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Ulcerative colitis (UC) is characterized by periods of remission 
followed by periods of disease activity that decrease quality of 

life. In Western nations, the prevalence of UC has been as high as 
500 per 100,000 persons (1), and approximately 15% of UC patients 
undergo surgical resection of the colon within the first 10 years of 
diagnosis (2,3). Furthermore, UC patients who undergo colectomy 
are at increased risk for postoperative morbidity and mortality (4,5). 

 The increased incidence and severity of Clostridium difficile infec-
tions during the past decade (6,7), along with outbreaks of more 
virulent strains (8), have increased public and practitioner awareness 
of the importance of this pathogen. While antibiotic exposure is the 
primary risk factor for C difficile infection, UC has become recog-
nized as an independent risk factor (9,10). C difficile infection risk 
among UC patients has increased over time, with C difficile 

prevalence doubling from 26.6 to 51.2 per 1000 discharges from 1998 to 
2004 (11). C difficile infection may worsen the prognosis of UC 
because the infection has been associated with higher morbidity and 
increased risk for surgery up to one year after diagnosis of infection 
(11-13). Consequently, C difficile diagnosis is associated with higher 
hospital costs among inflammatory bowel disease patients (11). These 
studies assessed only inpatient C difficile test results and, thus, missed 
the impact of C difficile infections diagnosed before hospital admission 
(11,14). 

We studied whether C difficile diagnosis in hospital or 90 days 
before hospital admission among UC patients was associated with an 
emergent colectomy and, furthermore, the development of postopera-
tive complications.
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BACKGROUND: The impact of Clostridium difficile infections among 
ulcerative colitis (UC) patients is well characterized. However, there 
is little knowledge regarding the association between C difficile infec-
tions and postoperative complications among UC patients.
OBJECTIVE: To determine whether C difficile infection is associated 
with undergoing an emergent colectomy and experiencing postopera-
tive complications. 
METHODS: The present population-based case-control study iden-
tified UC patients admitted to Calgary Health Zone hospitals for a 
flare between 2000 and 2009. C difficile toxin tests ordered in hospi-
tal or 90 days before hospital admission were provided by Calgary 
Laboratory Services (Calgary, Alberta). Hospital records were reviewed 
to confirm diagnoses and to extract clinical data. Multivariate logis-
tic regression analyses were performed among individuals tested 
for C difficile to examine the association between C difficile infection 
and emergent colectomy and diagnosis of any postoperative complica-
tions and, secondarily, an infectious postoperative complication. 
Estimates were presented as adjusted ORs with 95% CIs.
RESULTS: C difficile was tested in 278 (58%) UC patients and 6.1% 
were positive. C difficile infection was associated with an increased risk 
for emergent colectomy (adjusted OR 3.39 [95% CI 1.02 to 11.23]). 
Additionally, a preoperative diagnosis of C difficile was significantly 
associated with the development of postoperative infectious complica-
tions (OR 4.76 [95% CI 1.10 to 20.63]).  
CONCLUSION: C difficile diagnosis worsened the prognosis of UC by 
increasing the risk of colectomy and postoperative infectious compli-
cations following colectomy. Future studies are needed to explore 
whether early detection and aggressive management of C difficile infec-
tion will improve UC outcomes.

Key Words: Clostridium difficile; Colectomy; Postoperative complications; 
Ulcerative colitis

L’infection à Clostridium difficile aggrave le 
pronostic de colite ulcéreuse

HISTORIQUE : Les répercussions des infections à Clostridium difficile 
sont bien caractérisées chez les patients atteints d’une colite ulcéreuse 
(CU). Cependant, on ne sait pas grand-chose de l’association entre ces 
infections et les complications postopératoires chez les patients atteints 
de CU.
OBJECTIF : Déterminer si l’infection à C difficile s’associe à une colec-
tomie d’urgence et à des complications postopératoires. 
MÉTHODOLOGIE : Dans le cadre de la présente étude cas-témoins 
en population, les chercheurs ont repéré les patients atteints de CU 
qui avaient été admis aux hôpitaux de la Calgary Health Zone entre 
2000 et 2009. Les Calgary Laboratory Services de Calgary, en Alberta, 
ont fourni les résultats des tests de toxine du C difficile demandés à 
l’hôpital ou 90 jours avant l’hospitalisation. Les chercheurs ont examiné 
les dossiers hospitaliers pour confirmer les diagnostics et en extraire les 
données cliniques. Ils ont effectué des analyses de régression logistique 
multivariée auprès des personnes qui avaient subi un test de C difficile 
pour examiner l’association entre cette infection, d’une part, et la colec-
tomie d’urgence et le diagnostic de complications postopératoires, puis 
une complication infectieuse postopératoire, d’autre part. Ils ont présenté 
les évaluations sous forme de rapports de risque aux indices de confiance 
de 95 %.
RÉSULTATS : Un test de C difficile a été effectué chez 278 patients atteints 
de CU (58 %); 6,1 % étaient positifs. L’infection à C difficile s’associait à un 
risque accru de colectomie d’urgence (RR rajusté 3,39 [95 % IC 1,02 à 
11,23]). De plus, un diagnostic préopératoire de C difficile s’associait de 
manière significative à l’apparition de complications infectieuses postopéra-
toires (RR 4,76 [95 % IC 1,10 à 20,63]). 
CONCLUSION : Le diagnostic de C difficile aggrave le pronostic de 
CU, car il accroît le risque de colectomie et les complications infec-
tieuses postopératoires après une colectomie. D’autres études s’imposent 
pour explorer si le dépistage précoce et la prise en charge dynamique de 
l’infection à C difficile amélioreront les résultats cliniques de la CU.
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METHODS
Data sources
The Data Integration, Measurement and Reporting Hospital 
Discharge Abstract database was used to capture hospitalizations of 
UC patients in the Calgary Health Zone (CHZ) in Alberta. The 
CHZ is a population-based health authority that provides health care 
to Calgary residents and >20 nearby cities under a public, single-payer 
system (15). This database includes patients’ demographic data, admis-
sion and discharge date, and 42 diagnostic and 25 procedural coding 
fields using the International Classification of Diseases, Ninth and 10th 
Revisions, Clinical Modification (ICD-9-CM and ICD-10-CM) and the 
Canadian Classification of Health Intervention (CCI) (4,16). 

The population-based Calgary Laboratory Services database was 
used to identify UC patients who underwent stool testing for C difficile. 
Calgary Laboratory Services confirmed the C difficile infection using a 
two-step approach: an enzyme immunosorbent assay (EIA) for toxins 
A and B (TechLab C. difficile TOX A/B II, TechLab Enteric 
Diagnostics, USA) was used as a screening method; and the stool 
sample was tested using a second EIA (Triage Clostridium difficile panel, 
Biosite Diagnostics, USA) if the results of the first EIA were positive. 
A sample was considered to be C difficile positive if both tests were 
positive.

Study population
The study population consisted of adults (≥18 years of age) admitted 
emergently to a CHZ hospital between January 1, 2000 and December 
31, 2009 for a UC flare. The approach of identifying the study popula-
tion was previously validated (16). First, the Data Integration, 
Measurement and Reporting Hospital Discharge Abstract database 
was used to identify patients admitted to hospital with a diagnosis of 
UC (ICD-9-CM 556.X or ICD-10-CA K51.X) in any diagnostic pos-
ition and a procedural code for colectomy (ICD-9-CM 45.7, 45.8 or 
CCI 1.NM.87, 1.NM.89, 1.NM.91, 1.NQ.89, 1.NQ.90). The colect-
omy admission was recorded as the index date. Second, from the 
remaining discharge abstracts, UC patients admitted to hospital for a 

flare were identified from admissions with a UC code in the primary 
diagnostic position. Among patients with UC who were admitted to 
hospital for a flare, but did not undergo a colectomy, all hospital 
admissions that occurred within the study period (2000 to 2009) were 
recorded and one admission was randomly selected as the index date 
(16). Patients who were not tested for C difficile in hospital or within 
90 days of hospitalization were not included in the study population. 
Figure 1 illustrates the inclusion and exclusion criteria that defined the 
study population. Medical charts of all UC patients identified were 
reviewed to confirm that the UC patients were admitted to hospital 
emergently for a UC flare and to collect patients’ surgical and medical 
history relevant to the index admission. 

Selection of cases and controls 
The primary case definition was undergoing an emergent colectomy 
during the index admission. Colectomy was defined as emergent if the 
decision to perform colectomy was made during the admission and 
after failing to respond to medical management, or because the patient 
experienced a complication. Controls were the remaining UC patients 
discharged from hospital without a colectomy after responding to med-
ical management. 

The secondary case definition was the development of any pos-
toperative complication and, specifically, an infectious postoperative 
complication among UC patients who underwent an emergent colect-
omy. Postoperative complications were defined as an unexpected 
medical event that occurred between the start of the operation and 
discharge from the hospital. These complications were classified into 
seven complication categories including postoperative infection 
(Appendix 1). Complications were stratified according to severity 
using the Clavien classification of surgical complications (17). The 
development of postoperative complications was recorded if the 
patient experienced at least one complication described under any of 
the categories graded as Clavien II or higher (ie, requiring medical or 
surgical intervention or leading to death). C difficile infection was not 
considered to be a postoperative complication (4). The definition of 
postoperative complication has been previously validated for UC (16). 

Exposure
The primary exposure was a diagnosis of C difficile infection in hospital 
or 90 days before the index admission. Ninety days before hospital 
admission was defined a priori to ensure that patients defined as nega-
tive for C difficile were not treated for a C difficile infection before 
hospital admission. A patient was classified as diagnosed with C dif-
ficile if at least one test result was positive during the predetermined 
period. The date of the first positive test was recorded as the index date 
of infection. C difficile diagnosis was confirmed by medical chart 
review. Patients were classified as C difficile negative if all test results 
during the predetermined period were negative.

Covariates
Additional demographic and clinical data extracted from chart review 
included: age (stratified as 18 to 32, 33 to 47 and ≥48 years, based on the 
tercile of the cohort); sex; disease extent (left-sided versus pancolitis); 
disease duration (defined as the interval between UC diagnosis and 
admission date), length of flare (<2, 2 to 8, >8 weeks); and smoking 
status (current, ex-smoker, never). Inflammatory bowel disease medica-
tions (5-aminosalicylic acid or sulfasalazine, azathioprine, corticoster-
oids and infliximab) taken at time of admission and/or administered 
in-hospital were recorded. Patients were classified as having comorbid-
ities (ie, health conditions occurring before hospitalization) if they had 
at least one of the comorbidities listed in Appendix 2. The definition of 
comorbidity has been previously validated for UC (16).

Statistical analysis
The associations between the outcome and categorical variables were 
tested using the Fisher’s exact test or the χ2 test. Continuous variables 
were expressed as median with interquartile range and compared using 
the Wilcoxon rank-sum test. Multivariate logistic regression analysis 

Figure 1) Flow diagram illustrating the inclusion and exclusion criteria for 
identifying patients admitted with a flare for ulcerative colitis and tested 
Clostridium difficile (C. difficile) infection in hospital and up to 90 days 
before admission. DIMR Data Integration, Measurement and Reporting; 
ICD International Classification of Diseases, Ninth and 10th Revisions
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was performed to determine the association between the need for an 
emergent colectomy and diagnosis of C difficile (defined a priori) 
after adjusting for other covariates. Age was a priori forced into the 
regression model. For the other covariates, a backward elimination 
approach was used to examine independent effects of additional 
variables on the need for emergent surgery with an entry P value 

<0.20. Variables were kept in the model if: the two-sided P value was 
<0.05; or there was evidence of confounding because their removal 
resulted in a 30% change in the estimate of the primary exposure. 
The variance inflation factor was used to measure multicollinearity 
among the independent variables. Multicollinearity was considered 
to be negligible if the variance inflation factor was <10. Interactions 

TAble 1
Characteristics of ulcerative colitis (UC) patients admitted to hospital stratified according to flare (medically responsive) 
and emergent colectomy. emergent colectomy patients were further stratified into development of any postoperative 
complication and development of infectious complications

Characteristics

All UC patients (n=278) emergent colectomy patients (n=102)
emergent colectomy Any complication Infectious complication

No (n=176) Yes (n=102) P No (n=71) Yes (n=31) P No (n=81) Yes (n=21) P
Sex
   Male 52.3 (92) 62.8 (64) 54.9 (39) 80.6 (25) 56.8 (46) 85.7 (18)
   Female 47.7 (84) 37.2 (38) 0.090 45.1 (32) 19.4 (6) 0.015 43.2 (35) 14.3 (3) 0.021
Age at admission, years
   25th percentile 27.0 31.0 30.0 43.0 31.0 46.0
   Median 36.0 47.0 40.0 50.0 43.0 50.0
   75th percentile 47.0 58.0 <0.001 55.0 65.0 0.028 55.0 72.4 0.022
Clostridium difficile infection
    No 96.6 (170) 89.2 (91) 93.0 (66) 80.7 (25) 92.6 (75) 76.2 (16)
    Yes 3.4 (6) 10.8 (11) 0.013 7.0 (5) 10.3 (6) 0.085 7.4 (6) 23.8 (5) 0.046
Disease duration, years
   25th percentile 0 0 0 0 0 0
   Median 1.0 2.0 2 1 2 1
   75th percentile 6.0 6.0 0.401 7 4.5 0.474 7 4 0.549
   Missing data n=5 n=3 n=3 n=3
Smoking
   Current 10.8 (18) 9.8 (10) 11.3 (8) 6.4 (2) 9.9 (8) 9.5 (2)
   Ex-smoker 28.9 (48) 35.3 (36) 33.8 (24) 38.7 (12) 33.3 (27) 42.9 (9)
   Never 60.3 (100) 54.9 (56) 0.550 54.9 (39) 54.8 (17) 0.814 56.8 (46) 47.6 (10) 0.721
   Missing data n=10
Flare duration, weeks
   <2 18.3 (32) 25.5 (26) 25.4 (18) 25.8 (8) 25.9 (21) 23.8 (5)
   2–8 49.1 (86) 47.1 (48) 50.7 (36) 38.7 (12) 49.4 (40) 38.1 (8)
   >8 32.6 (57) 27.4 (28) 0.332 23.9 (17) 35.5 (11) 0.426 24.7 (20) 38.1 (8) 0.456
   Missing data n=1 n=1
Disease extent
   Left-sided 46.4 (71) 17.7 (17) 15.4 (10) 22.3 (7) 17.3 (13) 19.1 (4)
   Pancolitis 53.6 (82) 82.3 (79) <0.001 84.6 (55) 77.4 (24) 0.403 82.7 (62) 80.9 (17) 1.0
   Missing data n=23 n=6 n=6 n=6
Comorbidity
   No 68.8 (121) 60.8 (62) 64.8 (46) 51.6 (16) 64.2 (52) 47.6 (10)
   Yes 31.2 (55) 39.2 (40) 0.191 35.2 (25) 48.4 (15) 0.210 35.8 (29) 52.4 (11) 0.166
Prednisone at admission
   No 47.3 (84) 20.6 (21) 23.9 (17) 12.9 (4) 23.5 (19) 9.5 (2)
   Yes 52.3 (92) 79.4 (81) <0.001 76.1 (54) 87.1 (27) 0.205 76.5 (62) 90.5 (19) 0.229
5-aminosalicylic acid*
   No 31.8 (56) 30.4 (31) 28.2 (20) 35.5 (11) 28.4 (23) 28.1 (8)
   Yes 68.2 (120) 69.6 (71) 0.805 71.8 (51) 64.5 (20) 0.460 71.6 (58) 69.9 (13) 0.389
Azathioprine*
   No 67.0 (118) 69.6 (71) 70.4 (50) 67.7 (21) 70.4 (57) 66.7 (14)
   Yes 33.0 (58) 30.4 (31) 0.659 29.6 (21) 32.6 (10) 0.787 29.6 (24) 33.3 (7) 0.742
Infliximab*
   No 81.3 (143) 86.3 (88) 88.7 (63) 80.7 (25) 86.4 (70) 85.7 (18)
   Yes 18.7 (33) 13.7 (14) 0.281 11.3 (8) 19.3 (6) 0.275 13.6 (11) 14.3 (3) 1.0
Intravenous steroids in hospital
   No 12.5 (22) 1.0 (1) 0 (0) 3.2 (1) 1.2 (1) 0 (0)
   Yes 87.5 (154) 99.0 (101) <0.001 100 (71) 96.7 (30) 0.304 98.8 (80) 100 (21) 1.0

Data presented as % (n) unless otherwise indicated. *Medication taken at admission or in hospital
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between C difficile positivity and variables that were indepedently 
associated with colectomy were tested and included in the model if the 
likelihood ratio test was statistically significant (ie, P<0.05). Point 
estimates were presented as adjusted ORs with 95% CIs.

The association between C difficile infection and the develop-
ment of postoperative complications was also evaluated. Multivariate 
logistic regression was performed to examine the association between 
postoperative complications (and then postoperative infection separ-
ately) and C difficile diagnosis (defined a priori) after adjusting for 
other covariates. A backward elimination approach was used to exam-
ine the independent effects of variables on the development of pos-
toperative complications (and postoperative infection) using the same 
procedure as described above.

A sensitivity analysis was performed to determine whether the tim-
ing of C difficile diagnosis affected the association with the outcomes. 
For this, logistic regression models were recalculated with C difficile 
diagnosis defined as having at least one positive test result in hospital 
or 14 days before the index admission. Patients who were not tested for 
C difficile in hospital or 90 days before admission were included in a 
second sensitivity analysis. Logistic regression models were recalcu-
lated for all three outcomes: emergent colectomy, any postoperative 
complication and infectious complication.  

All analyses were performed using STATA version 11 (STATA 
Corp, USA). The study was approved by the Conjoint Health 
Research Ethics Board at the University of Calgary (Calgary, Alberta). 
The present study was conducted in accordance with the strength-
ening of the reporting of observational studies in epidemiology 
(STROBE) statement (18).

RESULTS
A total of 278 UC patients met the inclusion criteria. Table 1 sum-
marizes the baseline characteristics of the study population. The indi-
cations for an emergent colectomy were bowel complication (n=9), 
cancer/dysplasia (n=1) and failed medical management in hospital 
(n=92). C difficile diagnosis was recorded in 11 (11%) UC patients who 
underwent an emergent colectomy compared with six (3%) patients 
who responded to medical management (P=0.01). Patients diagnosed 
with an infection in hospital or up to 90 days before hospitalization had 
higher odds of undergoing emergent surgery when admitted to hospital 
(adjusted OR 3.39 [95% CI 1.02 to 11.23]) (Table 2).

Table 1 summarizes the  characteristics of the 102 patients who 
underwent an emergent colectomy and were preoperatively tested for 
C difficile. The median time from C difficile diagnosis to surgery was 
12 days (interquartile range 14 days). At least one postoperative com-
plication was recorded in 30% of UC patients and 20% developed an 
infectious postoperative complication. Infectious postoperative com-
plications experienced among UC patients with C difficile included: 
sepsis (n=3), abscess (n=2), urinary tract infection (n=1), pneumonia 
(n=3) and infected central line (n=1) (Appendix 3). C difficile was 
diagnosed preoperatively in 24% of patients who experienced an 
infectious postoperative complication, compared with 7% of UC 
patients who did not develop an infectious postoperative complication 
(P=0.046) (Table 1). 

Preoperative diagnosis of C difficile was not significantly associated 
with developing any postoperative complication (adjusted OR 3.16  [95% 
CI 0.89 to 11.23]) (Table 3). However, individuals diagnosed with 
C difficile preoperatively had higher odds of developing a new infec-
tious postoperative complication (adjusted OR 4.76 [95% CI 1.10 to 
20.63]) (Table 3). 

The sensitivity analysis that restricted the exposure definition to 
only patients tested for C difficile in hospital or 14 days before admis-
sion resulted in similar associations between C difficile infection and 
emergent colectomy (adjusted OR 3.70 [95% CI 1.06 to 12.89]) 
(Appendix 4), whereas the associations were strengthened for any com-
plication (adjusted OR 6.11 [95% CI 1.32 to 28.21]) and infectious 
complications (adjusted OR 7.93 [95% CI 1.54 to 40.75) (Appendix 5). 

The sensitivity analysis that included patients not tested for C dif-
ficile resulted in a nonsignificant association between C difficile infec-
tion and emergent colectomy (OR 2.80 [95% CI 0.86 to 9.11]) 
(Appendix 6). However, individuals not tested for C difficile had 
higher odds of undergoing an emergent surgery compared with those 
with a negative C difficile test result (OR 1.69 [95% CI 1.09 to 2.63]) 
(Appendix 6). Individuals diagnosed with C difficile preoperatively had 
higher odds of developing a new infectious postoperative complication 
(OR 4.67 [95% CI 1.17 to 18.47]) (Appendix 7). Similar to the auth-
ors’ primary analysis, a preoperative diagnosis of C difficile was not sig-
nificantly associated with developing any postoperative complication 
(adjusted OR 3.55 [95% CI 0.95 to 13.21) (Appendix 7). Patients 
with an unknown preoperative C difficile status were not at increased 
risk for developing any complication (OR 1.56 [95% CI 0.80 to 3.07) 
or a new infectious postoperative complication (OR 1.49 [95% CI 
0.67 to 3.29]) (Appendix 7).

TAble 2
logistic regression results of all ulcerative colitis patients 
(n=278) who underwent emergent colectomy with 
Clostridium difficile diagnosis as primary exposure

Adjusted OR (95% CI)
C difficile diagnosis

   No 1.00 (Reference)

   Yes 3.39 (1.02–11.23)

Age, years

   18–32 1.00 (Reference)

   33–47 1.21 (0.06–2.44)

   ≥48 5.05 (2.44–10.47)

Disease distribution

   Left-side/undetermined 1.00 (Reference)

   Pancolitis 4.41 (2.33–8.33)

Prednisone at admission

   No 1.00 (Reference)

   Yes 2.75 (1.45–5.20)

Intravenous steroids in hospital

   No 1.00 (Reference)

   Yes 15.61 (1.77–137.18)

TAble 3
logistic regression results for emergent colectomy 
patients (n=102) experiencing any postoperative 
complication and infectious postoperative complications 
with Clostridium difficile diagnosis as primary exposure

Complication(s)
Any Infectious

C difficile diagnosis
   No 1.00 (Reference) 1.00 (Reference)
   Yes 3.70 (0.89–15.3) 4.76 (1.10–20.63)
Age, years
   18–32 1.00 (Reference) 1.00 (Reference)
   33-47 1.35 (0.24–5.30) 1.56 (0.31–7.93)
   ≥48 2.77 (0.77–9.96) 3.43 (0.8–14.68)
Sex
   Male 1.00 (Reference) 1.00 (Reference)
   Female 0.28 (0.09–0.82) 0.23 (0.6–0.88)
Comorbidity
   No 1.00 (Reference) NS
   Yes 1.52 (0.53–4.35)

Data presented as adjusted OR (95% CI). NS Not significant (was not signifi-
cant on final model)
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DISCUSSION
UC patients diagnosed with C difficile in hospital or 90 days before 
admission were more likely to undergo an emergent colectomy after 
controlling for factors such as age, disease extent and corticosteroid 
use. Additionally, a preoperative diagnosis of C difficile increased the 
risk for developing an infectious postoperative complication. 
Consequently, C difficile infection is an important clinical outcome for 
UC patients admitted to hospital with a flare. 

UC patients have higher mortality and surgery risk at one and five 
years following a C difficile diagnosis compared with UC patients with-
out C difficile (19,20). However, reports describing the impact of C 
difficile diagnosis on in-hospital and short-term risk of colectomy are 
inconsistent. Two single-centre studies (21,22) failed to find an asso-
ciation between C difficile and the need for colectomy at index admis-
sion or three months following C difficile diagnosis. In addition, a large, 
nationwide study using in-hospital data reported a negative associa-
tion between C difficile diagnosis and colectomy, even after taking into 
consideration patients who were admitted electively (11). The con-
flicting results between these previous studies and our study may be 
attributed to methodological differences from our study. Previous 
studies were potentially limited because of selection bias arising from 
data collected from tertiary care centres and/or misclassification bias 
from using administrative databases (23). In contrast, our study was 
population-based, and used chart reviews to confirm exposures and 
outcomes. Moreover, previous studies did not account for C difficile 
testing that occurred before admission to hospital. Furthermore, sur-
gery thresholds may differ among centres (24). Also, different C difficile 
ribotypes (8,25) and lack of consensus on the treatment of C difficile 
infections among UC patients may have influenced infection out-
comes (26,27). Finally, over time, better surveillance and diagnostic 
tests along with more aggressive treatment of C difficile infections may 
account for the differences observed (26-30).

Several factors may explain the increased risk for postoperative 
infection among patients with a C difficile infection. First, patients 
with a C difficile infection may have greater UC disease severity, 
immunosuppression or systemic toxicity (28). Second, antibiotic 
exposure before surgery may have increased susceptibility for acquisi-
tion of antibiotic-resistant nosocomial infections (29). Finally, C dif-
ficile toxin worsens gut permeability (30,31) and promotes bacterial 
migration, which may have increased the risk for septic complications 
(32). Our sensitivity analysis that restricted the study population to 
individuals tested within 14 days of hospital admission or during hos-
pital admission suggested that the timing of C difficile infection influ-
enced postoperative morbidity. 

We studied a large population-based cohort of UC patients (16). 
The diagnosis of UC was confirmed in all cases, which improved the 
accuracy of our data. Administrative databases may misclassify the 
diagnosis of UC, colectomy and postoperative complications, thereby  
influencing the magnitude of risk estimates and the precision of CIs 
(16). Additionally, we were able to determine the reason for admission 
(flare versus elective colectomy) and only included individuals admit-
ted as a flare in our analysis. Also, C difficile test results were obtained 
from a population-based laboratory database that records both in-
hospital and outpatient testing. Thus, we captured all tests performed 
on these patients during the study period. Using a centralized labora-
tory database that captures all C difficile testing is essential because 
administrative coding of C difficile includes a misclassification error 
and could miss C difficile diagnosis before admission. Finally, patients 
were tested for C difficile using a sequential testing approach, which 
optimized the positive predictive value of detecting diseases with low 
prevalence.

Several limitations to the present study should be considered. First, 
we excluded UC patients who were not tested for C difficile in hospital 
or within 90 days of index admission. Consequently, some UC patients 
may have been C difficile positive but were never detected. This gives 
rise to a possible differential misclassification bias in which patients with 
a more severe form of colitis were more likely to be tested for C difficile, 

reflecting a population with a more severe form of UC. Second, we 
were unable to report C difficile incidence rates among UC patients 
(33). Third, patient information was obtained by reviewing patients’ 
charts, relying on various clinicians for their completeness and accur-
acy. Due to the retrospective nature of the data, we were not able to 
control for disease severity by calculating a Mayo score. Additionally, 
C-reactive protein levels were not reliably measured in all patients 
during the early study years. Fourth, we were unable to study other 
patient-related factors, such as antibiotic administration and response, 
because they were not reliably recorded in the patients’ charts. 
Antibiotic treatment of C difficile (eg, timing and first-line agent) may 
have influenced disease course. Fifth, approximately 42% of the 
patients were not tested for C difficile, which may have introduced a 
selection bias. Previous studies using administrative databases have 
assumed that a negative code for C difficile is a negative test for C difficile 
(11). However, our sensitivity analysis demonstrated that individuals 
not tested for C difficile were also at increased odds for colectomy com-
pared with those who tested negative. Finally, the number of patients 
with UC who tested positive for C difficile was small, reducing the 
precision of our findings. Furthermore, the small number of outcomes 
in the postoperative complications analysis may affect the generaliz-
ability of our results. Consequently, our findings should be independ-
ently replicated.

C difficile diagnosis was associated with undergoing an emergent 
colectomy and developing postoperative infectious complications. 
These findings have important clinical implications. First, physicians 
should carefully assess for C difficile infection among all UC patients 
presenting with a flare of disease activity. Second, UC patients with a 
C difficile infection who undergo a colectomy should be monitored 
closely and precautions should be taken to prevent infections. Third, 
increased surveillance for C difficile infections with early identification 
and aggressive treatment provides potential avenues for improving 
outcomes among UC patients. Future studies are necessary to assess 
interventions that may reduce the morbidity of C difficile infections 
among UC patients, and to determine whether timing of colectomy 
for UC patients with C difficile infection should be adjusted to mini-
mize postoperative infectious complications. At minimum, these 
patients require careful surveillance for infections postoperatively.
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APPeNDIX 1
Postoperative complications classification
Category Complications
Gastrointestinal Small bowel obstruction, pouch leak or pouch 

failure, bowel perforation, ileus, ischemic bowel 
and gastrointestinal bleeding

Wound Fistula, hematoma or seroma, wound 
dehiscence and delayed wound healing and 
iatrogenic injuries including foreign body 
accidentally left during procedure 

Infectious Sepsis and bacteremia, abscess, wound 
infection, urinary tract infection, pneumonia 
and empyema

Renal and endocrine Acute renal failure, fluid and electrolyte disorders 
(eg, hypokalemia) and adrenal disorders

Cardiovascular Thrombosis or embolism, myocardial infarction, 
cardiac arrest, hypotension or shock, cardiac 
arrhythmias and congestive heart failure 

Pulmonary Acute respiratory failure, hypoxemia, pleural 
effusion and pulmonary edema, pneumothorax 
and atelectasis, asthma and chronic 
obstructive pulmonary disease exacerbation

Neurological Neurological disease, cerebrovascular disease, 
psychoses, delirium, seizures and 
neuropathies

APPeNDIX 2
Comorbidity classifications
Category Comorbidity
Coronary artery disease Coronary artery disease, ischemic heart 

disease, myocardial infarction, peripheral 
vascular disease

Cancer Lymphoma, metastatic tumour, solid tumour 
without metastases

Other cardiovascular Cardiac arrhythmia, valvular disorder
Congestive heart failure Congestive heart failure
Diabetes Diabetes with complications, diabetes without 

complications
Venous thromboembolism Deep vein thrombosis
Gastrointestinal Cytomegalovirus infection, pancreatitis, peptic 

ulcer disease
Hematological Blood loss anemia, coagulopathy, cyclical 

neutropenia, deficiency anemia
Hypertension Hypertension
Liver Fatty liver, primary sclerosing cholangitis, liver 

disease
Neurological Cerebrovascular disease, hemiplegia and 

paraplegia
Pulmonary Asthma, chronic obstructive pulmonary 

disease, sarcoidosis
Renal Renal failure (acute or chronic)
Rheumatoid Ankylosing spondylitis, episcleritis, uveitis and 

iritis, gout, sacroiliitis, rheumatoid arthritis

APPeNDIX 3
Postoperative complications observed among patients 
tested for Clostridium difficile

Complication categories*
C difficile

Negative Positive
Gastrointestinal
No complications 82 8
At least one complication 9 3
   Pouch leak 2 0
   Bowel perforation 1 0
   Ileus 4 0
   Ischemic bowel 0 1
   Gastrointestinal bleed 3 2
Wound
No complications 87 10
At least one complication 10 1
   Hematoma/seroma 0 1
   Dehiscence 2 1
Infectious
No complications 75 6
At least one complication 16 5
   Sepsis 7 3
   Abscess 6 2
   Wound infection 3 0
   Urinary tract infection 2 1
   Pneumonia 4 3
   Infected central line 0 1
   Perianal infection 1 0
Renal and endocrine
No complications 87 9
At least one complication 4 2
   Acute renal failure 1 2
   Fluid/electrolyte disorders 2 1
   Adrenal 1 0
Cardiovascular
No complications 83 8
At least one complication 8 3
   Thrombosis 5 2
   Myocardial infarction 3 1
   Cardiac arrest 1 0
   Hypotension/shock 3 1
   Cardiac arrhythmia 5 0
Pulmonary 
No complications 84 7
At least one complication 9 2
   Acute respiratory failure 4 2
   Hypoxia 2 1
   Pleural effusion/pulmonary edema 4 1
   Pneumothorax and atelectasis 1 0
Neurological
No complications 91 11
At least one complication 0 0

Data presented as n. *Patients may have had ≥1 postoperative complication
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APPeNDIX 4
Sensitivity analyses: logistic regression results for all 
ulcerative colitis patients (n=278) who underwent emergent 
colectomy with Clostridium difficile diagnosis in hospital 
or 14 days before admission as primary exposure

Adjusted OR (95% CI)
C difficile diagnosis
   No 1.00 (Reference)
   Yes 3.70 (1.06–12.89)
Age, years
   18–32 1.00 (Reference)
   33–47 1.14 (0.56–2.34)
   ≥48 5.06 (2.39–10.74)
Disease distribution
   Left-sided/undetermined 1.00 (Reference)
   Pancolitis 5.04 (2.39–10.74)
Prednisone at admission
   No 1.00 (Reference)
   Yes 2.54 (1.32–4.85)
Intravenous steroids in hospital
   No 1.00 (Reference)
   Yes 11.51 (1.36–97.46)

APPeNDIX 5
Sensitivity analyses: logistic regression results among 
emergent colectomy patients (n=102) who experienced any 
postoperative complication and infectious postoperative 
complication with Clostridium difficile diagnosis in 
hospital or 14 days before admission as primary exposure

Complication(s)
Any Infectious

C difficile diagnosis
   No 1.00 (Reference) 1.00 (Reference)
   Yes 6.11 (1.32–28.21) 7.93 (1.54–40.75)
Age, years
   18–32 1.00 (Reference) 1.00 (Reference)
   33–47 1.86 (0.42–8.29) 2.98 (0.43–20.60)
   ≥48 3.61 (0.88–14.96) 5.18 (0.8–33.77)
Sex
   Male 1.00 (Reference) 1.00 (Reference)
   Female 0.29 (0.1–0.89) 0.21 (0.57–0.86)
Comorbidity
   No 1.00 (Reference) 1.00 (Reference)
   Yes 1.75 (0.58–5.26) 2.05 (0.57–7.45)

Data presented as adjusted OR (95% CI)

APPeNDIX 6
Sensitivity analyses: logistic regression results among 
ulcerative colitis patients (n=481) who underwent emergent 
colectomy, including those not tested for Clostridium 
difficile

Adjusted OR (95% CI)
C difficile diagnosis
   No 1.00 (Reference)
   Yes 2.80 (0.86–9.11)
   Not tested 1.69 (1.09–2.63)
Age, years
   18–32 1.00 (Reference)
   33–47 1.27 (0.75–2.15)
   ≥48 3.52 (2.05–6.04)
Disease distribution
   Left-sided/undetermined 1.00 (Reference)
   Pancolitis 4.51 (2.83–6.04)
Prednisone at admission
   No 1.00 (Reference)
   Yes 3.11 (1.95–4.99)
Intravenous steroids in hospital
   No 1.00 (Reference)
   Yes 6.21 (2.33–16.53)

APPeNDIX 7
Sensitivity analyses: logistic regression results among 
emergent colectomy patients (n=186) who experienced any 
postoperative complication and infectious postoperative 
complication, including those not tested for Clostridium 
difficile

Complication(s)
Any Infectious 

C difficile diagnosis
   No 1.00 (Reference) 1.00 (Reference)
   Yes 3.55 (0.95–13.21) 4.67 (1.17–18.47)
   Not tested 1.56 (0.80–3.07) 1.49 (0.67–3.29)
Age, years
   18–32 1.00 (Reference) 1.00 (Reference)
   33–47 1.16 (0.47–2.89) 1.03 (0.32–3.37)
   ≥48 2.81 (1.24–6.41) 3.61 (2.04–9.81)

Data presented as adjusted OR (95% CI)
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