaxis in the UTI /“harm” vs. “no harm” model. The area of the
diamond pattern indicates the probabilities over which the strategy of
antibiotic prophylaxis is favored; the area of the square pattern shows
the probabilities when the strategy of no antibiotic prophylaxis is
favored. As long as the probability of UTI with antibiotic prophylaxis
is at least 1% greater than probability of UTI without antibiotic
prophylaxis, antibiotic prophylaxis is favored
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ing allows us to estimate the outcomes of a trial based on
reported occurrences of events such as UTI or complica-
tions. Sensitivity analysis allows us to evaluate the model
through all clinically plausible ranges of probabilities,
verifying a robust model and results.

In addition to estimating results of this clinical scenario
from the published literature, we are using this model to
“predict” the outcomes and evaluate the value of a clinical
trial of prophylactic antibiotics in our population of POP/UI
surgical patients prior to actually performing the study.
Decision analysis modeling can help us detect particular
issues or potential complications to be aware of prior to the
actual clinical study. From this model, we believe that
complications from prophylactic antibiotics will not be a
limiting factor in evaluating true clinical usefulness of
antibiotics in this scenario.

As mentioned, UTI is the most common complication
following surgery for POP/UI. With rates reported between
32–48%, it makes clinical sense to evaluate treatment
strategies to prevent development of UTI, especially in an
at risk population due to required catheter use [1, 2]. UTI
can cause both minor bothersome symptoms such as
dysuria and frequency as well as serious sequelae such as
pyelonephritis and septicemia. It has been estimated that
bacteriuria can progress to UTI in 25% of cases and
bacteremia in 1–4% [13]. Catheter-related infections carry
an almost threefold risk of mortality even when controlling
for comorbid conditions [14]. Prevention of UTI in patients
performing CISC would significantly reduce morbidity and
potentially, although rare, mortality.

UTI prevention with use of a catheter is difficult because
indwelling transurethral and suprapubic catheters develop
and extraluminal and intraluminal biofilm, an amalgam-
ation of microbial organisms that produce a surrounding
extracellular matrix consisting primarily of polysaccharide
materials [15, 16]. It is likely that catheters used for CISC
develop a similar biofilm over the course of use. While
CISC catheters are not continuously indwelling, they are
typically used multiple times a day and up to 1 week
before disposal. Antimicrobials are often unsuccessful in
eradicating this biofilm because the extracellular matrix
resists diffusion of the drug [15, 16]. The biofilm can
spread to the bladder surface and can grow thick enough to
obstruct the lumen on the catheter [15]. It is standard of
care to teach the patient “clean” and family members
“sterile” technique for performing catheterization to
prevent bacterial inoculation. Other preventative measures
that are often used include acidification of the urine and
the use of silver-coated catheters.

Perioperative intravenous antibiotics have been shown to
be beneficial in reducing catheter-associated bacteriruia [17–
19] and preventing symptomatic UTI in catheterized patients
within the first 24 h after abdominal hysterectomy [20].

However, daily oral prophylactic antibiotic use for preven-
tion of catheter-associated UTI is very controversial [21],
and the prolonged use of prophylactic antibiotics in
catheterized patients carries both potential risks and benefits.
Gribble et al. found that sulfamethoxazole/trimethoprim
(SMX/TMP) decreased bacteriuria and UTI rates in patients
performing CISC [4]. However, Mohler et al. found no
difference in bacteriuria or UTI rates between patients
performing CISC and randomized to either SMX/TMP
versus placebo [5]. Duffy et al. compared nitrofurantoin
prophylaxis with placebo in a double-blind crossover study
and found a decrease in development of bacteriuria but no
effect on UTI [6]. In a POP/UI surgical population, Rogers et
al. found that nitrofurantoin reduced the incidence of both
symptomatic UTI and positive urine cultures in women with
a suprapubic catheter placed intraoperatively for manage-
ment of postoperative voiding dysfunction [22].

Nitrofurantoin is generally a well-tolerated, relatively
inexpensive, and effective antibiotic, which makes it a good
candidate for a prophylactic agent. The most common
adverse reactions are nausea, headache, and flatulence [23].
Rare serious reactions such as chronic pulmonary reactions,
hepatic injury, and peripheral neuropathy can occur in
patients on long-term (typically >6 months) nitrofurantoin
therapy [23, 24]. Potential hypersensitivity or allergic
reactions to nitrofurantoin include rash, angioedema, and
anaphylaxis, all of which can be severe [23–25].

There are several limitations to our study. Decision
analyses are useful in guiding clinical decisions when there
is a paucity of good clinical information. Decision analytic
models are based on parameter estimates obtained from the
medical literature or, in the absence of evidence, estimated
within reasonable clinical bounds. The results of a model
could be questioned as unreliable if key elements cannot be
estimated by robust evidence. Sensitivity analyses are very
valuable in identifying variables of key interest if they
influence the results of the model. Conversely, sensitivity
analyses can provide reassurance that the probabilities, even
in only estimated by consensus, do not affect the results of the
model. In our model, the key variables identified through
sensitivity analyses were derived from the medical literature
and parameter estimates derived by consensus did not have an
effect on the results of the model. Overuse of antibiotics is a
ubiquitous problem, and it has been estimated that 75% of the
western world’s use of antimicrobials may be unnecessary
[26]. Recommendations have been made to substantially
decrease the use of unnecessary antibiotics [27]. Because
antibiotic resistance and antibiotic-associated morbidity and
mortality are realities; we believe prophylactic use of
antibiotics should be based on medical evidence. In the
absence of, or prior to, the results of clinical trials, medical
decision analysis methods allow us to support our clinical
decisions based on available evidence.
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