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Introduction:  Patients undergoing cystectomy for 
bladder cancer are at an increased risk for Clostridium 
difficile infection (CDI) due to prolonged antibiotics and 
underlying comorbidities.  We aim to evaluate CDI risk 
factors in cystectomy patients.
Materials and methods:  Utilizing National Surgical 
Quality Improvement Program (NSQIP), patients 
undergoing cystectomy with diagnosis of bladder cancer 
between 2015-2017 were included.  Baseline demographics 
including age, sex, comorbidities, and preoperative labs 
were collected.  Univariate and multivariable logistic 
regression were used to evaluate risk factors for and 
complications of CDI during the index hospitalization. 
Results:  There were a total of 6,432 patients included 

in the analysis, with 6,242 (96%) and 190 (4%) in the 
non-CDI vs. CDI groups, respectively.  Patients with 
a diagnosis of postoperative CDI were more likely to be 
female [4.09% vs. 2.71%, p = 0.001] and have lower 
preoperative albumin [3.78 g/dL (0.52) vs. 3.92 g/dL 
(0.48), p = 0.003].  Patients with a history of female sex 
(OR 1.46, p = 0.03), neobladder (OR 1.57, p = 0.01), and 
low preoperative albumin (OR 1.45, p = 0.04) were at 
the highest risk for development of CDI postoperatively.  
Patients with a diagnosis of CDI were more likely to 
experience readmission within 30 days (31.1% vs. 19.2%, 
p < 0.001).
Conclusion:  Utilizing the NSQIP database, we identified 
predictors for development of CDI in cystectomy patients.  
Female sex, continent diversion, and low preoperative 
albumin all significantly increased the rate of CDI.  While 
our findings are retrospective, they are compelling enough 
to warrant further prospective investigation.
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there are an estimated 500,000 cases of CDI per year 
with a mortality of 15,000 to 30,000 annually.2 

Patients with bladder cancer undergoing radical 
cystectomy are colonized with CDI at a much higher 
rate than all comers.  Among all patients being 
admitted to the hospital, an estimated 8% are C. 
difficile carriers, whereas, at the time of cystectomy, 
18.4% of patients carry CDI.3,4  CDI colonization incurs 
a 6 times higher risk of subsequent infection, which 
leads to rates of CDI in cystectomy patients as high 

Introduction

Clostridium difficile infection (CDI) is the most 
common nosocomial infection and represents 10%-20% 
of antibiotic associated diarrhea.1  In the United States, 
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as 1.4%-14%.3,4  Specific risk factors that predispose 
the cystectomy cohort to CDI include preoperative 
antibiotics and chronic PPI use.5,6 

In the post-cystectomy period, CDI can devastate 
patient recovery.  Development of CDI after cystectomy 
is associated with a significant increase in morbidity, 
and up to 12.5% will experience a serious adverse 
event, including ICU admission and additional surgical 
intervention.4,7,8  Furthermore, patients diagnosed with 
perioperative CDI experience a 2.5-fold to 5-fold 
increase in mortality during their hospitalization.4,8.9  
Up to 10% of all post-cystectomy readmission are 
attributable to CDI.6 

We aim to identify predictors for development of 
CDI in patients undergoing radical cystectomy for 
bladder cancer utilizing the NSQIP database and to 
investigate the associations of postoperative CDI with 
patient morbidity. We hypothesize that host dependent 
characteristics and comorbidities significantly 
influence the rate of CDI postoperatively. 

Materials and methods

Study population
The National Surgical Quality Improvement Program 
(NSQIP) database includes over 150 data elements, 
which were collected from 600 hospitals from 2015-
2018.  Patients with diagnosis of open or laparoscopic 
cystectomy as identified by Current Procedural 
Terminology (CPT) codes (51570, 51596, 51595, 50820, 
51597, 51999, 51590, 51575, and 51580) were utilized 
to determine the associated cohort.  In order to restrict 
the cystectomy cohort to patients with the diagnosis 
of bladder malignancy.  Additional International 
Classification of Diseases (ICD)-9 codes (188.x, 233.7, 
and V10.51) and ICD-10 codes (C67.x and Z85.D) 
identified patients with a postoperative diagnosis 
of bladder malignancy.  Patients with incomplete 
demographic or clinical data were excluded (n= 744).  
Our final study population included 6,432 individuals.  
The cohort was further broken down by CDI status 
during their cystectomy index hospitalization. ICD-9 
(008.45) and ICD-10 (A04.72) codes identified patients 
with diagnosis of postoperative CDI (n = 190).  Our 
outcome of interest included identification of risk 
factors for CDI development during hospitalization.  
Secondary analysis evaluated CDI-associated 
complications including: any complication, rate of 
readmission, 30 day mortality, and length of stay. 

Statistical analysis
Descriptive statistics were reported as means 
with standard deviations.  Fisher’s exact test and 

Student t-test were used to compare categorical and 
continuous variables, respectively.  We conducted 
stepwise mixed (backward and forward) multivariable 
logistic regression to determine the candidate 
variables in each model, to calculate odds ratios 
(ORs) and 95% confidence intervals (95% CIs) for the 
association between each potential risk factor and 
CDI infection.  Similarly, we used logistic regression 
models to investigate the association between CDI 
and complications in the immediate recovery period.  
Univariate and multivariable logistic regression 
analyses were used to evaluate whether female sex 
was significantly associated with outcomes of interest.  
The outcomes of interest included preoperative 
characteristics such as type of urinary diversion, sex, 
ASA class, functional health status, and preoperative 
hematocrit and albumin.  Functional health status 
was defined by NSQIP as independent, partially 
dependent, and totally dependent.  All statistical 
analyses were performed using R 3.5. All p values of 
< 0.05 were considered to be statistically significant.

Studies from the NSQIP database are considered 
exempt from approval by the institutional review 
board.

Results

There were a total 6,432 patients included in the 
analysis, with 6,242 (96%) and 190 (4%) in the non-CDI 
and CDI groups, respectively.  Differences in patient 
characteristics were seen in preoperative albumin level 
[3.78 (0.6) vs. 3.9 (0.5) p < 0.001], hematocrit [36.3 (5.4) 
vs. 37.7 (5.7), p = 0.001], and female sex [(23.7) vs. (16.9), 
p = 0.02], Table 1. 

Preoperative predictors of CDI included female sex 
(OR 1.52, p = 0.02), poor/dependent functional health 
status (OR 2.73, p = 0.01) and hematocrit (OR 0.96, p = 0.001)  
on univariate analysis, Table 2.  Upon multivariate 
analysis, preoperative predictors of CDI development 
postoperatively included female sex (OR 1.46, p = 0.03),  
neobladder (OR 1.57, p = 0.01), poor/dependent 
functional health status (OR 2.36, p = 0.03), and 
preoperative hematocrit (OR 0.96, p = 0.004), Table 2. 

After cystectomy, mean time to CDI development 
was 8.7 days (SD ± 5.7 days), Table 1.  Postoperatively, 
patients with CDI were more likely to develop any 
complication (OR 1.66, p = 0.002), including infectious 
(OR 2.65, p < 0.001), respiratory (OR 2.68, p < 0.001), 
and cardiac complications (OR 2.71, p < 0.001), Table 3  
as compared to the non-CDI group on multivariable 
analysis. 

Patients with diagnosis of CDI were more likely to 
experience a prolonged hospitalization, with average 
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TABLE 1.  Patient demographics and clinical characteristics 

 
	 Overall	 No C. diff	 C. diff	 p value
	 (n = 6432)	 (n = 6242)	 (n = 190)

Age (years)	 70 (63, 76)	 70 (63, 76)	 71 (62, 76)	 0.54

Race				    0.02
     White	 4759 (74.0)	 4605 (73.8)	 154 (81.1)	
     Black or African American	 272 (4.2)	 262 (4.2)	 10 (5.3)	
     Other/unknown	 1401 (21.8)	 1375 (22.0)	 26 (13.7)	

Gender: female	 1100 (17.1)	 1055 (16.9)	 45 (23.7)	 0.02

Body mass index	 28 (25, 32)	 28 (25, 32)	 27 (25, 32)	 0.82

Current smoker	 1532 (23.8)	 1491 (23.9)	 41 (21.6)	 0.49

Diabetes mellitus				    0.11
     No diabetes	 5149 (80.1)	 4987 (79.9)	 162 (85.3)	
     Insulin dependent 	 422 (6.6)	 410 (6.6)	 12 (6.3)	
     Non-insulin dependent	 861 (13.4)	 845 (13.5)	 16 (8.4)	

Congestive heart failure	 45 (0.7)	 41 (0.7)	 4 (2.1)	 0.04

Dyspnea	 502 (7.8)	 484 (7.8)	 18 (9.5)	 0.41

Functional health status	 93 (1.4)	 86 (1.4)	 7 (3.7)	 0.02

Hx. severe COPD	 479 (7.4)	 463 (7.4)	 16 (8.4)	 0.57

Hypertensive on meds	 3894 (60.5)	 3780 (60.6)	 114 (60.0)	 0.88

Chronic steroid use	 194 (3.0)	 189 (3.0)	 5 (2.6)	 1

Weight loss	 139 (2.2)	 135 (2.2)	 4 (2.1)	 1

ASA class ≥ 3	 4983 (77.5)	 4824 (77.3)	 159 (83.7)	 0.04

Bleeding disorders	 212 (3.3)	 203 (3.3)	 9 (4.7)	 0.30

Preop transfusion	 74 (1.2)	 72 (1.2)	 2 (1.1)	 1

Preoperative acute renal failure	 17 (0.3)	 17 (0.3)	 0 (0.0)	 1

On dialysis	 23 (0.4)	 22 (0.4)	 1 (0.5)	 0.50

Preoperative albumin	 4.0 (3.7, 4.3)	 4.0 (3.7, 4.3)	 3.9 (3.5, 4.2)	 0.003

Preoperative hematocrit	 38.0 (33.7, 41.9)	 38.0 (33.8, 42.0)	 36.7 (32.5, 40.5)	 0.001
Continuous variables are reported as median (IQR) and categorical variables are reported as total (%)

of 4 days longer stay [12.1 (8.6) vs. 8.2(5.8), p < 0.001].  
Similarly, patients in CDI group had higher rates of 
DVT [12 (6.3) vs. 143 (2.3), p = 0.002], acute renal failure 
[9 (4.7) vs. 72 (1.2), p = 0.001], septic shock [16 (8.4) vs. 
151 (2.3), p < 0.001] and mortality [13 (6.8) vs. 148 (2.4), 
p < 0.001].  Furthermore, the CDI group experienced 
an increased risk of procedure related readmission 
within 30 days (OR 1.90, p < 0.001).

Discussion

This study is the first large cohort descriptive study 
assessing risk factors for development of CDI based on 
evaluation of preoperative factors that were associated 

with CDI after radical cystectomy.  Of the data points 
reviewed, female sex, dependent health status, 
continent diversion, and hypoalbuminemia were all 
associated with increased rate of CDI. 

The association between female sex and increased 
risk for CDI has not previously been reported in the 
bladder cancer or cystectomy literature.  This finding 
is not unique to cystectomy patients, and has been 
reported in females undergoing cardiac, bariatric and 
vascular procedures, although no plausible biological 
explanation for this alarming discrepancy has been 
elucidated.10-12  

Antibiotic use is one of the most established risk 
factors for CDI.2  Women with bladder cancer are more 
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TABLE 2.  Preoperative predictors for Clostridium difficile infection after cystectomy 

 
		     Univariable regression	  Multivariable regression
Variable 	 Level	 OR	 95% CI	 p value	 OR	 95% CI	 p value

Procedure	 Cystectomy with	 -			   -
	 conduit/sigmoid bladder
	 Cystectomy with	 1.41	 1.00-1.99	 0.05	 1.57	 1.10-2.23	 0.01
	 neobladder

Gender	 Male	 -			   -		
	 Female	 1.52	 1.09-2.15	 0.02	 1.46	 1.03-2.06	 0.03

Diabetes mellitus	 No	 -			   -		
	 Insulin dependent	 0.90	 0.50-1.63	 0.73	 0.82	 0.45-1.49	 0.51
	 Non-insulin dependent	 0.58	 0.35-0.98	 0.04	 0.57	 0.34-0.95	 0.03

Congestive heart	 No	 -			   -		
failure	 Yes	 3.25	 1.15-9.17	 0.03	 2.78	 0.97-7.97	 0.06

ASA class ≥ 3	 No	 -			   -		
	 Yes	 1.50	 1.02-2.23	 0.04	 1.53	 1.03-2.28	 0.04

Functional health	 No	 -			   - 
status: dependent	 Yes	 2.73	 1.25-6.00	 0.01	 2.36	 1.07-5.24	 0.03

Preoperative	 --	 0.96	 0.94-0.98	 0.001	 0.96	 0.94-0.99	 0.004
hematocrit

TABLE 3.  Association between Clostridium difficile infection and postoperative complications 

 
Outcomes	 C. difficile	 OR	 95% CI	 p value	 OR	 95% CI	 p value

Any complication1	 No: 3071 (49.2)	 -			   -		
	 Yes: 124 (65.3)	 1.94	 1.43-2.63	 < 0.001	 1.66	 1.21-2.27	 0.002

Any infectious	 No: 1327 (21.3%)	 -			   -		
complications2	 Yes: 80 (42.15%)	 2.69	 2.01-3.62	 < 0.001	 2.65	 1.96-3.57	 < 0.001

Any respiratory	 No: 340 (5.4)	 -			   -		
complications3	 Yes: 26 (13.7)	 2.75	 1.79-4.22	 < 0.001	 2.68	 1.73-4.15	 < 0.001

Any cardiac	 No: 307 (4.9)	 -			   -		
complications4	 Yes: 25 (13.2)	 2.93	 1.89-4.53	 < 0.001	 2.71	 1.74-4.24	 < 0.001

Procedure-related	 No: 1201 (19.2)	 -			   -	
readmissions5	 Yes: 59 (31.1)	 1.89	 1.38-2.59	 < 0.001	 1.90	 1.38-2.61	 < 0.001
1multivariable model adjusted for age, procedures, gender, BMI, diabetes, dyspnea, CHF, COPD, weight loss, ASA ≥ 3, functional 
status, bleeding disorder, and preoperative hematocrit value.
2multivariable model adjusted for procedures, BMI, diabetes, COPD, functional status, and bleeding disorder.
3multivariable model adjusted for age, gender, smoking, CHF, COPD, functional status.
4multivariable model adjusted for age, procedures, BMI, diabetes, hypertension on meds, COPD, ASA ≥ 3, bleeding disorder, 
and preoperative hematocrit value.
5multivariable model adjusted for procedures, BMI, diabetes, hypertension on meds, COPD.

likely than men to present with dysuria and are more 
likely to receive empiric antibiotics for lower urinary 
tract symptoms within 1 year of diagnosis of bladder 
cancer.13  In fact, 15.8% of women receive three or more 

courses of antibiotics for UTI prior to bladder cancer 
diagnosis, whereas only 3.8% of men experience the 
same treatment.13  Empiric use of antibiotics for dysuria 
in women with bladder cancer could account for the 
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differential rate of CDI between men and women.  
Potentially, a higher cumulative lifetime antibiotic 
exposure in women could predispose them to CDI 
development.14 

Because studies in other disciplines have highlighted 
the association between hypoalbuminemia and CDI, 
it is particularly important that our findings confirm 
the correlation between hypoalbuminemia and 
CDI.1  A wide range of theories exist to explain this 
association.  Hypoalbuminemia acts as a marker of 
poor nutritional status, chronic disease and, thus, 
immune suppression.1,15  There is also evidence in 
animal models that albumin binding may impair C. 
difficile toxin internalization to the host cell and act 
directly as a self-defense mechanism against CDI.16  
Similarly to hypoalbuminemia, low preoperative 
hematocrit has been interpreted as a marker of 
malnutrition and anemia, both of which have been 
independently associated with CDI in surgical 
patients.17 

The role of poor functional status is increasingly 
recognized as an important and independent risk 
factor for poor outcomes in older adults with infection, 
especially with CDI.  Similar to the results shown in 
our study, poor functional status predisposes to the 
development of CDI.18 

In this NSQIP study, patients undergoing neobladder 
urinary diversion were more likely to have CDI 
postoperatively.  Potentially, the higher rate of wound 
and deep surgical site infections in patients undergoing 
neobladder and subsequent treatment with antibiotics 
may increase risk of CDI.19  This finding contradicts 
previous single institution studies show no correlation 
between the type of urinary diversion and CDI.20 

Our study design has several limitations.  In using 
a retrospective database, results may be confounded 
by variables not reported in NSQIP (for example, 
antibiotic use and proton pump inhibitor use).  Data 
is collected across many institutions so heterogeneity 
in reporting may exist.  In summary, this study offers 
additional insights on the complex interplay between 
sex, comorbid disease, functional status, and surgical 
intervention and the risk for development of CDI in 
patients undergoing cystectomy.

Conclusion

Using the NSQIP database, we identified predictors 
for CDI development in cystectomy patients.  Female 
sex, continent diversion, and low preoperative albumin 
were all associated with CDI.  While our findings are 
retrospective, they are compelling enough to warrant 
further prospective investigation.
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