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The use of colonoscopy is increasing rapidly (1) and is likely 
related to the increased recognition of the mortality and 

morbidity associated with colorectal cancer, and increased 
screening for colorectal cancer. However, until recently, there 
were no population-based estimates of complications associated 

with lower gastrointestinal (GI) endoscopy, including colon-
oscopy performed in Canada. A recent four-province study 
(2) reported colonoscopy-related bleeding and perforation 
rates of 1.64 per 1000 procedures and 0.85 per 1000 proced-
ures, respectively. This study did not evaluate the risk of other 
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BACKGROUND: There are limited data regarding complications 
associated with colonoscopy and flexible sigmoidoscopy in usual clini-
cal practice in Canada.
OBJeCtive: To determine the risk factors for lower gastrointestinal 
(GI) endoscopy-associated complications in usual clinical practice.
MetHODS: All outpatient lower GI endoscopies performed in 
Winnipeg (Manitoba) between April 1, 2004 and March 31, 2006, 
were identified from the provincial physicians’ claims database. All 
subsequent hospital admissions within 30 days that documented poten-
tial complications associated with lower GI endoscopies were identified 
from the electronic hospital discharges database and reviewed. 
Multivariate generalized estimating equation regression analysis was 
performed to determine independent factors (patient, endoscopist and 
procedure) associated with the risk of developing complications.
ReSULtS: There were 29,990 outpatient lower GI endoscopies per-
formed in Winnipeg during the years studied. Seventy-seven (0.26%) 
procedures were associated with complications requiring hospitaliza-
tion within 30 days of the index procedure. Stricture dilation (rate 
ratio [RR] 23.14; 95% CI 6.70 to 76.51), polypectomy (RR 5.93; 95% 
CI 3.66 to 9.62), increasing patient age (for each year increase in age, 
RR 1.03; 95% CI 1.01 to 1.05) and performance of endoscopy by low-
volume endoscopists (fewer than 200 procedures per year, RR 2.28; 
95% CI 1.18 to 4.42) and family physicians (RR 2.23; 95% CI 1.39 to 
3.58) were independently associated with complications.
CONCLUSiONS: The results of the present study suggest that 
increasing patient age, complex procedures and performance of the 
index procedure by low-volume endoscopists are independent risk fac-
tors for lower GI endoscopy-associated complications in usual clinical 
practice. This suggests that it may be time to consider implementing 
minimum volume requirements for endoscopists performing non-
screening lower GI endoscopies.
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Prédicteurs des complications graves associées 
à l’endoscopie Gi basse dans la région sanitaire 
d’un grand centre urbain

HiStORiQUe : On dispose de données limitées au sujet des complications 
de la colonoscopie et de la sigmoïdoscopie dans la pratique clinique 
habituelle au Canada.
OBJeCtiF : Déterminer quels sont les facteurs de risque de complications 
associées aux endoscopies gastro-intestinales basses dans la pratique 
clinique habituelle.
MÉtHODe : Toutes les endoscopies GI basses effectuées en externe à 
Winnipeg (Manitoba) entre le 1er avril 2004 et le 31 mars 2006 ont été 
recensées à partir d’une base de données provinciale sur la rétribution des 
médecins. Toutes les hospitalisations subséquentes dans les 30 jours qui 
faisaient état de complications potentiellement associées aux endoscopies 
GI basses ont été relevées à partir de la base de données électronique des 
congés hospitaliers et passées en revue. Une analyse de régression 
multivariée de l’équation d’estimation généralisée a été effectuée afin de 
déterminer les facteurs indépendants (patients, endoscopistes et 
interventions) associés au risque de complications.
RÉSULtAtS : Vingt neuf mille neuf cent quatre-vingt-dix (29 990) 
endoscopies GI basses ont été réalisées en externe à Winnipeg durant les 
années étudiées. Soixante-dix-sept (0,26 %) interventions ont été associées 
à des complications nécessitant une hospitalisation dans les 30 jours de 
l’intervention initiale. La dilatation de strictures (risque relatif [RR] 23,14; 
IC à 95 %, 6,70 à 76,51), la polypectomie  RR 5,93, IC à 95 %, 3,66 à 
9,62), l’avancée en âge des patients (pour chaque année supplémentaire, 
RR 1,03, IC à 95 %, 1,01 à 1,05) et l’exécution de l’endoscopie par des 
endoscopistes ayant un volume moins élevé (moins de 200 interventions 
par année) (RR 2,28, IC à 95 %, 1,18 à 4,42) et des médecins de famille 
(RR 2,23, IC à 95 %, 1,39 à 3,58) étaient liées de façon indépendante aux 
les complications.
CONCLUSiONS : Les résultats de la présente étude donnent à penser 
que l’avancée en âge des patients, la complexité des interventions et le 
rendement des interventions initiales pratiquées par des endoscopistes 
ayant un moins fort volume constituent des facteurs de risque indépendants 
de complications liées à l’endoscopie GI basse dans la pratique clinique 
habituelle. On en déduit qu’il est peut-être temps d’envisager l’application 
de critères minimum en termes de volume pour les endoscopistes qui 
procèdent à des endoscopies GI basses ne servant pas au dépistage.
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life-threatening complications such as cardiovascular complica-
tions or complications associated with flexible sigmoidoscopy 
(FS). Moreover, by limiting the analyses to procedures coded as 
colonoscopy in the administrative databases, this study may 
have underestimated the risks associated with colonoscopy. 
When a colonoscopy is aborted due to a complication observed 
during the procedure, the procedure may be recorded as FS in a 
database and complications would, therefore, be incorrectly 
associated with FS (3). Such adverse events would not be 
regarded as being associated with colonoscopy when only pro-
cedures coded as colonoscopies are evaluated. 

We recently reported (4) that the risk of complications 
associated with colonoscopy and FS performed as outpatient 
procedures in Winnipeg (Manitoba) hospitals was higher if the 
index procedure was performed by low-volume endoscopists. 
However, we were unable to adjust our previous analysis for 
potentially important factors such as patient comorbidities and 
procedure complexity. In addition, we did not have informa-
tion regarding the procedures performed in the ambulatory care 
centres. We have now extended our analysis to include proced-
ures performed in ambulatory care facilities and assessed the 
relationship among patient, procedure, physician characteris-
tics and complications of lower GI endoscopy.

MetHODS
Data sources
With a population of approximately 700,000, Winnipeg is the 
largest city in Manitoba. From April 1, 2004 to March 31, 2006, 
approximately two-thirds of lower GI endoscopies in the prov-
ince were performed in Winnipeg. In an earlier analysis (4), all 
adults (age older than 16 years) who had lower GI endoscop-
ies performed as outpatient procedures at any one of the six 
hospitals in Winnipeg in which the majority of endoscopies 
are performed, were identified from the city-wide hospital 
discharges database. All hospitalizations within 30 days of the 
index procedure with discharge diagnoses that potentially indi-
cated a complication associated with lower GI endoscopy were 
identified using an exhaustive list of International Classification 
of Diseases, 10th Revision, Canada codes. Using a careful and 
systematic chart review, all cases with complications were con-
firmed. The sensitivity of the selected discharge diagnosis codes 
was established by reviewing 20% of hospitalizations within 30 
days of a lower GI endoscopy that did not have a selected diag-
nosis code. The results of this analysis revealed no additional 
cases of lower GI endoscopy-associated complications.

In the current study, an anonymized version of the previ-
ously collected data was linked to the population-based admin-
istrative data repository housed at the Manitoba Centre for 
Health Policy at the University of Manitoba (Winnipeg). The 
data repository includes all provincial physician billing claims 
as well as all hospital discharges. Since 1984, every resident of 
Manitoba has been assigned a unique personal health identifi-
cation number (PHIN) by Manitoba Health and Healthy 
Living – the province’s single health insurance provider. With 
the PHIN as a key identifier, longitudinal health service use 
and outcomes in the province can be determined by linkage of 
health files. For the present study, our previous study database 
was linked with the provincial physician claims and hospital 
discharges databases. All linkages were performed with encrypted 
PHINs to protect patient privacy.

identification of potential additional cases with 
complications
All outpatient lower GI endoscopies (FSs and colonoscopies) 
performed in the city of Winnipeg were identified from the 
physician medical claims database using the tariff codes 3185, 
3186, 3187, 3189, 3320 and 3323 (5). Procedures performed on 
inpatients, which were identified from the hospital discharges 
database, and individuals younger than 16 years of age on the 
date of the index procedure, were excluded. All hospitals and 
almost all ambulatory care facilities (except two in Winnipeg 
and one in the city of Brandon) in the province have facility 
numbers, which are listed in the physician billing claim for 
lower GI endoscopy. The claims without facility numbers were 
considered to be performed at ambulatory care centres because 
all hospitals have a facility number. Procedures performed out-
side of Winnipeg were excluded based on physicians’ primary 
practice areas, defined as the area where most of their patients 
lived.

Using the previously described list of 129 International 
Classification of Diseases, 10th Revision, Canada codes (4), 152 
additional hospital admissions were identified for chart review 
to determine the occurrence of serious lower GI endoscopy-
associated complications within 30 days of the index proced-
ure. Similar to other studies (2,6,7), serious complications were 
defined as those requiring an inpatient hospital admission. As 
in the previous analysis, acute myocardial infarction, renal 
failure, dehydration and intestinal obstruction were considered 
to be related to the index procedure if the onset of symptoms 
occurred within two days of the index procedure. Episodes of 
pneumonias and acute diverticulitis were attributed to the index 
procedure if the onset of symptoms occurred within four days of 
the index procedure. 

Determination of predictors of complications
Patient characteristics (age, sex, socioeconomic status [SES], 
comorbidity level, history of inflammatory bowel disease, pre-
vious resective colorectal surgery), physician characteristics 
(specialty and volume of procedures performed), performance 
site of index procedure (hospital versus ambulatory care cen-
tres) and nature of the procedure (colonoscopy, sigmoidoscopy, 
polypectomy and stricture dilation) were evaluated for their 
association with complications of lower GI endoscopy.

Patient SES was assigned based on their neighbourhood of 
residence at the time of the index procedure. The 2001 dis-
semination area (the smallest geographical unit of the Canadian 
Census) average household income was used to proxy individual-
level income and group the dissemination areas into five popu-
lation quintiles. Previous studies (8,9) from the province have 
shown a strong correlation between self-reported household 
income and a person’s neighbourhood average income. The 
SES can be a significant predictor of lower GI endoscopy use 
(10). The John Hopkins Aggregated Diagnosis Groups method 
(11) was used to stratify subjects into low, moderate or high 
morbidity categories. History of inflammatory bowel disease 
was determined from a previously validated administrative 
data definition (12), which relies on information from the 
physician claims and hospitalization databases. History of 
resective colorectal surgery before the index procedure was 
determined from the physicians’ claims database. For the vol-
ume of procedures performed, the same categories as in the 
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earlier analysis (fewer than 200, 200 to 300, and more than 300 
procedures/year) were used; however, for the present study, the 
number of procedures performed in ambulatory care facilities 
was also included. Of note, there is no separate billing code in 
the province for sigmoidoscopy with biopsy and, therefore, it 
was not possible to compare risks after sigmoidoscopy that 
included biopsy with those of sigmoidoscopy that did not 
include biopsy. 

Statistical analysis
SAS version 9.1 (SAS Institute Inc, USA) was used for data 
management and analyses. Marginal generalized estimating 
equation regression analysis was used to adjust for clustering 
of patients among the endoscopists. A zero-inflated Poisson 
model structure was tested to determine whether the data were 
overdispersed (ie, a lower than expected rate of complications 
may have been observed if many procedures were aborted). 
Ultimately, a Poisson model structure for multivariate analysis 
was used because the inflation probability with the null version 
of the zero-inflated Poisson model was not significant (P=0.99). 

Based on the results of the univariate analysis, some cat-
egories of variables were combined to develop the most parsi-
monious final multivariate model. For example, because there 
was no difference between the risks after colonoscopy with and 
that without biopsy in the univariate analysis, colonoscopy 
with and without biopsy were considered together (referred to 
as CSPY from here on) in multivariate analyses. Similarly, the 
two highest procedure volume endoscopist categories were 
considered together in the multivariate analysis. The compari-
son of FS and CSPY was included a priori in the multivariate 
model. All other factors were retained in the multivariate model 
if they were significant at P<0.10 in the univariate models. 
Almost all of the procedures performed at ambulatory care 
centres were performed by endoscopists who were in the top 
two volume categories (99.5%) and by gastroenterologists 
(91%); therefore, the procedure performance site was not con-
sidered in the multivariate analysis. 

The present study was approved by the University of 
Manitoba’s Health Research Ethics Board and the Health 
Information and Privacy Committee of Manitoba.

ReSULtS
There were 29,990 outpatient lower GI endoscopies performed 
in adults (older than 16 years of age) in Winnipeg between 
April 1, 2004 and March 31, 2006. Of these, 4821 (17%) were 
performed in ambulatory care centres. Gastroenterologists and 
general surgeons performed an approximately equal proportion 
(48%) of the procedures, with family physicians performing 
4%. The median age of the individuals undergoing the pro-
cedures was 58 years (interquartile range 48 to 70 years), and 
55% were women. Seventy-seven (0.26%) procedures were 
associated with complications requiring hospitalization within 
30 days of the index procedure (Table 1). The median age of 
the individuals who developed complications was 68 years 
(interquartile range 54 to 77 years). In addition to intestinal 
wall perforation and postpolypectomy bleeding, the most com-
mon complications were postpolypectomy syndrome, intestinal 
obstruction, acute diverticulitis and acute myocardial infarc-
tion (Table 1). Similar to other studies (6), postpolypectomy 
syndrome was defined as new-onset severe abdominal pain 
without evidence of frank perforation on imaging studies. The 

majority (n=40 [52%]) of the complications occurred following 
polypectomy. There was no difference in the rate of compli-
cations between polypectomies performed at sigmoidoscopy 
(8.4 of 1000 procedures) and those performed during colon-
oscopy (9.4 of 1000 procedures) (P=0.88).

Predictors of complications
In univariate analysis, increasing patient age, male sex, higher 
patient comorbidities, index procedure performed by family 
physicians, lowest volume endoscopists, polypectomy and stric-
ture dilation were associated with complications at a signifi-
cance level of P<0.10 (Table 2). Therefore, these factors were 
included in the final multivariate model. In multivariate analy-
sis, stricture dilation, polypectomy, increasing patient age and 
performance of endoscopy by the lowest volume endoscopists 
and family physicians were independently associated with a 
risk of complications (Table 3). There was a trend toward more 
complications among men (P=0.05). In a multivariate model 
restricted to procedures performed by surgeons and gastroenter-
ologists (and including all other variables), there was no differ-
ence in the risk of complications between the procedures 
performed by surgeons or gastroenterologists (P=0.87). 

DiSCUSSiON
In the present study, we found that increasing patient age, 
complex procedures (eg, polypectomy or stricture dilation) and 
performance of the index procedure by low-volume endoscop-
ists were independent risk factors for lower GI endoscopy-
associated complications. The current study extends our 
previous unadjusted analysis (4) that was limited to data from 
Winnipeg hospitals, in which we demonstrated an increased 
risk of complications when the index procedure was performed 
by low-volume endoscopists in the six city hospitals. In con-
trast to the previous report, the present study assessed patient 
factors that may be associated with lower GI endoscopy-related 
complications and reported adjusted/independent effect of 
patient, procedure and physician characteristics on the risk of 
lower GI endoscopy-associated complications. 

Until recently, there were no estimates of complication 
rates associated with lower GI endoscopy in usual practice from 
Canada. The described rates of colonic wall perforations and 

TABLE 1
Nature of complications after 29,990 outpatient lower 
gastrointestinal endoscopies performed in Winnipeg, 
Manitoba, between April 1, 2004 and March 31, 2006*

Complication n 

Rate per 1000  
procedures  

(95% CI)
Perforations 33 1.1 (0.76–1.55)
Postpolypectomy bleeding 22 0.73 (0.46–1.11)
Postpolypectomy syndrome† 10 0.33 (0.16–0.61)
Intestinal obstruction or acute 
   diverticulitis

5 0.17 (0.05–0.39)

Acute myocardial infarction 4 0.13 (0.04–0.34)
Other‡ 6 2.63 (2.09–3.28)

*Seventy-seven procedures were associated with 80 complications; 
†Postpolypectomy syndrome was defined (as in other studies) as new-onset 
severe abdominal pain without evidence of frank perforation on imaging stud-
ies; ‡Other include bleeding after biopsy, hemoperitoneum, persistent vomit-
ing, pneumonia and acute renal failure
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postpolypectomy bleeding are comparable with those reported 
in another recent Canadian study (2) and those in other stud-
ies (13). We also found that acute myocardial infarction, intes-
tinal obstruction and acute diverticulitis were significant 
complications associated with lower GI endoscopy. This is in 
contrast to a recent United States (US) Medicare administra-
tive database study (14) that did not find an increased risk of 
cardiovascular complications associated with colonoscopy 
compared with a control group of individuals who did not 
undergo colonoscopy. However, the US Medicare study evalu-
ated cardiovascular events within 30 days, rather than in the 
immediate periprocedural time period of the index procedure. 
Most of the cardiac events directly related to a procedure occur 
within the first few days of the index procedure (15). More 

events later in the month, when there may be no difference 
between the colonoscopy and the control groups, could have 
masked any true difference in the rates of cardiovascular events 
in the first few days. Similar to the studies conducted by the 
Kaiser Permanente Medical Care Program in California (USA) 
(6,7), we considered acute diverticulitis within a few days of 
the index procedure to be a complication associated with the 
index procedure as diverticulitis caused by a microscopic per-
foration of pre-existing diverticulosis in the colon. 

Our study suggests that the higher rate of complications 
associated with procedures performed by low-volume endos-
copists is independent of the complexity of the procedure and 
patient characteristics. Most other studies have been unable to 
examine endoscopist characteristics associated with lower GI 

TABLE 2
Predictors of lower gastrointestinal (GI) endoscopy-associated complications (univariate analyses)

Variable

Lower GI endoscopies

Rate ratio 95% CI PTotal, n
Associated with  
complications, n

Age, years* 1.03 1.02–1.05 0.001

Sex

   Male 13,418 47 1.94 1.29–2.91 0.001

      Female 16,572 30 Reference

Socioeconomic status

      Quintile 1 (lowest) 4650 15 Reference

   Quintile 2 5228 14 0.83 0.41–1.67 0.60

   Quintile 3 5838 14 0.74 0.34–1.63 0.46

   Quintile 4 6095 13 0.66 0.32–1.38 0.27

   Quintile 5 (highest) 7910 18 0.71 0.35–1.44 0.34

Inflammatory bowel disease 2013 6 1.18 0.64–2.15 0.60

   No inflammatory bowel disease 27,977 71 Reference

Resective colorectal surgery 3181 10 1.26 0.72–2.21 0.42

   No resective colorectal surgery 26,809 67 Reference

Morbidity category

   Low (0–4 ADGs) 10,773 23 0.67 0.42–1.06 0.08

   Moderate (5–6 ADGs) 8570 20 0.73 0.44–1.21 0.22

      High (≥7 ADGs) 10,647 34 Reference

Endoscopist specialty

   Family practice 1147 s† 2.22 1.07–4.64 0.03

   Surgery 14,498 44 1.54 0.75–3.20 0.23

      Gastroenterology 14,285 28 Reference

Volume of procedures performed by endoscopist/year, n 

   <200 2490 15 3.03 1.42–6.46 0.004

   200–300 7386 24 1.64 0.88–3.03 0.12

      >300 19,128 38 Reference

Site of procedure 

   Hospital 25,169 73 3.50 1.16–10.58 0.02

      Ambulatory care centre 4821 s† Reference

Colonoscopy with biopsy 6671 10 1.26 0.64–2.50 0.50

   Colonoscopy without additional procedure 15,151 18 Reference

Colonoscopy with or without biopsy 21,822 28 0.81 0.31–20.12 0.67

   Flexible sigmoidoscopy with or without biopsy‡ 3799 6 Reference

Stricture dilation 89 s† 25.4 8.14–79.22 <0.0001

Polypectomy 4280 40 7.04 4.58–10.84 <0.0001

   No stricture dilation or polypectomy 25,621 34 Reference

*Age was evaluated as a continuous variable; therefore, the rate ratio for age is for each year increase in age; †Suppressed counts due to small cell size (ie, n≤5); 
‡Tariff code for flexible sigmoidoscopy with biopsy is same as that for sigmoidoscopy without biopsy. ADGs Aggregated diagnostic groups
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endoscopy-related complications due to the similar character-
istics of the endoscopists performing the procedures in those 
studies (6,16). The other recent Canadian study also found an 
increased rate of complications with colonoscopy performed 
by low-volume endoscopists. This finding supports the deci-
sion in many jurisdictions (including Germany, Austria and 
the province of Ontario) to limit colonoscopies for colorectal 
cancer screening programs to higher-volume endoscopists 
(17,18). Where feasible, perhaps it is time to also consider 
implementing volume requirements for endoscopists per-
forming colonoscopies of any nature on an ongoing basis.

We found a linear increase in risks associated with increas-
ing patient age. This finding was similar to that reported in the 
US Medicare study (14), and reinforces that the benefits and 
risks of lower GI endoscopy should be carefully weighed in the 
elderly before the procedures. Specific comorbidities and/or 
medication use could be mediating and/or contributing to the 
higher risk of complications in older individuals. The risk of 
complications in older individuals without comorbidities and/or 
medication use needs to be determined in future studies. We 
found a trend toward an increased complication rate in men; 
however, the reasons for this finding, which has been reported 
in other studies (2,7), remain unclear. 

Surprisingly, we found no difference in complication rates 
between FS and colonoscopy. The use of FS has markedly 
decreased over recent years (1), and it is likely that FS is now 
being performed in only highly selected cases. In addition, 
although we carefully reviewed all of the charts, we may not 
have been able to determine the intent of the procedures in all 
cases that documented complications; therefore, some of the 
FS-associated complications may have been cases in which the 
intended colonoscopy was stopped due to complications. 

Our study findings should be interpreted in the context of 
study strengths and limitations. In contrast to other recent 
database studies, we reviewed all charts to confirm complica-
tions. We evaluated procedures coded as colonoscopies and 
sigmoidoscopies in the same study to capture aborted colon-
oscopies with complications that may have been coded as FSs 
in the databases. Indeed, we found a total of four such cases, 
in which the intent was colonoscopy, but the procedure was 
stopped due to a complication. These cases were recorded as 
FS in the database but were considered to have colonoscopy-
associated complications in the present study. We evaluated a 
nonselected city-wide practice. However, although this was a 
large study, the number of events was relatively small, which 
resulted in imprecise estimates (ie, wide CIs) for particular 
subgroups such as specific complications. We included all 
lower GI endoscopies and, hence, our results may not directly 
apply to screening procedures. Similar to other administrative 
database studies (19), we could not determine the indications 
for the procedures. The risk of complications may vary 
according to the indication of the index procedure. For 
example, screening procedures are usually performed in 
healthy individuals and, therefore, may be associated with a 
lower risk of complications. We evaluated serious complica-
tions defined as those requiring admission to a hospital and 
did not assess complications that did not lead to hospitaliza-
tion because the provincial databases do not regularly record 
diagnoses for emergency room visits that do not lead to 
hospitalization. 

CONCLUSiON
The results of the present study suggest that increasing patient 
age, lower GI endoscopy with polypectomy or stricture dila-
tion, and performance of the index procedure by low-volume 
endoscopists and family physicians are independent risk factors 
for lower GI endoscopy-associated complications. The results 
of the current study, together with the results of the other 
recent Canadian study (2), suggest that all jurisdictions should 
carefully evaluate whether lower GI endoscopies should con-
tinue to be performed by low-volume endoscopists. 
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TABLE 3
Predictors for lower gastrointestinal endoscopy-associated 
complications (multivariate generalized estimating 
equation analysis)

Rate ratio 95% CI P
Age, years* 1.03 1.01–1.05 0.01
Sex
   Male 1.55 1.0–2.41 0.05
      Female Reference
Morbidity category
   Low (0–5 ADGs) 1.18 0.75–1.86 0.47
      Moderate to high (≥6 ADGs) Reference
Endoscopist specialty
   Family practice 2.23 1.39–3.58 <0.001
      Surgery/gastroenterology Reference
Volume of procedures performed 

by endoscopist, n
     <200/year 2.28 1.18–4.42 0.01
        >200/year Reference
Flexible sigmoidoscopy  

with or without biopsy
1.01 0.42–2.41 0.98

     Colonoscopy with or  
     without biopsy

Reference

Stricture dilation 23.14 6.70–76.51 <0.0001
Polypectomy 5.93 3.66–9.62 <0.0001
   No stricture dilation  
      or polypectomy

Reference

*Age was evaluated as a continuous variable; therefore, the rate ratio for age 
is for each year increase in age. ADGs Aggregated diagnostic groups
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