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Abstract

Introduction and hypothesis Although postoperative urinary tract infections (UTIs) after urogynecologic surgery are a common
adverse event, there is no standardized postoperative time period used to assess this outcome, and the uropathogens unique to this
sub-population of patients have not been well described. Our objective is to describe the timing and uropathogens of postoper-
ative UTI after urogynecologic surgery.

Methods This retrospective study analyzed postoperative UTI occurring within 90 days following urogynecologic procedures
from November 2013 to January 2018 at a single academic institution. Postoperative UTI was defined as any uropathogen growth
from standard urine culture. Continuous variables were compared with independent samples t-test and categorical variables with
chi-square with Bonferonni corrections as appropriate.

Results One hundred and two of 1085 (9.4%) patients experienced UTI; 63.7% occurred within 6 weeks and 78.4% within
8 weeks; 36.3% of UTIs occurred at a time period of 6 weeks to 90 days. Most commonly isolated uropathogens were
Escherichia coli (47.8%) with an additional 11.2% extended-spectrum beta-lactamase (ESBL) Escherichia coli. Other bacteria
included Enterococcus faecalis (10.4%), Klebsiella pneumoniae (9%), and one culture each for ESBL Klebsiella pneumoniae
and vancomycin-resistant (VRE) Enterococcus faecium.

Conclusions More than one third of UTIs after urogynecologic surgery occur between 6 weeks and 90 days postoperatively. A
plateau of UTT incidence occurs at 8 weeks, a time period at which 78.4% of all UTIs were captured. Escherichia coli was the
most commonly isolated uropathogen, and multi-drug-resistant bacteria were implicated in 12.8% of UTIs.
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Introduction

Urinary tract infection (UTI) after urogynecologic surgery is
one of the most common postoperative adverse events, ranging
from 6.4%—31% [1-3]. Surgical teams take steps to reduce this
adverse event, including preoperative testing (most commonly
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by urine dipstick or urinalysis with reflex urine culture), sys-
temic prophylactic antibiotics at the start of surgery, and oral
antibiotic coverage during postoperative catheter use. Despite
these efforts, postoperative UTIs occur and are associated with
increased hospital length of stay and increased patient mortality
[4, 5]. UTIs markedly increase the use of systemic antibiotics,
which contributes to antibiotic resistance, a global problem that
is projected to cost over 10 million lives in 2050 [6]. In addition,
individual patients may face collateral adverse effects.

Most contemporary studies use a 30-day to 6-week post-
operative period to define postoperative UTI [1, 7-13], al-
though the time period for a definition of postoperative UTI
varies, ranging from 3 weeks to 3 months [14—16]. These time
frames may be linked to common postoperative events, for
example, the 30-day postoperative period is frequently used
for documentation of other surgical complications and many
urogynecologic surgeons see their patients for their first post-
operative visit at 6 weeks. It is possible that the rate of
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postoperative UTI may be underestimated in studies that limit
assessments to events occurring between 30 days and 6 weeks.
When the postoperative period is defined as 3 months after
surgery, the UTI rate can increase up to 45% [16].

Although Escherichia coli is the most frequently implicated
uropathogen [9, 17], other uropathogens have less recognition
in the urogynecologic surgical population. To adopt improved
prevention strategies for postoperative UTI, further insights into
both pathogens and the timeline of events are needed.

Our primary objective is to describe the timing of postop-
erative UTI within 90 days after urogynecologic surgery. Our
secondary objectives are to describe the uropathogens in-
volved and to determine if type of surgery affects rates of
postoperative UTL

Materials and methods

This study was approved by the Biomedical Institutional
Review Board at the University of California, San Diego,
Human Research Protections Program. We analyzed UTIs fol-
lowing urogynecologic procedures performed at a single aca-
demic institution from November 2013 to January 2018. The
earliest time point in which data could be accessed from the
electronic medical record (EMR) was November 2013. Data
were extracted from the EMR for all urogynecologic inpatient
surgeries performed by five surgeons, all board-certified in
Female Pelvic Medicine and Reconstructive Surgery.

Surgical characteristics were collected including type of
surgery performed—pelvic organ prolapse (POP) surgery,
stress urinary incontinence (SUI) surgery, both POP and SUI
surgery, bladder onabotulinumtoxinA, or other. Surgery for
POP included sacrocolpopexy, uterosacral ligament suspen-
sion, sacrospinous ligament suspension, colpocleisis,
paravaginal repair, or anterior or posterior colporrhaphy.
Surgery for SUI included mid-urethral sling, pubovaginal
sling, or Burch procedure.

We defined postoperative UTI as a positive urine culture
for any uropathogen growth from a standard urine culture
within 90 days after surgery. Although the culture criterion
of > 100,000 CFUs for UTI diagnosis is traditionally used,
this criterion was developed in the 1950s as a predictor of
those that would develop urosepsis after kidney surgery [18,
19] and therefore was intended for a different patient popula-
tion than this cohort. We chose our definition since a lower
cutoff of > 10*> CFU/ml in the setting of UTI symptoms has
been shown to have a high predictive value for UTI [20, 21].
Non-uropathogenic organisms were excluded from our UTI
definition, including group B Strepfococcus and mixed ure-
thral flora [22]. Additionally, by omitting a presumed diagno-
sis of UTI (such as UTI symptoms treated with an antibiotic)
from our definition, an individual provider’s subjective diag-
nosis of UTI was avoided. Furthermore, urine cultures from
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postoperative patients are not sent routinely in the absence of
symptoms. Multi-drug-resistant (MDR) bacteria was defined
as extended-spectrum beta-lactamase (ESBL) Escherichia
coli, ESBL Klebsiella pneumoniae, and vancomycin-
resistant Enterococcus faecium (VRE).

Variables including species, colony-forming units (CFUs),
and postoperative day of positive urine culture were collected.
Statistical analysis was performed with IBM SPSS© version
24. Continuous variables were compared with independent
samples t-test and categorical variables with chi-square and
Bonferroni corrections as appropriate.

Results

We identified 141 positive urine cultures from 1085 unique sur-
gical encounters during our study period. Seven urine cultures
positive for group B Streptococcus were excluded, resulting in
134 urine cultures available for analysis. Approximately one in
ten patients experienced at least one postoperative UTI [102/
1085 (9.4%)]; some patients experienced more than one event
[24 patients (2.2%) experienced > 1 UTI; 6 patients (0.6%) ex-
perienced >3 UTIs]. Of the six patients that had > 3 UTIs, four
patients experienced a relapsing infection with the same
uropathogen and two patients experienced a combination of a
relapsing infection and reinfection with a different uropathogen.
The colony count was > 100,000 CFUs for the majority (61.9%)
of positive cultures with 24.6% reporting 50,000-100,000 CFUs
and 11.9% reporting 10,000-50,0000 CFUs. Only 1.4% reported
< 5,000 CFUs or none recorded.

The average patient age was 60.6 years, with no difference
between those with a UTI (60.5) and those without (60.6) (p =
0.895) (Table 1). All patients received perioperative intravenous
antibiotic prophylaxis with the vast majority receiving 1-2 g of
Cefazolin, unless otherwise dictated based on allergies or recent
urine culture-resistance profiles. Indication for surgery varied
including POP only (41.4%), SUI only (20.6%), combined
POP and SUI (25.9%), bladder onabotulinumtoxinA (3.3%),
and other (urethral diverticulectomy, transurethral injections,

Table 1 Rates of postoperative UTI based on age and surgery type
Postoperative UTI p value*
Yes No
Age in years (mean, £SD)  60.5 (+13.7)  60.6 (= 12.8)  0.895
Surgery type (1, %) 0.003
POP only 29 (6.5%)
SUI only 13 (5.8%)
POP+SUI 36 (12.8%)

* Chi-square
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anal sphincteroplasty) (8.8%). A complete list of the procedure
types and corresponding UTI rates can be found in Table 2. Of
the surgeries performed for SUI, a vast majority were mid-
urethral slings, with pubovaginal sling and Burch procedure
contributing 2.9% and 0.6%, respectively. Combined POP
and SUI surgery had a significantly higher rate of postoperative
UTI compared with POP or SUT surgery alone (12.8% vs. 6.5%
and 5.8%, respectively) (p = 0.003) (Table 1).

Of the 134 postoperative UTI events, 23.7% occurred in <
2 weeks after surgery, 50% occurred within 30 days, and
63.7% in the first 6 weeks. Over a third (36.3%) occurred
between 6 weeks and 90 days postoperatively; 78.4% of
events occurred within 8 weeks postoperatively, after which
the UTI incidence plateaus (Fig. 1).

Seventeen (12.8%) postoperative UTIs were attributed to
MDR bacteria. The most frequently isolated uropathogen was
Escherichia coli (47.8%), followed by ESBL Escherichia coli
(11.2%). Other uropathogens isolated included Enterococcus

faecalis (10.4%), Klebsiella pneumoniae (9%), Proteus
mirabilis (5.2%), Enterobacter (3%), and one culture each
for ESBL Klebsiella pneumoniae and VRE (Fig. 2).

The six most common uropathogens were relatively evenly
distributed over the postoperative period, with the exception of
ESBL Escherichia coli. The distribution of the 15 ESBL
Escherichia coli cultures was notable for a bimodal pattern—
nine positive cultures were present in the first half of the post-
operative period and six in the second half. Of the six ESBL
Escherichia coli cultures in the second half of the postoperative
period, four cultures were seen in patients that had a preceding
treatment of a non-MDR UTI in the first half (Fig. 3).

Table 2 Procedure type and postoperative UTI rates
Procedure Total performed UTI rate
Prolapse surgery
Sacrocolpopexy 80 2.5%
Uterosacral ligament suspension 213 10.5%
Sacropinous ligament suspension 128 11.7%
Colpocleisis 96 9.4%
Anterior colporrhaphy 309 8.7%
Posterior colporrhaphy 299 6.4%
Paravaginal repair 3 66.7%
Stress urinary incontinence surgery
Mid-urethral sling 467 9.0%
Pubovaginal sling 14 35.7%
Burch 3 66.7%
Other
Bladder onabotulinumtoxinA 36 33.3%
Urethral bulking 79 10.1%
Urethral diverticulectomy 6 83.0%
Anal sphincteroplasty 10 2.5%

Discussion

In this cohort of women undergoing urogynecologic surgery
with an overall low rate of postoperative UTI, > 1/3 of UTIs
occurred later than the first 6 postoperative weeks. We also
found that the incidence of UTI plateaus from approximately
8 weeks to 90 days postoperatively in this cohort. Although
21.6% of UTIs occurred after the 8-week period, given the
plateau and appearance of stabilization of the UTI rate after
this time period, it is possible that this group represents those
patients that progress to frequent or recurrent UTI. This is
especially notable in the group of ESBL Escherichia coli
UTlIs, where a majority of those UTIs diagnosed after 8 weeks
were a patient’s second UTI in the postoperative period. The
positive urine cultures occurring after the 8-week mark may
also represent the cohort’s return to baseline, although we
cannot confirm this microbiologically. Our findings support
the use of a standard definition of postoperative UTI as occur-
ring within 8 weeks in women undergoing urogynecologic
surgery. This definition may help standardize outcomes as-
sessments and inform quality improvement initiatives, leading
to a more evidence-based approach to documentation and pre-
vention of postoperative UTIs.

Consistent with previous studies that used standard urine
culture, Escherichia coli was the most commonly isolated
uropathogen in this cohort [9, 17]. However, previous studies
had not included rates of MDR bacteria. In this study, ESBL
Escherichia coli was the second most commonly isolated
uropathogen, and MDR bacteria comprised 12.8% of all iso-
lates, highlighting the increasing problem with antibiotic re-
sistance. One study of 83 patients undergoing renal transplant
surgery showed that the rate of postoperative ESBL
Escherichia coli UTIs was 16.8% [23]. It was also shown that
the rate of ESBL Escherichia coli UTI increased in patients as
their number of postoperative UTIs diagnosed increased.
Similar findings were seen in our study—2/3 of the ESBL
Escherichia coli UTIs occurring after postoperative week 8
occurred in patients who had preceding treatment of a non-
MDR UTI earlier in the postoperative period. It is possible
that inadequate treatment of a postoperative UTI or simply
exposure to a course of antibiotics leads to subsequent MDR
bacterial infection in subsequent UTIs.

Our finding that combined POP and SUI surgery dou-
bled the postoperative UTI rate compared with POP or
SUIT surgery alone is consistent with the findings of a
randomized controlled trial of 337 women who underwent
POP surgery or combined POP and SUI surgery, with
postoperative UTI rates of 18.3% and 31%, respectively
[3]. Although the UTI rates reported in that study are
almost triple those found in our cohort, we attribute this
to the authors’ expanded UTI definition (positive urinaly-
sis or UTI symptoms resulting in antibiotic treatment).
The UTI rate of combined POP and SUI surgery being
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UTI Distribution by Postoperative Day (N = 134 urine cultures)

Number of UTls

0 10 20 30 40 50 60 70 80 90
Postoperative Day

Fig. 1 Bar graph demonstrating distribution of postoperative UTI based on positive urine cultures over a time period up to 90 days postoperatively;
63.7% of UTIs occur prior to 6 weeks and 78.3% occur prior to 8 weeks. Around week 8 (day 56), there is a plateau in UTI incidence

twice as high as either surgery alone is biologically plau-  episodes of urethral and bladder instrumentation with re-
sible, as combined surgery is likely to have multiple  peat cystourethroscopy.

Uropathogen Culture Frequency (N = 134 urine cultures)

[CJEscherichia coli - 47.8%

MESBL Escherichia coli - 11.2%

[ Enterococcus faecalis - 10.4%
MKlebsiella pneumoniae - 9%
[EProteus mirabilis - 5.2%
MEnterobacter - 3%

[Hother - 11.9%

[CJESBL Klebsiella pneumoniae - 0.9%
M VRE faecium - 0.7%

Fig. 2 Pie chart showing relative frequencies of uropathogens cultured from urine in the postoperative period. Escherichia coli was most commonly
cultured at 47.8%. Multi-drug-resistant bacteria comprised 12.8% of positive urine cultures
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Postoperative Timing of 6 Most Common Uropathogens (N = 105 urine cultures)

Frequency

0 10 20 30 40

Species

M Enterobacter

[ Proteus mirabilis

B Klebsiella pneumoniae
[l Enterococcus faecalis

M Escherichia coli (ESBL)
[JEscherichia coli

50 60 70 80 90

Postoperative Day

Fig. 3 Bar graph demonstrating distribution of the six most common
causative bacteria in postoperative UTI up to a time period of 90 days.
ESBL Escherichia coli UTIs (red) in the second half of the postoperative

There was no difference in the ages of women with and
without postoperative UTI in this cohort. Given the associated
changes in the genitourinary microbiome in menopausal
women causing susceptibility to UTI [24], we expected to
see more older women with postoperative UTI. A large study
of 9022 patients undergoing mid-urethral sling surgery found
that age > 65 years was a risk factor for postoperative UTI
[13]. It is possible that we were underpowered to show this
difference in our study or that there is a distinct or overriding
pathophysiology for postoperative UTI after urogynecologic
surgery, regardless of age.

Limitations include the retrospective nature of this study and
the inherent biases involved with this type of research. Detailed
demographics for this retrospective cohort, such as personal
history/documentation of recurrent UTI and preoperative posi-
tive urine culture, would have allowed us to generate additional
testable hypotheses regarding perioperative UTIs. Our defini-
tion of UTTl—any growth of uropathogen by standard urine
culture—deviates from the traditional requirements of >
100,000 CFUs of uropathogen and thus may have
overestimated UTI compared with other studies that have used
the traditional definition in this patient population.
Simultaneously, our definition was based on urine culture with-
out formal assessment of patient symptoms, which excludes
patients that would have been clinically diagnosed with a UTI
without objective data. The UTI Symptom Assessment ques-
tionnaire (UTISA), a validated symptoms assessment tool for

period were often preceded by treatment of a non-resistant bacterial UTI
in the first half of the postoperative period

UTI, has not been validated for postoperative UTI in this pop-
ulation [25]. Furthermore, it is unlikely that a significant num-
ber of postoperative UTIs in this cohort would be classified as
asymptomatic bacteriuria [26], as urine cultures are not routine-
ly sent in the asymptomatic postoperative patient that is recov-
ering well. Greater than 10% of the procedures included in this
study were for indications other than POP and SUI, and this
minority may represent a different patient population. However,
this cohort was similar in that all had their procedure in an
operating room and not in a clinic setting. Furthermore, given
the numerous different procedures performed for both POP and
SUI, our study population is quite heterogeneous. Nonetheless,
the diversity of procedures is likely representative of a typical
academic urogynecologic patient population.

The strengths of this study include the careful documentation
of UTT timing with detection of postoperative UTI up to 90 days;
the majority of postoperative UTI studies limit the assessment
period to 6 weeks after surgery. Our detailed description of
uropathogenic species highlights previously unappreciated con-
tributions of MDR bacteria to postoperative UTI in the
urogynecologic surgical population. While systemic antibiotics
continue to be the mainstay of perioperative UTI prevention and
postoperative UTI treatment, these drugs also contribute to grow-
ing antibiotic resistance as well. Based on the concerning finding
of such a large fraction of MDR UTIs in this cohort, surgical
teams are encouraged to conduct further research aimed at reduc-
ing the need for postoperative UTI treatment.
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Using an expanded time period of 8 weeks after surgery
can help to more accurately capture the clinically relevant
postoperative UTI events. The time frame of 8 weeks may
be an important clinical marker for resilience of the urobiome
following likely perturbation from surgical events, such as
catheterization and surgical antibiotic prophylaxis. Future
perioperative studies are needed to characterize urobiome
changes to advance effective postoperative UTI prevention
strategies.

Postoperative UTI continues to be a common adverse event
and potentially occurs more frequently than previously docu-
mented in the literature. Surgical teams have implemented
clearly defined measurements and effective prevention strate-
gies for surgical site infection, an event that is fully integrated
as a surgical quality metric. Similarly, surgical teams should
recognize the impact of perioperative UTI, work toward pre-
vention, and raise awareness of postoperative UTI as an addi-
tional, valued quality measure in urogynecologic surgery.
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