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Abstract
Background In bariatric surgery patients, urinary tract infections (UTIs) are one of the most common postoperative infections. In
this study, we sought to determine if preoperative patient factors and perioperative processes contribute to an increased risk of UTI.
Methods A retrospective analysis was performed of patients who underwent bariatric surgery at a single institution between
March 2012 and May 2016. Standard protocol was antibiotic prophylaxis with cefazolin. Patients with a penicillin allergy
received clindamycin. Urinary catheters were placed selectively. A univariate and multivariate analyses were performed to
determine risk factors for patients who developed a UTI within 30 days postoperatively.
Results Six hundred ninety-four patients (82.7% female) underwent bariatric surgery in the study interval. UTIs were more
common in females (4.9 vs. 1.7%, p = 0.12). On univariate analysis age, operative time, length of stay, urinary catheter place-
ment, clindamycin prophylaxis, and revisional surgery were significantly correlated with UTI. A multivariate logistic regression
model revealed the risk of UTI increased 5.38-fold [95% confidence interval (CI) 2.41–12.05] with clindamycin use, 6.37-fold
[95% CI 2.22–18.18] with revision surgery, and 1.25-fold [95% CI 1.05–1.49] for every 5 years gained in age.
Conclusions Older age, clindamycin prophylaxis, and revisional procedures are significantly associated with an increased rate of
UTI following bariatric surgery. Several identified variables are modifiable risk factors and targets for a quality improvement
initiative to decrease the rate of UTI in bariatric surgery patients.
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Introduction

Urinary tract infections (UTIs) are common, representing up
to 40% of all nosocomial infections impacting 1.7 million
patients annually [1]. Previous studies have demonstrated that
up to 80% of UTIs are catheter-associated (CAUTI) and an
average CAUTI event results in direct and indirect costs of
$676 and $2386, respectively [2, 3]. In patients undergoing
surgery at an American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) hospital, UTIs

account for 16.9% of all post-discharge complications in bar-
iatric surgery patients [4].

Our institution participates in the Metabolic and Bariatric
Surgery Accreditation and Quality Improvement Program
(MBSAQIP). In 2015, we received a semiannual report that
identified our institution as a high outlier for Ball occurrence
morbidity^ following both sleeve gastrectomy and laparo-
scopic gastric bypass. Analysis determined that greater than
50% of recorded postoperative morbidities were UTIs. We
sought to identify modifiable risk factors for UTI that could
be addressed in an effort to decrease the rate of this postoper-
ative morbidity.

Materials and Methods

Subjects were identified from our institution’s MBSAQIP da-
tabase. Variables not available in the MBSAQIP database
were captured from the electronic medical record. All patients
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included had undergone a primary or revisional bariatric sur-
gery between March 2012 and May 2016 at a single academic
medical center. The occurrence of a UTI within 30 days of
bariatric surgery was the primary outcome, defined as an in-
fection in the urinary tract (kidneys, ureters, bladder, or ure-
thra). Patients were diagnosed with a UTI if their urine culture
had > 100,000 colony-forming units per milliliter (cfu/mL)
with two or fewer species of organisms and at least one of
the following criteria: fever (> 100.4 ° F), urgency, frequency,
dysuria, suprapubic tenderness, or costovertebral angle pain or
tenderness. A patient that complained of two or more of the
above symptoms who was started on antimicrobial therapy
prior to attaining a culture was also considered to have had a
UTI.

Demographic information, comorbidities, preoperative
medications, perioperative events, and perioperative compli-
cation data were collected. The results of microbiologic data
from urine cultures were recorded. The standard of care for
patients included in this analysis included preoperative antibi-
otic prophylaxis with cefazolin, except in the instance of a
penicillin allergy in which case clindamycin was administered
most often. Urinary catheters were placed selectively, usually
when a long operative time was anticipated and especially for
revisional cases. Postoperative urine cultures were obtained
when patients complained of symptoms consistent with a
UTI or as part of an evaluation for fever.

The following variables were compared between patients
with and without a UTI diagnosed within 30 days of surgery:
sex, age, body mass index (BMI), diabetes, history of urinary
condition (defined as any condition affecting the urinary tract
noted as a chronic problem), length of hospital stay, operating
room time, urinary catheter use, duration catheter was in place
if used, preoperative antibiotic prophylaxis, and the bariatric
procedure performed. A linear transformation on age was per-
formed by dividing each patients’ age by five to create inter-
pretable intervals.

All statistical analyses were performed using SPSS, version
21 (IBMCorp.). Categorical variables were analyzedwith chi-
square and Fisher’s exact tests, whereas continuous variables
were analyzed using independent samples t tests or, when data
was non-parametric, Mann-Whitney U tests. Predictive vari-
ables in univariate analysis were input into multivariate logic
regression models in a stepwise fashion. A stratified analysis
was also performed on females due to the low number of
observed UTIs in males. All analyses were two-sided and p-
values of < 0.05 were considered significant. Our institutional
review board approved this study.

Results

In total, 694 bariatric surgery patients met inclusion criteria.
The study cohort included 574 females (82.7%) and 120

males (17.3%). Thirty patients (4.3%) were diagnosed with a
postoperative UTI, of which there were 28 females (4.9%) and
two males (1.7%). A summary of patient demographic infor-
mation is displayed in Table 1. The mean age of the study
cohort was 44.9 ± 11.7 years and the mean BMI was 46.8 ±
8.2 kg/m2. UTIs were diagnosed an average of 13.1 ±
10.3 days after surgery. In total, 92.3% of pathogens causing
UTI were gram negative, with 62.5% growing E. coli. Primary
pathogens that resulted in the diagnosis of postoperative UTI
for the purposes of this study are illustrated in Fig. 1. Of the 28
UTIs in females, 20 had a positive urine culture with >
100,000 cfu/mL, three patients were treated for symptoms
without a culture, two had symptoms and were treated despite
a contaminated urine culture, and three patients had UTI
symptoms and were treated with an antibiotic and a urine
culture that grew < 100,000 cfu/mL of a solitary pathogen.

Age, operating room time, length of stay, urinary catheter
placement, clindamycin antibiotic prophylaxis, and bariatric
revision procedures were significantly associated with the de-
velopment of a UTI (p ≤ 0.05) on univariate analysis (Table 1).
Multivariate logistic regression revealed clindamycin as pre-
operative prophylaxis (p ≤ 0.0001), bariatric revisions (p =
0.001), and increased age (p = 0.012) were statistically signif-
icant in predicting the development of UTIs. Specifically, the
risk of developing a UTI increased 5.38-fold with clindamycin
use (95% CI 2.41–12.05), 6.37-fold with bariatric revision
procedures (95% CI 2.22–18.18), and 1.25-fold for every
5 years advanced in age (95% CI 1.05–1.49) (Table 2).
Multicollinearity was observed between urinary catheter use,
operating room time, and revision procedures (Table 3), likely
due to the longer operating time for bariatric revision proce-
dures and routine placement of a urinary catheter in these
patients. Due to the issue of multicollinearity, urinary catheter
placement and operating room time were not included in the
final model.

Discussion

We identified an opportunity for improvement in our bariatric
surgery program based on the results of our risk adjusted
semiannual MBSAQIP report. This retrospective review over
the past several years revealed that urinary catheter use, longer
operative time, revision procedures, and use of a prophylactic
antibiotic other than a cephalosporin were significantly asso-
ciated with UTI following laparoscopic bariatric surgery.

The association between the use of urinary catheters and
UTI is well described. Catheters allow pathogens direct access
to the urinary tract [5, 6]. A crystalline biofilm has been dem-
onstrated to form on the indwelling catheter itself [7]. Being
highly resistant to the innate and adaptive immune system, the
biofilm continues to seed the urine with bacteria and increases
resistance to both antibiotics and the patient’s immune
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response. E.coli is the primary causative agent in over 90% of
ambulatory patients diagnosed with a UTI and approximately
50% of nosocomial CAUTIs [8]. CAUTIs, however, do not

always present similarly to traditional UTIs. A recent analysis
revealed that more than 90% of catheterized patients with
100,000 cfu/mL of bacteria who did not have another

Table 1 Univariate analysis of
factors related to UTI Variable Study cohort

n = 574

UTI

n = 28 (4.9%)

No UTI

n = 546 (95.1%)

p value

Patient Factors

Age (years)—mean ± standard deviation 44.9 ± 11.7 50.8 ± 10.9 44.6 ± 11.7 0.007†*

Body mass index (kg/m2) 46.8 ± 8.2 48.2 ± 10.0 46.7 ± 8.1 0.43†

Diabetes—n (%) 180 (31.4) 10 (35.7) 170 (31.1) 0.61‡

History of urinary conditiona 56 (9.8) 6 (21.4) 50 (9.2) 0.10‡

Prior urinary tract infection 62 (10.8) 5 (17.9) 57 (10.4) 0.22‡

Perioperative factors

Length of stay (days) 1.7 ± 1.2 2.4 ± 1.8 1.7 ± 1.1 0.04Δ*

Operating room time (minutes) 149.2 ± 58.4 183.6 ± 68.9 147.5 ± 57.3 0.01†*

Urinary catheter 276 (48.1) 20 (71.4) 256 (46.9) 0.01‡*

Urinary catheter placed more than once 8 (1.4) 2 (7.1) 6 (1.1) 0.05Ω*

Urinary catheter time (hours) 22.2 ± 15.4 28.6 ± 32.9 21.7 ± 13.1 0.64Δ

Urinary catheter removal day 1.0 ± 0.7 1.3 ± 1.4 1.0 ± 0.6 0.43Δ

Day 0b (n, % of catheterized patients) 37 (13.4) 3 (15.0) 33 (12.9) –

Day 1 224 (81.5) 14 (70.0) 210 (82.4) –

Day 2 11 (4.0) 2 (10.0) 9 (3.5) –

Day 3 1 (0.4) 0 (0) 1 (0.4) –

Day 4 1 (0.4) 0 (0) 1 (0.4) –

Day 7 2 (0.7) 1 (5.0) 1 (0.4) –

Preoperative clindamycin 123 (21.4) 16 (57.1) 107 (19.6) < 0.0001‡*

Revision surgery 32 (5.6) 6 (21.4) 26 (4.8) 0.003Ω*

aAny condition affecting the urinary tract noted as a chronic problem
bNumber of days from operation date or date of insertion on the hospital floor

*Statistically significant (p ≤ 0.05)
†t test

‡χ2 test

Ω Fisher’s exact test

Δ Mann-Whitney U test

Fig. 1 Primary pathogens
causing UTI after bariatric
surgery
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confounding site of infection in addition to the urinary tract
were asymptomatic [9]. Patients with urinary catheters in
place longer than 2 days have been shown to be twice as likely
to develop a UTI when compared to patients with catheteriza-
tion of 2 days or less [10]. Our study did not demonstrate that
the duration of catheterization was associated with UTI. As a
quality intervention, we have designed a workflow where our
patients void immediately prior to going to the operating room
for their bariatric surgery and a catheter is avoided when pos-
sible. We now only place urinary catheters in patients with an
anticipated case duration of > 4 h. In our practice, these
prolonged operative times are limited to patients undergoing
complex reoperative procedures.

In addition to urinary catheter use, risk factors for UTI
identified in previous studies include age [5], longer operative
times [11], longer duration of hospital stay [12], and even BMI
[13]. We found that the administration of clindamycin as pro-
phylaxis was associated with a significantly increased rate of
UTI. These UTIs were mostly from gram-negative organisms.
While the primary intent of preoperative antibiotics is to de-
crease surgical site infections, we found that there was a no-
table association between the antibiotic class and incidence of
UTI. Cefazolin covers many gram-positive and some gram-
negative bacteria, whereas clindamycin covers primarily
gram-positive bacteria. Since E. coli is both a gram-negative
bacteria and is the most common cause of urinary tract infec-
tions, clindamycin monotherapy may leave patients suscepti-
ble to gram-negative organisms [8, 14]. The Joint
Commission has created Surgical Care Improvement Project
(SCIP) guidelines for antibiotic prophylaxis prior to gastrodu-
odenal procedures where the gastrointestinal tract is entered

(as in bariatric surgery) [12]. For the procedures included in
this study, SCIP guidelines recommend prophylaxis with
cefazolin. In patients with penicillin allergies, clindamycin
or vancomycin combined with an aminoglycoside or a fluo-
roquinolone is recommended. Failure to follow SCIP guide-
lines has been demonstrated to be associated with higher rates
of surgical site infection [15], but not with UTI. As a quality
intervention, we have partnered with our pharmacy colleagues
to address these issues. Many patients with a penicillin allergy
noted in their medical record can safely receive a cephalospo-
rin as there is a low incidence of cross reactivity between
penicillin and cephalosporins [16]. Historically, for patients
who have reported an allergic reaction to penicillin that was
administered in the 1970s, the allergen may actually have
been a contaminant in the penicillin preparation [17, 18].
Furthermore, penicillin-specific IgE diminishes over time
and a patient who had an allergic reaction as a child may not
have a reaction as an adult [19]. It is likely that administration
of a cephalosporin is safe for patients with a reported penicillin
allergy with the exception of patients reporting a true anaphy-
lactic reaction. When there is doubt about the extent of the
allergy, testing can be considered prior to surgery. For patients
truly requiring an alternative antibiotic, a combination of
clindamycin and gentamicin provides adequate gram-
negative coverage. This regimen is supported by the SCIP
guidelines and is also affordable with minimal side effects.
As part of our quality improvement initiative, we now more
routinely administer a prophylactic cephalosporin to patients
with a listed penicillin allergy that have not had an anaphylac-
tic reaction. For those who have a true anaphylactic allergy,
we use two antibiotics as described. These decisions are made
in close collaboration with our pharmacy colleagues and anti-
microbial stewardship groups.

As we have paid increasing attention to our UTIs in the
bariatric population, we have come to realize that some pa-
tients meet criteria for a UTI prior to surgery. These infections
are considered to be present at the time of surgery (PATOS),
and for the purposes of our registry are removed from the
numerator and denominator when calculating UTI rates.
Given the changes in process and protocol described including
avoiding urinary catheters and changes to prophylactic antibi-
otic selection as described, our program returned to the medi-
an for all occurrence morbidity and we have not had a UTI
within 30 days of surgery in the past year.

This study has several limitations. This is a single-center
retrospective review of prospectively collected data. Certain
factors that may correlate with UTI could not be attained from
the medical record such as who placed the catheter (medical
students often learn to place catheters on our patients).
Nonetheless, the changes we have made in our protocols in-
cluding avoiding a urinary catheter when feasible, changes in
antibiotic prophylaxis in patients with a reported penicillin
allergy, and increased awareness of the possibility a UTI

Table 2 Multivariate analysis of post-bariatric surgery urinary tract in-
fection predictors

Variable Odds ratio 95% Confidence
interval

p value

Preoperative
clindamycin

5.38 2.41–12.05 < 0.0001

Revision surgery 6.37 2.22–18.18 0.001

Age 1.25 1.05–1.49 0.012

Odds ratio and 95% confidence interval for age expressed as 5 year
increments

Table 3 Pearson correlation (p value) for multivariate analysis of risk
factors for UTI

Indwelling urinary
catheter

Revision
procedure

OR time

Indwelling urinary
catheter

– 0.147 (< 0.01) 0.616 (< 0.01)

Revision procedure 0.147 (< 0.01) – 0.193 (< 0.01)

OR time 0.616 (< 0.01) 0.193 (< 0.01) –
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may be present at the time of surgery have led to improved
outcomes for our patients. UTIs are a potential complication
of bariatric surgery, and focused perioperative interventions
can minimize the incidence of this event.
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