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Abstract

Purpose To assess the incidence, risk factors, and clinical outcomes associated with (Clostridioides difficile infection) CDI
following urological surgery, which is the leading cause of nosocomial diarrhea and a growing public health burden.
Methods We queried the National Surgical Quality Improvement Program (NSQIP) to identify patients undergoing urologi-
cal surgery in 2015-2016. We evaluated the 30-day incidence and factors associated with postoperative CDI and 30-day
hospital readmission and length of stay as secondary outcomes. Among the subset of patients undergoing radical cystectomy
with urinary diversion (surgery with highest CDI incidence) we used multivariable logistic regression analysis to evaluate
independent clinical and demographic factors associated with postoperative CDI.

Results We identified 98,463 patients during the study period. The overall 30-day incidence of CDI was 0.31%, but var-
ied considerably across surgery type. The risk of CDI was greatest following radical cystectomy with urinary diversion
(2.72%) compared to all other urologic procedures (0.19%) and was associated with increased risk of hospital readmission
(p <0.0001), re-operation (p <0.0001), and longer mean length of stay (p <0.0001) in this cohort. Among patients under-
going radical cystectomy with urinary diversion, multivariable logistic regression revealed that preoperative renal failure
(OR: 5.30, 95% CI 1.13-24.9, p=0.035) and blood loss requiring transfusion (OR: 1.67, 95% CI 1.15-2.44, p=0.0075)
were independently associated with CDI.

Conclusions In a nationally representative cohort, the incidence of CDI was low but varied substantially across surgery
types. CDI was most common following radical cystectomy and associated with potentially modifiable factors such as blood
transfusion and significantly longer length of stay.
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pseudomembranous colitis, and death [3, 4]. Although there
have been significant advancements in infection prevention,
the incidence of CDI has substantially increased since the
early 2000s with the emergence of a hypervirulent strain
of C. difficile ribotype 027 that releases much higher toxin
levels earlier in the growth phase than other variants [2].

There has been increasing awareness of the impact of
CDI on perioperative outcomes. Several risk factors for CDI
identified in the general surgery literature include use of
broad-spectrum antibiotics, advanced age, and immunosup-
pression [5]. In addition, prior publications have indicated
that CDI is associated with decreased patient reported qual-
ity of life measures, increased hospital length of stay, inten-
sive care unit (ICU) admissions, postoperative emergency
room utilization, and readmissions [4, 6, 7]. In cost analyses,
CDI contributed an additional $21,000 in costs per patient,
resulting in an estimated national burden of $7 billion per
year [8]. Given direct clinical and economic burdens of CDI,
it is increasingly important to understand and address the
issues surrounding CDI prevention.

Nosocomial infections are significant contributors to
adverse patient outcome and increased healthcare expendi-
ture after urological surgery [9]. Yet, little information exists
in the literature regarding the effects of CDI after urologi-
cal surgery. Previous retrospective, single-institution studies
have begun to characterize the risk of CDI after urologic sur-
geries of larger scale, such as radical cystectomy [9]. How-
ever, to our knowledge, no cross-sectional national analyses
have been performed to study this question across the span
of common urological surgeries. Therefore, we aimed to
comprehensively evaluate the incidence, risk factors, and
postoperative complications associated with CDI following
urological surgery using the American College of Surgeons
National Surgical Quality Improvement Project (NSQIP).

Methods
Study population

The American College of Surgeons National Surgical Qual-
ity Improvement Program (NSQIP) was queried to identify
records from 2015 through 2016. NSQIP consolidates clini-
cal data from patients undergoing surgical procedures in the
United States at more than 200 hospitals. The data collected
encompass more than 200 variables, which include pre-oper-
ative, perioperative/intraoperative, postoperative complica-
tions, demographic, comorbidity, and mortality outcomes
30 days after surgery. Surgical staff reviewers at each hos-
pital site curate the data using a standardized protocol and
regularly audit participating sites. Patients were diagnosed
with any of the following diagnostic laboratory tests: stool
culture, glutamate dehydrogenase enzyme immunoassay
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or latex agglutination, PCR assay, stool cytotoxin test, or
enzyme immunoassay for toxins A and B. All patients diag-
nosed with CDI were treated by either oral and/or IV antibi-
otics, fecal enemas, or surgical management for fulminant/
uncontrolled C. diff. colitis.

We included patients who underwent urological surgery
between January 1, 2015 and December 31, 2016, based on
the availability of CDI coding within NSQIP. We used com-
mon procedural terminology (CPT) codes to classify major
procedures (Supplementary Table 1). The primary outcome
of interest was CDI infection as documented within 30-days
of the procedure.

Clinicopathologic and demographic variables including
age, sex, operative time, total length of stay duration, race,
comorbidities (history of bleeding disorder, ascites, conges-
tive heart failure, chronic obstructive pulmonary disease,
diabetes, hypertension, smoking, steroid/immunosuppres-
sant usage), preoperative conditions (renal failure, dialy-
sis, transfusion), sex, American Society of Anesthesiology
(ASA) Class, disseminated cancer status, intraoperative
bleeding requiring transfusion, mortality, 30-day readmis-
sion, and 30-day reoperation records were evaluated. A pre-
planned subgroup analysis was then performed to assess dif-
ferences in clinicopathologic, demographic, and outcome
measurements in patients who received radical cystectomy
due to the high incidence of CDI in this population docu-
mented in the literature [10].

Statistical analysis

We used the chi-square test and Student t-tests to evaluate
differences in demographic and clinicopathologic character-
istics between patients who developed CDI and those who
did not. The Anderson—Darling test was used to verify nor-
mality of distribution. Given the substantially higher inci-
dence of CDI in patients undergoing radical cystectomy,
we constructed multivariable logistic regression models
in forward-step fashion to evaluate independent predictors
of developing postoperative CDI in this patient subset. We
applied a Bonferroni correction to account for multiple com-
parisons. Data analysis was performed using JMP Pro v.11.1
statistical software (SAS Institute Inc., Cary, NC, USA) and
R version 3.5.1.

Results

CDI following urological surgery

Of 98,463 patients undergoing urological surgery within
NSQIP, we identified 306 (0.31%) cases of postoperative

CDI (Table 1). CDI was more common after radical cys-
tectomy with urinary diversion (2.72%) compared to all
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Table 1 Comparison of Demographics and Clinicopathologic Characteristics between Patients with and without C. difficile infection following

urological surgeries

C. difficile No C. difficile p value
306 98,157

Procedure <0.0001
Radical cystectomy 123 (2.72%) 4397 (97.28%)
All other urological procedures 183 (0.19%) 93,760 (99.81%)

ASA class <0.0001
ASA classes 1-2 64 (20.92%) 47,105 (47.99%)
ASA classes 3-5 242 (79.08%) 50,759 (51.71%)
None assigned 0 (0%) 293 (0.3%)

Race 0.2781
American Indian or Alaska native 1(0.33%) 387 (0.39%)
Asian 4 (1.31%) 2516 (2.56%)
Black or African American 19 (6.21%) 7957 (8.11%)
Native Hawaiian or Pacific Islander 3 (0.98%) 371 (0.38%)
Unknown/not reported 59 (19.28%) 19,431 (19.80%)
White 220 (71.90%) 67,495 (68.76%)

Disseminated cancer <0.0001
No 275 (89.87%) 95,510 (97.30%)
Yes 31 (10.13%) 2647 (2.70%)

Functional health status prior to surgery 0.0092
Independent 293 (95.75%) 95,770 (97.57%)
Partially dependent 11 (3.59%) 1451 (1.48%)
Totally dependent 2 (0.65%) 301 (0.31%)
Unknown 0 (0%) 635 (0.65%)

History of ascites 0.0115
No 304 (99.35%) 98,106 (99.95%)
Yes 2 (0.65%) 51 (0.05%)

History of bleeding disorders 0.0007
No 287 (93.79%) 95,627 (97.42%)
Yes 19 (6.21%) 2530 (2.58%)

History of CHF 0.0922
No 301 (98.37%) 97,477 (99.31%)
Yes 5(1.63%) 680 (0.69%)

History of COPD 0.157
No 284 (92.81%) 92,972 (94.72%)
Yes 22 (7.19%) 5185 (5.28%)

History of diabetes 0.1066
No 260 (84.97%) 79,970 (81.47%)
Yes 46 (15.03%) 18,187 (18.53%)

History of hypertension 0.0363
No 118 (38.56%) 43,665 (44.48%)
Yes 188 (61.44%) 54,492 (55.52%)

History of smoking 0.389
No 250 (81.7%) 82,013 (83.55%)
Yes 56 (18.3%) 16,144 (16.45%)

History of steroid/immunosuppressant use for chronic condition 0.0343
No 291 (95.1%) 95,493 (97.29%)
Yes 15 (4.90%) 2664 (2.71%)
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Table 1 (continued)

C. difficile No C. difficile p value
306 98,157

Intraoperative/postoperative bleeding requiring transfusion <0.0001
No complication 215 (70.26%) 93,500 (95.26%)
Transfusions/intraop/postop 91 (29.74%) 4657 (4.74%)

Preoperative dialysis 0.0181
No 298 (97.39%) 97,179 (99.00%)
Yes 8(2.61%) 978 (1.00%)

Preoperative renal failure 0.0008
No 300 (98.04%) 97,828 (99.66%)
Yes 6 (1.96%) 329 (0.34%)

Preoperative systemic sepsis 0.0008
None 294 (96.08%) 97,231 (99.06%)
Sepsis 3 (0.98%) 188 (0.19%)
Septic shock 1(0.33%) 38 (0.04%)
Sirs 8(2.61%) 700 (0.71%)

Preoperative transfusion 0.0832
No 301 (98.37%) 97,496 (99.33%)
Yes 5(1.63%) 661 (0.67%)

Sex <0.0001
Female 85 (27.78%) 18,106 (18.45%)
Male 221 (72.22%) 80,051 (81.55%)

Ventilator dependence 0.007
No 304 (99.35%) 98,117 (99.96%)
Yes 2 (0.65%) 40 (0.04%)

other urological procedures (0.19%) (Fig. 1). Univariate
analysis revealed numerous factors associated with post-
operative CDI including higher ASA class, presence of
disseminated cancer, dependent health status (partially
or totally) prior to surgery, history of ascites, history of
bleeding disorders, hypertension, steroid/immunosuppres-
sant use for chronic conditions, intraoperative/postopera-
tive bleeding requiring transfusion, preoperative dialysis,
preoperative renal failure, preoperative systemic sepsis,
female sex, and ventilator dependence. For patients who
received a radical cystectomy, we did not observe a sta-
tistically significant difference in CDI incidence for those
who had either malignant or benign disease etiology (2.8%
vs. 1.89%, p=0.28). For patients diagnosed with postoper-
ative CDI, mortality was 6.86% compared to 0.62% among
those without CDI.

Multivariable logistic regression revealed that the pres-
ence of disseminated cancer (OR: 2.05, 95% CI 1.38-3.04,
p=0.0003), radical cystectomy with urinary diversion (OR:
8.02,95% CI 6.06-10.6, p <0.0001), higher ASA class sta-
tus (OR: 2.22,95% CI 1.64-3.01, p<0.0001, and intraopera-
tive/postoperative bleeding (OR: 2.16, 95% CI 1.59-2.94,
p<0.0001) were independently associated with postopera-
tive CDI (Table 2).
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Incidence of CDI after radical cystectomy
and urinary diversion

Among patients who underwent radical cystectomy with
urinary diversion, those with postoperative CDI had longer
mean lengths of stay (14.6 vs. 9.4 days, p <0.0001),
however there were no differences in 30-day readmis-
sion (24.4% vs. 20.5%, p=0.302) or re-operation (7.3%
vs. 5.4%, p=0.382). On univariate analysis, CDI after
radical cystectomy was associated with intraoperative/
postoperative bleeding requiring transfusion (52.0% vs.
36.2%, p<0.0001) and female sex (33.3% vs. 24.2%,
p=0.041) (Supplementary Table 2). On multivariable
logistic regression analysis evaluating for determinants of
CDI in patients receiving radical cystectomy, preopera-
tive renal failure (OR: 5.30, 95% CI 1.13-24.9, p =0.035),
intraoperative/postoperative bleeding requiring transfusion
(OR: 1.67,95% CI 1.15-2.44, p=0.0075), and ventilator
dependence (OR: 17.9 (1.69-189, p=0.017) were associ-
ated with the development of postoperative CDI (Supple-
mentary Table 3).
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Fig. 1 Comparison of CDI rates by urological surgery procedures

Discussion

Using national hospital data, we evaluated the incidence,
risk factors, and complications associated with CDI fol-
lowing urological surgery. Compared to previous litera-
ture, we found that the overall incidence of CDI was rela-
tively low across all types of urological surgery; however,
the incidence was more than ten-fold greater following
radical cystectomy with urinary diversion. Moreover, cys-
tectomy was associated with substantially higher incidence
relative to other major oncologic surgeries. Controlling
for surgery type, CDI was associated with both patient
related factors, including female sex, and history of renal
failure, ascites, bleeding disorders, hypertension, steroid/
immunosuppressant use, and systemic sepsis and treatment
related factors such as longer operative time and receipt
of blood transfusion. CDI after radical cystectomy with
urinary diversion was associated with longer length of stay
but not risk for readmission. By offering the largest cross-
sectional evaluation of CDI after urological surgery, this
work provides additional information and external validity
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regarding the scope and potentially modifiable factors
associated with this outcome.

CDlI is well known to be associated with antibiotics use as
well as other host factors that increase risk in the postopera-
tive period [11]. The ‘normal’ human colonic flora offers
protection against C. difficile over growth and, thereby,
opportunistic infection. Use of antibiotics, especially beta-
lactams or clindamycin, disrupts the typical state of the
colonic microbiome and creates a susceptible environment
for CDI, especially in the presence of risk factors [12]. Our
data also reveal that specific clinical conditions were associ-
ated with higher risk of postoperative CDI including higher
ASA class status and higher intraoperative/postoperative
blood loss. Among the subset of patients undergoing radical
cystectomy, risk factors associated with CDI included prior
renal failure, ventilation dependence, and blood transfusions,
a finding which has not yet been demonstrated in the uro-
logical literature [1, 13, 14]. Evidence from mouse models
indicate that antibiotic treatment disrupts the microbiome
of stable murine carriers, leading to development of a spore
shedding state and increased transmission to other mice [15].
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Table 2 Multivariate Logistic
Regression model examining
factors associated with
postoperative CDI
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Variable OR (95% CI) p value
Age 1.02 (1.01-1.03) 0.0417
ASA Class <0.0001
ASA Class 1/2 1.00 (Ref)
ASA Class 3-5 2.22 (1.64-3.01)
Major procedure <0.0001
All other urological procedures 1.00 (Ref)
Radical cystectomy with urinary diversion 8.03 (6.06-10.6)
Disseminated cancer 0.0003
No 1.00 (Ref)
Yes 2.05 (1.39-3.04)
Functional health prior to surgery
Independent 1.00 (Ref)
Partially dependent 1.35 (0.685-2.66) 0.386
Totally dependent 0.822 (0.193-3.50) 0.791
History of ascites 0.0681
No 1.00 (Ref)
Yes 4.21 (0.90-19.7)

History of bleeding disorders 0.0191
No 1.00 (Ref)
Yes 1.79 (1.10-2.91)

History of CHF 0.227
No 1.00 (Ref)
Yes 1.75 (0.705-4.37)

History of COPD 0.667
No 1.00 (Ref)
Yes 0.904 (0.57-1.43)

History of diabetes 0.0064
No 1.00 (Ref)
Yes 0.635 (0.459-0.88)

History of hypertension 0.669
No 1.00 (Ref)
Yes 0.946 (0.736-1.22)

History of smoking 0.941
No 1.00 (Ref)
Yes 0.988 (0.729-1.34)

History of chronic steroid/immunosuppressant usage 0.370
No 1.00 (Ref)
Yes 1.28 (0.749-2.18)

Bleeding requiring transfusion <0.0001
No complication 1.00 (Ref)
Transfusions/Intraop/Post-op 2.16 (1.59-2.94)

Preoperative renal failure 0.0093
No 1.00 (Ref)
Yes 3.28 (1.34-8.04)

Preoperative dialysis 0.3313
No 1.00 (Ref)
Yes 1.45 (0.683-3.09)

Ventilator dependence 0.0146
No 1.00 (Ref)
Yes 6.79 (1.46-31.6)

Sex 0.0148
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Table 2 (continued) Variable OR (95% CI) p value
Male 1.00 (Ref)
Female 1.38 (1.07-1.80)

Stopping antibiotic treatment in mice led to suppression of
C. difficile levels and recovery of the microbiome, which
supports early cessation of prophylactic antibiotic treatment
for all patients particularly those at highest risk. This data
also raise a greater emphasis on modifiable provider inter-
ventions, such as prompt diagnosis with sensitive screening
and subsequent confirmatory tests, handwashing with soap
and water instead of alcohol-based agents, and contact pre-
cautions for at risk individuals.

Other proposed theories include direct effects on gut flora
and antitoxin production that protect hosts against CDI [16].
As renal failure and ventilator dependence are indicative of
serious systemic illness, it is plausible that altered immu-
nological responses could be contributors [17, 18]. Moreo-
ver, blood transfusion may also suppress immunological
responses increasing the risk of CDI [19]. Perioperative
transfusion has been associated with an increased risk of
surgical site infections (SSI), largely due to transfusion-
related immunomodulation. Perioperative blood transfusion
may increase risk of postoperative CDI in a similar manner
by modulating and suppressing the host immune system,
especially circulating lymphocytes, as well as increased
antibiotic exposure from higher incidence of SSI [20].
Thus, efforts such as preoperative control of anemia; the
use of judicious transfusion thresholds; the minimization of
intraoperative blood loss and the use of autologous blood
products should be made to implement measures to avoid
unnecessary transfusions [21].

These findings also suggest that careful considerations
be noted toward interventions to where the risk is greatest,
in particular radical cystectomy with urinary diversion [22].
The current AUA and EUA guidelines recommend perio-
perative antibiotic prophylaxis in cystectomy, which may
encompass a second or third generation cephalosporin in
addition to metronidazole [23, 24]. Given the significant risk
of developing postoperative CDI with the use of prolonged
cephalosporins [25], our findings imply the need for greater
scrutiny when assessing the length of antibiotic use. While
the AUA and EUA guidelines recommend 24 h of antibi-
otic coverage, the American College of Surgeons guide-
lines recommend stopping perioperative antibiotics after
skin closure [26]. This recommendation can be applied in
high risk individuals to reduce the risk of developing post-
operative CDI. In radical cystectomy, the higher incidence
of CDI may be related to the complex nature of the opera-
tion, bowel preparation, prolonged hospitalization, use of
perioperative broader spectrum antibiotics, and intestinal

diversion. Approximately 76% of postoperative CDI in the
United States occur after hospital discharge, and the inci-
dence of CDI may be linked to the observation that slower
growth rates correlate with increased disease severity [27,
28]. Initiatives to reduce CDI rates with judicious antibiotic
use are warranted, and we identified potentially modifiable
factors that were associated with CDI after radical cystec-
tomy including length of operation and blood loss/transfu-
sion. Although we cannot imply a simple causal relationship,
these factors have also been identified in other studies as
associated with surgical site infections and appear to warrant
additional investigation [29].

We found that CDI is independently associated with
other adverse perioperative outcomes, including length of
stay and readmission, which is consistent with previous lit-
erature [30]. Financial analysis of healthcare expenditures
associated with CDI has demonstrated that direct health
care costs and increased length of stay were the main hos-
pital cost drivers.2 Therefore, preventative measures could
reduce national annual hospital-associated costs of CDI,
which now approach 7 billion dollars.8 In addition to direct
financial costs, CDI has been shown to negatively impact
patient-reported health status in regard to physical, mental
and social well-being [2].

In this nationally representative study, we identified
a lower incidence of CDI than reported in smaller single
institutional cohort studies. Among nearly 5000 patients
undergoing cystectomy with urinary diversion, we found
that the incidence of CDI was 2.6%. This rate is lower than
prior studies which reported a rate of 8.8% in a series of
522 patients and 11.7% in a series of 350 patients and may
reflect a more representative national sample [9, 10]. How-
ever, a lower incidence may also relate to methodological
differences in capturing CDI which is limited to 30 days
after surgery within NSQIP. Underreporting of CDI may
also stem from differences in methodology of data abstrac-
tion and breadth of available diagnostic tests. In our cohort,
stool culture, glutamate dehydrogenase enzyme immunoas-
say or latex agglutination, PCR assay, stool cytotoxin test, or
enzyme immunoassay for toxins A and B were all available
modalities; however, they all present with different sensitivi-
ties and specificities, which may contribute to institutional
variations in reported rates. In studies evaluating the quality
of data from NSQIP compared to other national surgical
outcomes databases, NSQIP mortality and complication
rates were lower than comparable databases, which likely
are attributed to how these hospitals systematically monitor
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their surgical outcomes to attenuate complication rates. This
discrepancy in outcome may also be attributed to the pos-
sibility that nurse abstractors exclude complication rates
or mortality rates not directly attributable to a procedure,
which is not true of other databases [31]. These differences
may also relate to the larger sample size, drawing from over
200 institutions which increases diversity of patient and pro-
cedural complexity and reduces variations in local institu-
tions attributed to antibiotic prophylaxis practices, clinical
volume, and patient morbidity. A large number of studies
regarding CDI rates are nonrandomized and as such, selec-
tion bias may contribute to the variability in reported CDI
rates [30]. Given these limitations, our study aims to mini-
mize selection bias by including all NSQIP patients under-
going urological surgery for a two-year period from 2015
to 2016.

Although this is the largest national analysis of postop-
erative CDI after urologic surgery there are several limita-
tions that require attention. Most notably, through the use
of national administrative data, we are unable to account
for antibiotic use, as well as type and dosage, both prior to
surgery and in the perioperative period. Furthermore, infor-
mation regarding the outcome of CDI treatment and a prior
history of CDI were unavailable. As CDI is highly conta-
gious within healthcare delivery systems, we are unable to
incorporate the local incidence rates at the hospital-level
that may further modify postoperative risk. Although the
incidence was greatest after radical cystectomy with urinary
diversion, we were unable to account for effects that may
further alter the host microbiome including the use of neoad-
juvant chemotherapy, type of urinary diversion during radi-
cal cystectomy, mechanical or antibiotic bowel preparations.
Additionally, there are other factors that are not recorded by
NSQIP such as the identity of the surgeon, local antibiotic
resistance or antibiogram, or hand hygiene that may further
modify these outcomes.

Conclusions

The overall incidence of CDI after urological surgery was
low (0.31%) but varied substantially by surgery type and
was highest after radical cystectomy with urinary diversion
(2.72%). postoperative CDI was associated with both patient
factors, including renal failure and aggregate measures of
comorbidity, as well as surgical factors including use of
blood transfusion. CDI was associated with significantly
longer length of stay.
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