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Background: Although use of colonoscopy has increased substan-
tially among elderly Medicare beneficiaries, no one has described
colonoscopy-related adverse events in a representative sample of
Medicare patients.

Objective: To determine risk for adverse events after outpatient
colonoscopy in elderly patients.

Design: Population-based, matched cohort study.

Setting: Surveillance, Epidemiology, and End Results cancer registry
areas.

Patients: Random 5% sample of Medicare beneficiaries, age 66 to
95 years, who underwent outpatient colonoscopy between 1 July
2001 and 31 October 2005 (n � 53 220), matched with benefi-
ciaries who did not have colonoscopy.

Measurements: Medicare claims were used to measure the rate of
serious gastrointestinal events (bleeding and perforation), other gas-
trointestinal events, and cardiovascular events resulting in a hospi-
talization or emergency department visit within 30 days after
colonoscopy compared with matched beneficiaries who did not
have colonoscopy. Logistic regression was used to estimate ad-
justed predictive risks for adverse events and to assess whether
these events varied by age, comorbid conditions, or type of
colonoscopy.

Results: Persons undergoing colonoscopy had a higher risk for
adverse gastrointestinal events than their matched group. Rates of
adverse events after colonoscopy increased with age. Patients hav-
ing polypectomy had higher risk for all adverse events compared
with their matched group and with the screening and diagnostic
colonoscopy groups. Comorbid conditions increased the risk for
adverse events. Patients with a history of stroke, chronic obstructive
pulmonary disease, atrial fibrillation, or congestive heart failure had
significantly higher risk for serious gastrointestinal events.

Limitation: The analysis relied on the diagnosis and procedure
codes recorded on the Medicare claims.

Conclusion: Risks for adverse events after outpatient colonoscopy
among elderly Medicare beneficiaries were low; however, they
increased with age with specific comorbid conditions and depend-
ing on whether polypectomy was done. These data may inform
decisions on whether to perform colonoscopy in persons of ad-
vanced age or those with comorbid conditions.
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Since 1998, Medicare has covered colorectal cancer
screening of average-risk beneficiaries age 50 years or

older with fecal occult blood testing, sigmoidoscopy, and
double-contrast barium enema. In July 2001, Medicare ex-
panded this coverage to include screening colonoscopy.
Use of colorectal cancer screening by Medicare beneficia-
ries has increased subsequent to the coverage (1). However,
the increased use is largely attributable to colonoscopy (2).

Primary care physicians play an important role in colo-
rectal cancer screening. Physician recommendation is 1 of
the strongest predictors of whether patients are screened
(3–5). Guidelines suggest that providers and patients
should discuss the advantages and disadvantages of the dif-
ferent screening tests (6). However, studies show that pri-
mary care physicians’ discussions with patients about colo-
rectal cancer screening lack key information, especially an
explanation of procedure risks (7, 8).

Of the 4 types of colorectal cancer screening tests rec-
ommended by major expert groups (9–11), colonoscopy is
the most invasive and has the greatest risk for complica-
tions. Yet, studies documenting adverse events after
colonoscopy are limited because they have included per-
sons of all ages and, in some studies, adverse events have
not been the main focus of the analysis (12–25). Despite
the increasing use of colonoscopy in elderly persons, no

population-based studies have examined the risks of
colonoscopy in elderly persons. Recent guidelines note that
complications of colonoscopy by age cannot be estimated
because of the limitations of currently published studies
(26). We address this gap in the literature by determining
risks for adverse events after outpatient colonoscopy in el-
derly persons. We also assess whether particular patient
subgroups are at increased risk for adverse events. Informa-
tion about the risks of colonoscopy can assist primary care
physicians with recommendations about the most appro-
priate method of colorectal cancer screening for older
patients.
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METHODS

Overview

We used Medicare data to identify a cohort of ben-
eficiaries who underwent colonoscopy between 1 July
2001 and 31 October 2005. Medicare claims are longi-
tudinal, allowing us to determine adverse events result-
ing in emergency department or hospital use within 30
days after colonoscopy. Claims were also used to assess
the presence of selected health conditions in the year
before colonoscopy. In addition, we used the Medicare
data to identify a comparison group of beneficiaries who
had not undergone colonoscopy. The comparison group
enabled us to estimate the baseline risk for adverse
events in the elderly population.

Data Sources

Data for this analysis came from a random 5% sample
of Medicare beneficiaries who resided in one of the Sur-
veillance, Epidemiology, and End Results cancer registry
areas (27), which represent about 25% of the U.S. popu-
lation. For these beneficiaries, we reviewed their physician,
outpatient, emergency department, and hospital claims.
Diagnoses and procedures are reported on Medicare claims
by using Healthcare Common Procedure Coding System
(28, 29) and International Classification of Disease, Ninth
Edition, Clinical Modification (ICD-9-CM), codes (30).
The Appendix Table (available at www.annals.org) lists the
codes used to identify all diagnoses and procedures in this
analysis.

Defining the Cohort and Colonoscopies
We identified 118 002 colonoscopies from Medicare

physician bills. The analysis included colonoscopies per-
formed in the outpatient setting. We excluded procedures
that were performed in the inpatient setting (n � 20 814),
those coded by the physician as incomplete (n � 810), and
those done in persons at high risk for perforation. The
latter group included persons with a diagnosis of divertic-
ulitis, Crohn disease or ulcerative colitis, or colorectal can-
cer (n � 3139). We limited the cohort to persons age 66 to
95 years at the time of their procedure (8430 persons
younger than 66 years were excluded) in order to have 12
months of claims before the colonoscopy that could be
reviewed for the presence of comorbid conditions. To en-
sure complete data for the analysis, we required all patients
to have continuous enrollment in Medicare Parts A and B
and fee-for-service coverage during the year before their
colonoscopy and for 30 days after the procedure (7014
persons were excluded on this basis). The date of the pro-
cedure was determined from the physician claim. We also
removed from the analysis 4421 patients who had more
than 2 colonoscopies during our study period and 812
patients who had 2 colonoscopies less than 60 days apart.
Finally, we excluded 12 912 persons who had their proce-
dure outside of a SEER area because we did not have com-
plete data for these cases.

We assigned each outpatient colonoscopy to 1 of 3
categories: screening, diagnostic, and procedures with
polypectomy. We used procedure codes on the colonos-
copy claim to classify the type of procedure. In addition,
procedures with a pathology bill for examination of a colo-
rectal polyp within 7 days of the procedure were classified
as polypectomies. Per Medicare coding policy, colonosco-
pies that were initiated as screening or diagnostic proce-
dures are coded as polypectomy if polyps were removed
during the procedure. Therefore, our polypectomy group
comprised persons who underwent colonoscopy for screen-
ing and diagnostic reasons. Each procedure needed to be
accompanied by an ICD-9-CM diagnosis code that iden-
tified the reason for the procedure. We used these codes to
determine why the colonoscopy was performed.

We assessed adverse events after outpatient colonos-
copy. We used a matched cohort design, identifying a
comparable group of Medicare beneficiaries who had
not undergone colonoscopy from 1 July 2001 to 31
October 2005. For ease of reference, we refer to persons
undergoing colonoscopy as the “colonoscopy group”
and their matched cohort as the “matched group.” We
used the matched group to determine whether the risk
for adverse events observed in the group undergoing
colonoscopy was higher than that in the general Medi-
care population. All potential matches were randomly
assigned a “pseudo-date” of procedure that corre-
sponded to the procedure date for the case patients, as
has been done in other analyses (31). Characteristics
used in matching each person in the colonoscopy group

Context

The complication rates of colonoscopy are well established
in middle-age patients but are not known for elderly
persons.

Contribution

The authors measured 30-day rates of cardiac and gastro-
intestinal events in a random sample of 53 220 Medicare
beneficiaries who had outpatient colonoscopy and in a
matched set of beneficiaries who did not. Rates were
higher in colonoscopy patients, with advancing age and
preexisting comorbid conditions (especially diabetes, heart
failure, atrial fibrillation, stroke, and chronic obstructive
pulmonary disease), and after polypectomy.

Caution

The study used diagnostic billing codes rather than medi-
cal record review.

Implication

Advancing age and an increasing number of comorbid
conditions are reasons to be cautious about recommend-
ing colonoscopy.

—The Editors
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with a person in the match group were birth year, pro-
cedure year, race, sex, state or county of residence, and
comorbidity score. We excluded colonoscopies with no
corresponding beneficiary in the match group (n � 473).
Our final cohort consisted of 53 220 colonoscopies.

Adverse Events
We identified all adverse events occurring within 30

days after outpatient colonoscopy that were severe enough
to require an emergency department visit or hospitaliza-
tion. For the matched group, we identified all adverse
events within 30 days of the pseudo-date of procedure. The
30-day risk for adverse events requiring an emergency de-
partment visit or hospitalization was calculated per 1000
procedures. Adverse events were classified into 3 groups:
serious gastrointestinal events (perforation, gastrointestinal
bleeding, or the administration of blood transfusions), other
gastrointestinal events (paralytic ileus, nausea, vomiting and
dehydration, abdominal pain), and cardiovascular events
(myocardial infarction or angina; arrhythmias; congestive
heart failure [CHF]; cardiac or respiratory arrest; or syncope,
hypotension, or shock). We did not include death as a com-
plication because the number of deaths was too small to pro-
vide statistical power (53 of 53 200 colonoscopies) and the
cause of death cannot be determined from claims data.

Measurements
Variables included as covariates in the models were

patient age group, race, sex, and state and county of resi-
dence, all of which are reported in the Medicare data. In-
formation about whether a patient resided in an urban or
rural location was based on a link to the Area Resource File

(32). We used U.S. Census data associated with the ZIP
code of the patient’s residence to measure his or her socio-
economic status. These proxy variables included informa-
tion at that ZIP code level about the median household
income, percentage of persons with a college education,
and percentage of households with foreign-born persons.
Comorbid conditions were identified from diagnoses re-
ported on physician and hospital claims in the year before
the procedure date by using Romano and colleagues’ mod-
ification of the Charlson comorbidity index (33, 34). Al-
though a summary measure of comorbidity is useful to
ensure comparability between the colonoscopy and
matched groups, it does not provide information about the
risk for adverse events for persons with specific health con-
ditions. We therefore identified 5 comorbid conditions
that are common in elderly persons: diabetes, stroke (cere-
brovascular accidents and transient ischemic attacks),
chronic obstructive pulmonary disease (COPD), atrial fi-
brillation, and CHF.

We obtained our data primarily from Medicare claims.
We had no missing information for patients’ age, race, sex,
or residence. Information about patients’ past health status
was determined from diagnoses recorded on Medicare
claims. It is not possible to assess the extent to which in-
formation on health status was missing. Missing data about
socioeconomic status within a ZIP code varied by measure
but in no case exceeded 5%.

Statistical Analysis
We calculated absolute unadjusted risks for adverse

events (Table 1) by counting the number of specific ad-

Table 1. Characteristics of Medicare Beneficiaries Undergoing Outpatient Colonoscopy and Matched Case Patients

Characteristic Any Colonoscopy
(n � 53 220)

Screening Procedures
(n � 5349)

Diagnostic Procedures
(n � 17 883)

Colonoscopy With
Polypectomy (n � 29 988)

Colonoscopy
Group, n (%)

Matched
Group, n (%)

Colonoscopy
Group, n (%)

Matched
Group, n (%)

Colonoscopy
Group, n (%)

Matched
Group, n (%)

Colonoscopy
Group, n (%)

Matched
Group, n (%)

Age at procedure
66–69 y 12 942 (24.3) 12 986 (24.4) 1629 (30.5) 1657 (31.0) 4068 (22.7) 4085 (22.8) 7245 (24.2) 7244 (24.2)
70–74 y 16 606 (31.2) 16 548 (31.1) 1828 (34.2) 1799 (33.6) 5422 (30.3) 5430 (30.4) 9356 (31.2) 9319 (31.1)
75–79 y 13 289 (25.0) 13 295 (25.0) 1139 (21.3) 1137 (21.3) 4613 (25.8) 4597 (25.7) 7537 (25.1) 7561 (25.2)
80–84 y 7453 (14.0) 7441 (14.0) 593 (11.1) 600 (11.2) 2683 (15.0) 2672 (14.9) 4177 (13.9) 4169 (13.9)
�85 y 2930 (5.5) 2950 (5.5) 160 (3.0) 156 (2.9) 1097 (6.1) 1099 (6.1) 1673 (5.6) 1695 (5.7)

Race
White 45 701 (85.9) 45 701 (85.9) 4670 (87.3) 4670 (87.3) 15 388 (86.0) 15 388 (86.0) 25 643 (85.5) 25 643 (85.5)
Black 3327 (6.3) 3327 (6.3) 321 (6.0) 321 (6.0) 1258 (7.0) 1258 (7.0) 1748 (5.8) 1748 (5.8)
Other 4192 (7.9) 4192 (7.9) 358 (6.7) 358 (6.7) 1237 (6.9) 1237 (6.9) 2597 (8.7) 2597 (8.7)

Sex
Male 22 174 (41.7) 22 174 (41.7) 2033 (38.0) 2033 (38.0) 6681 (37.4) 6681 (37.4) 13 460 (44.9) 13 460 (44.9)
Female 31 046 (58.3) 31 046 (58.3) 3316 (62.0) 3316 (62.0) 11 202 (62.6) 11 202 (62.6) 16 528 (55.1) 16 528 (55.1)

Comorbid condition
Stroke 2453 (4.6) 2902 (5.5) 176 (3.3) 198 (3.7) 871 (4.9) 943 (5.3) 1406 (4.7) 1761 (5.9)
COPD 3791 (7.1) 4167 (7.8) 213 (4.0) 321 (6.0) 1137 (6.4) 1329 (7.4) 2441 (8.1) 2517 (8.4)
CHF 2844 (5.3) 3530 (6.6) 165 (3.1) 234 (4.4) 975 (5.5) 1188 (6.6) 1704 (5.7) 2108 (7.0)
Atrial fibrillation or flutter 3638 (6.8) 3318 (6.2) 273 (5.1) 236 (4.4) 1220 (6.8) 1143 (6.4) 2145 (7.2) 1939 (6.5)
Diabetes 8961 (16.8) 8809 (16.6) 738 (13.8) 651 (12.2) 2925 (16.4) 2921 (16.3) 5298 (17.7) 5237 (17.5)

CHF � congestive heart failure; COPD � chronic obstructive pulmonary disease.
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verse events within 30 days of the procedure, not control-
ling for covariates. For unadjusted risk for adverse events,
we used chi-square analysis to determine whether the risk
for adverse events differed significantly between the
colonoscopy group and the matched group.

We conducted multivariate logistic regression analyses
to investigate the risk for adverse events, controlling for
covariates. We considered 3 separate models that had these
dependent variables: serious gastrointestinal events, other
gastrointestinal events, and cardiovascular events. We ran
these models with the colonoscopy and matched groups
combined (n � 106 440). The comparison of the colonos-
copy group with the matched group allowed us to assess
whether undergoing colonoscopy resulted in a greater risk
for adverse events relative to what normally occurs in the
elderly population. We present the logistic regression re-

sults as predictive marginal risks. These adjusted risks rep-
resent the estimated average response associated with the
respective intervention or risk factor adjusting for other
covariates (35). We calculated the adjusted risk for an in-
tervention or risk factor by averaging the individual pre-
dicted risks, assuming that all individuals in the standard
population with respective covariates had the intervention
or risk factor. Adjusted risks are displayed as 30-day risks
per 1000 colonoscopies. We used SAS, version 9.1.3 (SAS
Institute, Cary, North Carolina), for all statistical analyses.

Role of the Funding Source
This work was performed by federal researchers at the

National Cancer Institute in consultation with an outside
clinician. Our study received no external funding.

Table 2. Diagnosis Provided for Outpatient Colonoscopy*

Diagnosis Provided for Procedure Screening Procedures
(n � 5349), %

Diagnostic Procedures
(n � 17 883), %

Colonoscopy With
Polypectomy
(n � 29 988), %

Screening 55.6 1.0 1.3
Family or personal history of malignant neoplasm 30.2 5.1 1.5
Diverticulosis of colon 3.4 45.2 8.9
Blood in stool or gastrointestinal bleeding 1.7 19.4 5.7
Functional digestive disorders (constipation, diarrhea, or change in bowel habits) 1.7 11.3 5.0
Hemorrhoids 1.9 1.8 0.5
Benign neoplasm of colon and rectum 0.4 4.4 64.8
Anemia 0.3 3.6 1.6
Other 4.8 8.2 10.9

* Diagnoses are based on International Classification of Disease, Ninth Revision, Clinical Modification, codes; procedures are identified from Healthcare Common Procedure
Coding System codes.

Table 3. Unadjusted Risk per 1000 Persons for Specific Adverse Events Within 30 Days of Colonoscopy*

Adverse Event All Procedures
(n � 53 220)

Screening Procedures
(n � 5349)

Colonoscopy
Group

Matched
Group

P Value Colonoscopy
Group

Matched
Group

P Value

Events, n Risk Events, n Risk Events, n Risk Events, n Risk

Serious GI events 368 6.9 97 1.8 �0.001 13 2.4 8 1.5 0.28
Perforations 33 0.6 6 0.1 �0.001 3 0.6 1 0.2 0.31
GI bleeding or transfusions 340 6.4 95 1.8 �0.001 11 2.1 7 1.3 0.35

Other GI events 639 12.0 334 6.3 �0.001 31 5.8 28 5.2 0.70
Paralytic ileus 172 3.2 37 0.7 �0.001 6 1.1 3 0.6 0.32
Nausea and vomiting,

dehydration
361 6.8 269 5.1 �0.001 18 3.4 23 4.3 0.44

Abdominal pain 176 3.3 48 0.9 �0.001 11 2.1 5 0.9 0.134

Cardiovascular events 1030 19.4 885 16.6 �0.001 53 9.9 80 15.0 0.019
MI or angina 241 4.5 214 4.0 0.20 13 2.4 18 3.4 0.37
Arrhythmias 543 10.2 423 7.9 �0.001 30 5.6 37 6.9 0.39
Congestive heart failure 305 5.7 374 7.0 �0.001 8 1.5 30 5.6 �0.001
Cardiac or respiratory arrest 115 2.2 118 2.2 0.84 8 1.5 8 1.5 1.00
Syncope, hypotension, or shock 196 3.7 150 2.8 0.013 8 1.5 14 2.6 0.20

GI � gastrointestinal; MI � myocardial infarction.
* Specific types of events may sum to more than the total for the category because patients may have more than 1 type of event. For the matched group, claims from the 30
days after the pseudo-date of procedure were used to identify adverse events.
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RESULTS

Medicare Beneficiary and Procedure Characteristics
Of the 53 220 colonoscopies included in our analysis,

10.1% were billed as screening procedures, 33.6% as diag-
nostic procedures, and 56.3% as procedures involving
polypectomy (Table 1). More persons undergoing screen-
ing colonoscopy were 66 to 74 years of age (64.7%) than
those undergoing diagnostic procedures (53.0%) or
colonoscopy with polypectomy (55.4%). Persons undergo-
ing screening procedures also had fewer comorbid con-
ditions than those undergoing diagnostic procedures or
colonoscopy with polypectomy. The diagnoses associat-
ed with the colonoscopy varied by type of procedure
(Table 2): 85.8% of persons having screening procedures
had an ICD-9-CM diagnosis for screening or family or
personal history of cancer, whereas 45.2% of persons hav-
ing diagnostic procedures had a diagnosis of diverticulosis
and 64.8% of persons having polypectomy procedures had
a diagnosis of benign neoplasm of the colon or rectum.

Complication Risks, by Procedure Type and Beneficiary
Characteristics

Risk for perforation was similar for all types of
colonoscopies: about 0.6 per 1000 procedures (Table 3).
Unadjusted risk for gastrointestinal bleeding was more
than 4 times higher for the polypectomy group (8.7 per
1000 procedures) than the screening group (2.1 per 1000
procedures). Risk for paralytic ileus was also higher in
the polypectomy group (4.8 per 1000 procedures) than
in the diagnostic group (1.3 per 1000 procedures) or
screening group (1.1 per 1000 procedures). Risk for
cardiovascular events was higher in the polypectomy

group (23.4 per 1000 procedures) or diagnostic group
(15.4 per 1000 procedures) than in the screening group
(9.9 per 1000 procedures). For all types of colonosco-
pies, the most common cardiovascular event was ar-
rhythmia (10.2 per 1000 procedures).

Table 4 shows the adjusted predictive risk for adverse
events with 95% CIs by type of procedure, including persons
not having colonoscopy. Compared with persons who did not
undergo colonoscopy, the adjusted predictive risk for a serious
gastrointestinal event was significantly greater for persons
undergoing diagnostic colonoscopy or colonoscopy with
polypectomy (risk per 1000 procedures, 1.8 [95% CI, 1.4 to
2.1] for no colonoscopy, 4.2 [CI, 3.3 to 5.2] for diagnostic
colonoscopy, and 9.4 [CI, 8.2 to 10.5] for colonoscopy with
polypectomy). The polypectomy group was also at signifi-
cantly greater risk for other gastrointestinal events than the no
colonoscopy, screening, and diagnostic groups (risk per 1000
procedures, 13.0 [CI, 11.7 to 14.4] vs. 5.7 [CI, 5.0 to 6.3],
6.5 [CI, 4.2 to 8.9], and 8.9 [CI, 7.5 to 10.3], respectively).
The adjusted risk for a cardiovascular event was significantly
greater for the polypectomy group than the no colonoscopy,
screening, or diagnostic groups (risk per 1000 procedures,
23.8 [CI, 21.6 to 25.1] vs. 15.9 [CI, 14.8 to 16.9], 12.5 [CI,
9.1 to 15.8], and 15.8 [CI, 14.0 to 17.7], respectively).

Table 4 also presents the adjusted risk for adverse
events by age and selected comorbid conditions, stratified
by intervention, for the colonoscopy group versus the
matched group. The risk for adverse events among persons
undergoing colonoscopy increased with age (Table 4). Rel-
ative to persons age 66 to 69 years, the adjusted predictive
risk for adverse gastrointestinal events was significantly

Table 3—Continued

Diagnostic Procedures
(n � 17 883)

Colonoscopy With Polypectomy
(n � 29 988)

Colonoscopy
Group

Matched
Group

P Value Colonoscopy
Group

Matched
Group

P Value

Events, n Risk Events, n Risk Events, n Risk Events, n Risk

75 4.2 27 1.5 �0.001 280 9.3 62 2.1 �0.001
9 0.5 3 0.2 0.083 21 0.7 2 0.1 �0.001

67 3.7 27 1.5 �0.001 262 8.7 61 2.0 �0.001

176 9.8 120 6.7 �0.001 432 14.4 186 6.2 �0.001
23 1.3 16 0.9 0.25 143 4.8 18 0.6 �0.001

116 6.5 96 5.4 0.164 227 7.6 150 5.0 �0.001

61 3.4 18 1.0 �0.001 104 3.5 25 0.8 �0.001

275 15.4 281 15.7 0.80 702 23.4 524 17.5 �0.001
71 4.0 68 3.8 0.80 157 5.2 128 4.3 0.084

138 7.7 134 7.5 0.81 375 12.5 252 8.4 �0.001
99 5.5 113 6.3 0.33 198 6.6 231 7.7 0.107
32 1.8 37 2.1 0.55 75 2.5 73 2.4 0.87
53 3.0 47 2.6 0.55 135 4.5 89 3.0 0.002
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higher for patients age 80 years or older (risk per 1000
procedures in persons 80 to 84 years of age vs. those 66 to
69 years of age: 8.8 [CI, 6.9 to 10.7] vs. 5.0 [CI, 3.8 to
6.2] for serious gastrointestinal events and 15.9 [CI, 13.5
to 18.3] vs. 6.9 [CI, 5.6 to 8.2] for other gastrointestinal
events). Persons in the colonoscopy group were signifi-
cantly more likely than their age-equivalent matched group
to have adverse gastrointestinal events. The risk for adverse
cardiovascular events increased with age among persons
undergoing colonoscopy, but these rates did not signifi-
cantly differ from those in the age-equivalent matched
group.

Comorbid conditions were associated with an increased
risk for adverse gastrointestinal events after colonoscopy.
Compared with persons with no history of comorbid condi-
tions, persons undergoing colonoscopy who had a history of
stroke, COPD, atrial fibrillation, or CHF had a significantly
higher risk for serious gastrointestinal events (adjusted risk per
1000 procedures, 13.5 [CI, 9.8 to 17.2] for those with stroke
vs. 6.4 [CI, 5.7 to 7.1] for those without stroke, 9.8 [CI, 7.3
to 12.4] for those with COPD vs. 6.5 [CI, 5.8 to 7.2] for
those without COPD, 10.9 [CI, 8.1 to 13.6] for those with
atrial fibrillation vs. 6.4 [CI, 5.7 to 7.1] for those without
atrial fibrillation, and 12.8 [CI, 9.5 to 16.1] for those with

CHF vs. 6.3 [CI, 5.3 to 7.0] for those without CHF). The
risk for other gastrointestinal events among the colonoscopy
group was higher for persons with diabetes, stroke, COPD,
and CHF (adjusted risk per 1000 procedures, 14.3 [CI, 12.2
to 16.4] for those with diabetes vs. 10.0 [CI, 9.1 to 10.9] for
those without diabetes, 18.6 [CI, 14.7 to 22.5] for those with
stroke vs. 10.3 [CI, 9.4 to 11.2] for those without stroke, 18.7
[CI, 15.3 to 22.0] for those with COPD vs. 10.0 [CI, 9.1 to
10.9] for those without COPD, and 19.6 [CI, 15.8 to 23.3]
for those with CHF vs. 10.0 [CI, 9.1 to 10.9] for those with-
out CHF).

Patients undergoing colonoscopy who had any of the
selected comorbid conditions were at increased risk for an
adverse cardiovascular event compared with patients under-
going colonoscopy who did not have these conditions.
However, the rates of adverse cardiovascular events were
similar for patients with the selected comorbid conditions
in the colonoscopy group and matched group.

DISCUSSION

The increased use of colonoscopy has heightened in-
terest in the risk of the procedure relative to its benefit. We
searched MEDLINE and ClinicalTrials.gov for English-

Table 4. Adjusted Risk per 1000 Persons for an Adverse Event Within 30 Days of Outpatient Colonoscopy*

Variable Risk (95% CI)

Serious GI Events Other GI Events Cardiovascular Events

Type of procedure
No colonoscopy 1.8 (1.4–2.1) 5.7 (5.0–6.3) 15.9 (14.8–16.9)
Screening 2.8 (1.2–4.3) 6.5 (4.2–8.9) 12.5 (9.1–15.8)
Diagnostic 4.2 (3.3–5.2) 8.9 (7.5–10.3) 15.8 (14.0–17.7)
Polypectomy 9.4 (8.2–10.5) 13.0 (11.7–14.4) 23.3 (21.6–25.1)

Colonoscopy
Group

Matched Group
(No Colonoscopy)

Colonoscopy
Group

Matched Group
(No Colonoscopy)

Colonoscopy
Group

Matched Group
(No Colonoscopy)

Age group
66–69 y 5.0 (3.8–6.2) 1.3 (0.9–1.7) 6.9 (5.6–8.2) 3.7 (2.9–4.4) 12.6 (11.0–14.3) 10.7 (9.3–12.2)
70–74 y 5.8 (4.6–6.9) 1.5 (1.1–1.9) 8.7 (7.5–10.0) 4.7 (3.9–5.5) 16.0 (14.4–17.6) 13.6 (12.2–15.0)
75–79 y 7.2 (5.9–8.6) 1.9 (1.4–2.4) 11.7 (10.1–13.3) 6.3 (5.3–7.2) 20.6 (18.6–22.5) 17.5 (15.8–19.2)
80–84 y 8.8 (6.9–10.7) 2.3 (1.7–3.0) 15.9 (13.5–18.3) 8.6 (7.1–10.0) 25.7 (23.0–28.4) 21.9 (19.5–24.2)
�85 y 12.1 (8.7–15.5) 3.2 (2.2–4.3) 19.0 (15.0–22.9) 10.2 (7.9–12.5) 31.8 (27.4–36.1) 27.1 (23.3–30.8)

Diabetes
No 6.5 (5.8–7.3) 1.7 (1.4–2.1) 10.0 (9.1–10.9) 5.4 (4.7–6.0) 17.6 (16.4–18.8) 14.9 (13.8–16.0)
Yes 8.2 (6.5–9.8) 2.2 (1.6–2.8) 14.3 (12.2–16.4) 7.7 (6.4–9.0) 25.5 (23.1–28.0) 21.7 (19.5–23.9)

Stroke
No 6.4 (5.7–7.1) 1.7 (1.3–2.0) 10.3 (9.4–11.2) 5.5 (4.8–6.1) 18.4 (17.2–19.5) 15.4 (14.3–16.5)
Yes 13.5 (9.8–17.2) 3.5 (2.4–4.7) 18.6 (14.7–22.5) 9.9 (7.7–12.1) 30.5 (26.4–34.7) 25.7 (22.3–29.2)

COPD
No 6.5 (5.8–7.2) 1.7 (1.4–2.1) 10.0 (9.1–10.9) 5.3 (4.7–6.0) 17.6 (16.4–18.7) 14.7 (13.7–15.8)
Yes 9.8 (7.3–12.4) 2.6 (1.8–3.4) 18.7 (15.3–22.0) 10.0 (8.0–11.9) 31.9 (28.3–35.5) 26.9 (23.8–30.0)

Atrial fibrillation
No 6.4 (5.7–7.1) 1.7 (1.3–2.0) 10.5 (9.6–11.4) 5.6 (5.0–6.3) 16.0 (14.9–17.1) 13.5 (12.5–14.5)
Yes 10.9 (8.1–13.6) 2.9 (2.0–3.8) 13.5 (10.7–16.2) 7.2 (5.6–8.8) 43.3 (38.7–47.9) 36.8 (32.8–40.8)

CHF
No 6.3 (5.6–7.0) 1.6 (1.3–2.0) 10.0 (9.1–10.9) 5.3 (4.6–5.9) 15.3 (14.3–16.4) 12.4 (11.4–13.3)
Yes 12.8 (9.5–16.1) 3.3 (2.3–4.4) 19.6 (15.8–23.3) 10.4 (8.2–12.5) 52.8 (47.1–58.5) 43.1 (38.5–47.8)

CHF � congestive heart failure; COPD � chronic obstructive pulmonary disease; GI � gastrointestinal.
* Adjusted for race, sex, urban vs. rural location, and socioeconomic status variables (median household income, percentage foreign-born, and percentage college educated).
For the matched group, claims from the 30 days after the pseudo-date of procedure were used to identify adverse events.
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language studies of adverse events after colonoscopy pub-
lished through December 2008. Although other studies
have reported adverse events after colonoscopy (16–25),
we believe that ours is the first population-based analysis to
assess adverse events after colonoscopy exclusively in el-
derly persons. An ongoing observational study at a Veter-
ans Affairs hospital to assess the yield and safety of colonos-
copy in patients older than 80 years ended accrual in
December 2008 (36).

Bowel perforation is frequently cited as the most seri-
ous risk associated with colonoscopy. The unadjusted risk
for perforation in our analysis—0.6 per 1000 proce-
dures—is similar to that observed in other studies (14, 18,
19, 22, 25). One study of Medicare beneficiaries under-
going colorectal endoscopy from 1991 to 1998 reported a
perforation risk after colonoscopy of 1.96 per 1000 proce-
dures, more than 3 times what we observed (20). However,
this earlier study was not restricted to outpatient proce-
dures and was from a time when colonoscopies were per-
formed less frequently, possibly resulting in a higher risk
for perforations from less experienced endoscopists. For
persons in our study, the unadjusted risk for gastrointesti-
nal bleeding after polypectomy, 8.7 per 1000 procedures, is
within the range reported by others: 2.2 per 1000 proce-
dures (14) to 11.3 per 1000 procedures (16). Our unad-
justed risk for cardiovascular adverse events, 19.4 per 1000
procedures, is similar to the risk of 20.0 per 1000 proce-
dures reported by the Clinical Outcomes Research Initia-
tive (37).

Although the overall risk for adverse events after
colonoscopy is low, we found that the risk for an adverse
event increased with age. Persons undergoing colonoscopy
at age 75 years or older were at increased risk for other
gastrointestinal adverse events. The risk for serious gastro-
intestinal adverse events was 75% higher for persons age 80
to 84 years compared with persons age 66 to 69 years.
Although the risk for adverse cardiovascular events in-
creased with age among persons undergoing colonoscopy,
the rate of events in the colonoscopy group did not signif-
icantly differ from that in the age-equivalent matched
group, suggesting that the events were more related to age
than colonoscopy.

Considerable debate has taken place over establishing
an upper age limit for screening colonoscopy (12, 15, 38–
40). The U.S. Preventive Services Task Force recently as-
sessed the benefits of colorectal cancer screening relative to
harms (4), concluding that with the competing causes of
mortality that occur in elderly persons, the benefit of colo-
rectal cancer screening will decrease with advancing age.
Currently, the U.S. Preventive Services Task Force does
not recommend any type of colorectal screening for per-
sons age 75 to 85 years and recommends against screening
in persons age 85 years or older. Our findings support
these recommendations and provide additional detail
about various subgroups, based on comorbid conditions

and type of procedure, in which the risks of colonoscopy
might outweigh benefits.

We also found that risk for adverse events, especially
for polypectomy procedures, was substantially increased for
individuals with certain comorbid conditions—diabetes,
stroke, CHF, COPD, or atrial fibrillation. The increased
risk for complications in persons with these conditions may
be related to the preparation, sedation, or the procedure
itself. Certain preparations, such as sodium phosphate, can
increase the likelihood of electrolyte imbalances, especially
in elderly persons (41, 42). In addition, persons taking
angiotensin-converting enzyme inhibitors, angiotensin-
receptor blockers, diuretics, and nonsteroidal anti-inflam-
matory drugs—all of which are commonly used in elderly
persons—may have more adverse events related to the
bowel preparation for colonoscopy (43).

A previous study of elderly persons assessed life expect-
ancy by level of patient comorbidity at the time of a colon
cancer diagnosis and showed a substantial decrease in life
expectancy for patients with 3 or more chronic conditions.
The authors concluded that a heavy burden of chronic
diseases is 1 reason to stop colorectal cancer screening in
older persons, because the benefit of screening is marginal
at best (44). Our finding of increased 30-day adverse
events for persons with significant comorbid conditions, in
tandem with this previous work (15), underscores the im-
portance of considering the patient’s age and comorbid
conditions when evaluating the need for colonoscopy.

Our study has several strengths. We used a large
population-based cohort of 53 220 colonoscopies and
Medicare claims to longitudinally track risks for hospital-
ization and emergency department use within 30 days of
the procedure. This provided more complete information
than could be obtained from the telephone follow-up used
in other studies (14, 17). The inclusion of a matched co-
hort group allowed us to evaluate both gastrointestinal and
cardiovascular events, determining their risk in the
colonoscopy group beyond what occurs routinely in the
elderly population.

Our analysis also has limitations. We relied on ICD-
9-CM and Healthcare Common Procedure Coding System
codes to identify procedures and adverse events. Diagnoses
on Medicare claims for conditions and selected adverse
events have been found to have high probability of identi-
fying the condition, although the sensitivity of the claims
varies by condition (45). Earlier studies comparing proce-
dures reported in Medicare claims with those reported in
physician office records have shown the claims to have high
sensitivity and high probability that the identified condi-
tions were truly the condition (46–48). However, we
could not always determine the reason for colonoscopy (for
example, screening intent or history of polyp). For our
purposes, however, those reasons would probably not be
related to the outcomes of colonoscopy. Medicare claims
have no information about the quality of the preparation,
type of sedation, duration of the procedure, or depth of
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insertion into the bowel. Our risks for adverse events may
underestimate the true risk for events, although we have no
reason to believe that any underestimate would vary by
type of colonoscopy. It could also be that compared with
the matched group, persons in the colonoscopy group were
more likely to seek care for an adverse event because they
were counseled to seek medical attention if symptoms oc-
curred after their procedure.

In conclusion, our study fills an important gap in the
literature by documenting adverse events after outpatient
colonoscopy in elderly persons. The risk for adverse events
after outpatient colonoscopy among elderly Medicare ben-
eficiaries is strongly related to the type of procedure per-
formed, patient age, and comorbid conditions. In particu-
lar, elderly patients with specific, common comorbid
conditions are at greater risk for adverse events. Our find-
ings should contribute to the ongoing clinical debate about
use of screening colonoscopy among persons with limited
life expectancy because of age or comorbid conditions. Cli-
nicians should incorporate these data into their discussions
with patients about the risks associated with colonoscopy.
Finally, our findings should aid clinicians in making age-
and health status–appropriate recommendations to elderly
patients for colorectal cancer screening, especially given the
availability of Medicare coverage for alternative colorectal
cancer screening tests that are less risky than colonoscopy.
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Appendix Table. Identification Codes for All Diagnoses and Procedures

Characteristic Code*

Medicare place of service†
Outpatient 22
ASC 24
Specialty 49

Preexisting condition
Diverticulitis 562.01, 562.03, 562.11, 562.13
Inflammatory bowel disease (Crohn disease or ulcerative colitis) 555–556
Colon cancer 153–154.1, 159.0, 230.3, 230.4

Comorbid condition
Stroke 431.x–438.x
COPD 496, 493.2, 491.x, 492.x
Atrial fibrillation or flutter 427.3x
Diabetes 250–250.9
CHF 428xx, 402.01, 402.11, 402.91, 404.01, 404.11, 404.91

Type of colonoscopy‡
Screening G0105, G0121
Diagnostic 45378, 45.23
Polypectomy 45380, 45384, 45385, 45392, 45.42
HCPCS modifier code for incomplete procedure 53, 73, 74

Reason for colonoscopy
Screening V76.5x, V76.41, V76.49
Family or personal history of malignant gastrointestinal neoplasm V10.05-06, V16.0, V12.72
Diverticulosis of colon 562.xx
Blood in stool or gastrointestinal bleeding 569.3, 578.1, 578.9, 792.1
Functional digestive disorders

Diarrhea, NOS 787.91
Change in bowel habits 787.99
Functional digestive disorders, NEC 564.x

Hemorrhoids 455.xx
Benign neoplasm of colon and rectum or polyp 211.3, 211.4, 569.0
Anemia 280.xx, 285.xx
Other (diagnoses other than those above) –

ASC � ambulatory surgical center; CHF � congestive heart failure; COPD � chronic obstructive pulmonary disease; HCPCS � Healthcare Common Procedure Coding
System; ICD-9-CM � International Classification of Disease, Ninth Edition, Clinical Modification; NEC � not elsewhere classified; NOS � not otherwise specified.
* Codes are ICD-9-CM diagnosis codes, except when specified otherwise.
† Medicare place of service codes.
‡ HCPCS and ICD-9-CM procedure codes.
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