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Background: Information about colonoscopy complications, partic-
ularly postpolypectomy bleeding, is limited.

Objective: To quantify the magnitude and severity of colonoscopy
complications.

Design: Retrospective cohort.

Setting: Kaiser Permanente of Northern California.

Patients: 16 318 members 40 years of age or older undergoing
colonoscopy between January 1994 and July 2002.

Measurements: Electronic records reviewed for serious complica-
tions, including hospital admission within 30 days of colonoscopy
for colonic perforation, colonic bleeding, diverticulitis, the post-
polypectomy syndrome, or other serious illnesses directly related to
colonoscopy.

Results: 82 serious complications occurred (5.0 per 1000 colonos-
copies [95% CI, 4.0 to 6.2 per 1000 colonoscopies]). Serious com-
plications occurred in 0.8 per 1000 colonoscopies without biopsy or
polypectomy and in 7.0 per 1000 colonoscopies with biopsy or

polypectomy. Perforations occurred in 0.9 per 1000 colonoscopies
(CI, 0.5 to 1.5 per 1000 colonoscopies) (0.6 per 1000 without
biopsy or polypectomy and 1.1 per 1000 with biopsy or polypec-
tomy). Postbiopsy or postpolypectomy bleeding occurred in 4.8 per
1000 colonoscopies with biopsy (CI, 3.6 to 6.2 per 1000 colonos-
copies). Biopsy or polypectomy was associated with an increased
risk for any serious complication (rate ratio, 9.2 [CI, 2.9 to 29.0] vs.
colonoscopy without biopsy). Ten deaths (1 attributable to colonos-
copy) occurred within 30 days of the colonoscopy.

Limitations: 99.3% (16 204) of colonoscopies were nonscreening
examinations. The rate of complications may be lower in a primary
screening sample. The small number of observed adverse events
limited power to detect risk factors for complications.

Conclusions: Colonoscopy with biopsy or polypectomy is associ-
ated with increased risk for complications. Perforation may also
occur during colonoscopies without biopsies.

Ann Intern Med. 2006;145:880-886. www.annals.org
For author affiliations, see end of text.

Colonoscopy is the final step in colorectal cancer screen-
ing, regardless of the initial test chosen, and is recom-

mended for primary colorectal cancer screening in average-
risk persons (1–4). Colorectal cancer screening targets
apparently healthy people; therefore, the magnitude of the
risk and severity of the harms from screening are important
issues to consider when selecting a screening strategy (5).
Described complications of colonoscopy include colonic
perforation, postbiopsy and postpolypectomy bleeding,
and postpolypectomy syndrome (a transmural colonic
burn, marked by localized abdominal pain without evi-
dence of frank perforation) (6). Diverticulitis, which is
caused by a microscopic perforation of the colon, can also
theoretically be caused by colonoscopy in persons with pre-
existing diverticulosis.

Most estimates of colonoscopy complications come
from referral centers (7–12) or closely monitored clinical
trials (13), limiting the generalizability of the results to
community practice. In a large series by a group of ambu-
latory endoscopy centers (14), endoscopists self-reported
complications, possibly underestimating them (15). In this
study, researchers were unable to evaluate postpolypectomy
bleeding. Postpolypectomy bleeding is particularly difficult
to assess in studies because its occurrence is often delayed.
The U.S. Preventive Services Task Force (16), in a recent
evidence review of colonoscopy complications, concluded
that postpolypectomy bleeding was reported in relatively
few studies and delayed bleeding was not reported at all.

Studies using administrative databases typically lack access
to detailed records, including indications, depth of inser-
tion, and whether or how polyps are removed (17).

For the present study, we relied on the automated data
of Kaiser Permanente, Northern California (KPNC), an
integrated health care delivery system. Colonoscopy was
most often used to follow-up other tests, such as fecal oc-
cult blood tests, flexible sigmoidoscopy, or barium enema,
or to conduct surveillance in persons with a personal or
family history of colorectal cancer or colorectal adenoma.
Few colonoscopies were performed for primary screening.
We identified patients undergoing colonoscopy and fol-
lowed them for 30 days after the procedure for hospitaliza-
tion for procedure-related complications. For this analysis,
we defined any procedure-related complication that led to
hospitalization as a “serious complication.”
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METHODS

We used KPNC electronic medical records to select
patients who had undergone colonoscopies between 1 Jan-
uary 1994 and 16 July 2002. This was an observational
study, conducted in medical centers throughout the KP
health care system, evaluating practice patterns as they ex-
isted at the time the included colonoscopies were per-
formed by the endoscopists in the study. Electronic records
were reviewed to identify immediate complications, out-
patient visits, or hospital admission within 30 days of
colonoscopy. Colonoscopies were included in the analysis
if they were performed for patients 40 years of age or older
who were undergoing coloscopy because of a family history
of colorectal cancer or adenomatous polyp, as a follow-up
to a positive screening test (that is, polyp or cancer at
sigmoidoscopy, positive results on a fecal occult blood test,
or abnormal barium enema radiography), for surveillance
because of a previously detected adenomatous polyp or
colorectal cancer, or for primary screening. Colonoscopies
were not included if the procedure was being performed to
diagnose symptoms (for example, diarrhea, abdominal
pain, gastrointestinal bleeding, history of rectal bleeding, or
anemia) or if patients had outpatient visits 6 months before
the procedure for abdominal pain, anemia, diarrhea, or
constipation.

A total of 35 945 procedures performed at KPNC be-
tween 1 January 1994 and 16 July 2002 were identified by
using 2 electronic KPNC endoscopy databases. The first
database, the Colorectal Cancer Prevention (CoCaP) pro-
gram database, contains detailed information from 1994 to
1996 on sigmoidoscopies, follow-up colonoscopies, and
the results of pathologic testing. Information available in
the CoCaP database includes depth of insertion; size, num-
ber, and treatment of polyps; limitations of the procedure;
and identity of the examiner. The second database, the
EndoLog Pro database, includes colonoscopy reports from
1995 to 2002 from 5 KP facilities. The database contains
information on number of polyps found and their treat-
ment, depth of insertion, quality of bowel preparation,
identity of the examiner, and any immediate complica-
tions.

Some patients underwent more than 1 colonoscopy
during the study period. If a colonoscopy was incomplete
because of poor bowel preparation, and a second colonos-
copy was performed within 3 months, only the second
colonoscopy was included in the cohort. If a patient re-
quired a second colonoscopy to complete removal of a polyp,
only the first colonoscopy was included in the cohort. Pa-
tients requiring frequent surveillance may have been
screened more than once during the 7-year study period;
colonoscopies were included for these patients if the inter-
val between the colonoscopies was greater than 6 months.

Identification of Eligible Cases
Of the 35 945 procedures, 4646 were excluded be-

cause patients were younger than 40 years of age; 9499

were excluded because the procedures were performed for
excluded indications or for symptoms; and 2411 were ex-
cluded because of poor preparation (with a second exami-
nation rescheduled in 90 days), interval since previous pro-
cedure was less than 6 months, previous colon surgery, or
because the procedure was for follow-up removal of resid-
ual polyps or for marking polyp site for surgery. Inpatient
procedures (n � 125) and procedures for KPNC non-
members (n � 57) were excluded. Procedures were also
excluded if patients had inpatient or outpatient visits for
lower gastrointestinal bleeding, abdominal pain, anemia,
diarrhea, or constipation 6 months before the procedures
(n � 2689). A total of 16 318 procedures were included in
the analysis.

Identification of Possible Complications
A 2-step procedure was used to identify serious com-

plications. First, we analyzed KP electronic databases for
evidence of patients being admitted to the hospital (a
KPNC or nonprogram hospital) within 30 days of
colonoscopy. We focused on admissions that could be as-
sociated with colonoscopy complications or complications
of procedural sedation, including colonic perforation (In-
ternational Classifications of Diseases, 9th revision, [ICD-
9] codes 569.83 and 998.2]; lower gastrointestinal bleed-
ing (ICD-9 558.9, 578.1, 995.2, 995.89, and 998.1 to
998.13); anemia, not explained by preexisting conditions
(ICD-9 280.0 and 285.0 to 285.9); diverticulitis (ICD-9
562.11); colitis, not present during initial endoscopy
(ICD-9 556 to 556.9); aspiration pneumonia (ICD-9
507); pneumonia, organism unspecified (ICD-9 486); in-
fection (ICD-9 780.6, 790.7, and 424.9 to 424.99); ab-

Context

Data on the frequency of colonoscopy complications from
population-based samples are lacking.

Contribution

The authors searched electronic health records at Kaiser-
Permanente of Northern California for patients who died
or who had complications due to colonoscopy within 30
days of the procedure. Almost all procedures were diag-
nostic or for surveillance of previous abnormal findings.
Of 16 318 eligible procedures, 82 involved serious compli-
cations (5 in 1000 procedures). Of the 82 complications,
95% followed biopsy or removal of polyps, and 62% of
the polyps removed were smaller than 10 mm. The perfo-
ration rate was 1 in 1000 procedures. One death was re-
lated to colonoscopy.

Cautions

Less than 1% of procedures studied were screening
colonoscopies, so these complication rates might not apply
to screening examinations.

—The Editors
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dominal pain (ICD-9 789.0 to 789.09); complications of
procedure (E872, E872.8, E872.9, E879, E879.8, and
E879.9); complications secondary to anesthesia (ICD-9
995.4, 997.1, and 997.3); myocardial infarction (ICD-9
410 to 410.92 and 414); and stroke (ICD-9 436). Deaths
within 30 days of colonoscopy were identified through
linkage with the National Death Index.

After possible cases were identified from electronic
records, medical records analysts at KPNC reviewed the
hardcopy medical records, computerized medical records,
and laboratory records of 183 patients by using chart re-
view forms. Analysts made photocopies of histories and
physicals, discharge summaries, colonoscopy reports, oper-
ative notes, and pathology reports, and these were used to
make decisions. Two physicians reviewed the photocopied
records to determine whether the hospitalization or death
was related to colonoscopy. Clinical judgment was used in
making these decisions through a collaborative process,
and decisions were made by mutual agreement. A third
physician adjudicated the 1 case in which there were on-
going questions. A subsample of 44 records was reviewed
by both physicians independently. The �-statistic for this
statistical analysis was 0.71 (CI, 0.52 to 0.89).

Statistical Analysis
Individual complication measures were created to re-

flect the incidence of serious complications in the first 30
days after colonoscopy for the following: 1) colonic perfo-
ration; 2) the postpolypectomy syndrome; 3) bleeding re-
quiring overnight hospitalization, overall and separately for
patients with or without surgery or transfusion; 4) diver-
ticulitis requiring overnight hospitalization, overall and
separately for patients with or without surgery; and 5) any
other hospitalization within 30 days that was likely to have
been caused or exacerbated by the procedure. Two aggre-
gate measures were used. The first was for all of the above
categories combined and the second for the most serious
complications, including perforation, bleeding with trans-
fusion, and diverticulitis requiring surgery.

For each complication measure, we calculated the in-
cidence per 1000 colonoscopies and estimated maximum
likelihood 95% CIs according to the binomial distribution.

We calculated exact 95% CIs when no events were ob-
served. Unless otherwise specified, procedures in which tis-
sue was removed (by hot or cold biopsy or polypectomy)
were referred to as colonoscopy with biopsy. Colonosco-
pies in which no tissue was removed were referred to as
colonoscopy without biopsy. We used Poisson regression
analysis to describe the bivariate association among serious
complications and age, sex, and the performance of biopsy
or polypectomy for 3 complication measures: 1) perfora-
tion only; 2) perforation, bleeding requiring surgery or
transfusion, or diverticulitis requiring surgery; and 3) any
serious complication. Because colonoscopists performed
more than 1 procedure in this study, we used a generalized
estimating equations approach that fit a Poisson regression
model in the presence of correlated outcomes (18, 19). We
used Proc Genmod in SAS, version 8.2, (SAS Institute,
Inc., Cary, North Carolina), to perform all analyses. The
significance level was set at 0.05. Only bivariate analyses
are reported because there were too few events to allow
multivariable analyses.

Role of the Funding Source
This work was funded by the Centers for Disease Con-

trol and Prevention through a contract with the Battelle
Memorial Institute and a subcontract with the Kaiser
Foundation Research Institute. Personnel from all organi-
zations were involved in the design, conduct, and reporting
of this study.

RESULTS

Patient and Procedure Characteristics
Among eligible patients, the 3 most common indica-

tions were polyp seen on sigmoidoscopy, previous polyp,
and a family history of colorectal cancer (Table 1). Indica-
tion for colonoscopy and whether biopsy or polypectomy
was performed were closely linked. The indications with
the highest rates of biopsy or polypectomy included polyp
seen on sigmoidoscopy (91.5%) and an unspecified sig-
moidoscopy follow-up (83.9%). The indications with the
lowest biopsy or polypectomy rate included primary

Table 1. Number of Procedures and Percentage with Biopsy or Polypectomy by Indication for Colonoscopy

Variable Total Number
of Procedures

Total
Procedures, %

Biopsy or
Polypectomy, %

Polyp seen on sigmoidoscopy 7306 44.8 91.5
History of polyps 3805 23.3 53.1
Family history of colorectal cancer 3099 19.0 35.7
Unspecified follow-up to sigmoidoscopy 747 4.6 83.9
Stool positive for occult blood 565 3.6 44.2
History of cancer 371 2.3 47.2
Abnormal results on barium enema 258 1.6 56.2
Primary screening 117 0.7 33.3
Cancer seen on sigmoidoscopy 50 0.3 70.0

Total eligible procedures 16 318 100.0 67.9
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screening (33.3%) and family history of colorectal cancer
(35.7%).

Patient age ranged from 40 to 100 years; the mean pa-
tient age was 62 years. Of the 16 318 eligible procedures,
5587 (34.2%) were performed on patients 50 to 59 years of
age, 5683 (34.8%) were performed on patients 60 to 69 years
of age, and 3673 (22.5%) were performed on patients 70
years of age or older (Table 2). Only 1375 (8.4%) of the
patients were between 40 and 49 years of age, and 59.7%
(9791) of the patients in the cohort were men and 40.3%
(6575) were women. More than one half of the colonoscopies
was done as a follow-up to a positive colorectal cancer screen-
ing test (for example, polyp or cancer seen on flexible sigmoid-
oscopy, occult blood–positive stool, abnormal barium enema,
or sigmoidoscopy follow-up with missing indication); where-
as 44.6% (7278) were performed for surveillance (history of
cancer or polyp or family history of colorectal cancer). Fewer
than 1% (117) were primary screening colonoscopies. In
2.8% (464) of the procedures it was noted that the cecum was
not reached; however, information on depth of insertion was
missing in approximately one quarter of the procedures.

Incidence of Serious Complications
Of the 16 318 eligible colonoscopies, we identified

183 (1.1%) cases with possible complications, according to
electronic review. After chart review, 101 were determined
to be unrelated to the procedure. We identified 82 patients
with serious complications—78 (95%) of which had un-
dergone colonoscopy with biopsy or polypectomy. The av-
erage age of patients with serious complications was 63
years (compared with an average age of 62 years for those
without complications).

Among all patients, the incidence of serious complica-

tions was 5.0 per 1000 procedures (CI, 4.0 to 6.2 per 1000
procedures), or 1 in 200 examinations (Table 3). The 82
cases with complications included 15 cases of colonic per-
foration; 6 cases of the postpolypectomy syndrome; 53
cases of bleeding requiring hospitalization (15 cases of
bleeding required surgery or transfusion and 38 cases of
bleeding required inpatient observation only); 6 cases of
diverticulitis (2 cases that required surgery and 4 cases that
required inpatient observation and antibiotics); and 2 other
serious complications related to the procedure. The 2 seri-
ous complications included a case in which the snare be-
came caught in a large polyp resulting in the need for a
right colectomy to remove the snare and the polyp, and a
case of diabetic ketoacidosis associated with the colonos-
copy preparation. No complications were observed among
the 117 screening colonoscopy procedures.

Death occurred within 30 days in 10 patients (0.6 per
1000 examinations). The death of 1 patient who developed
congestive heart failure and sepsis after a transfusion for
postpolypectomy bleeding was directly related to colonos-
copy. Other deaths were due to a variety of causes, some of
which may have been the underlying indication for
colonoscopy (for example, a disseminated malignant con-
dition). Myocardial infarction occurred after 9 colonosco-
pies. One myocardial infarction was fatal; hospitalization
had occurred 6 days following colonoscopy. The remaining
8 were not fatal. Patients with myocardial infarction were
hospitalized an average of 16.6 days after the colonoscopy
(range, 6 to 24 days).

Colonoscopy with biopsy was associated with in-
creased risk for serious complications (P � 0.0001). The
incidence of serious complications was 7.0 per 1000

Table 2. Patient Demographic and Clinical Characteristics by Biopsy or Polypectomy Status

Characteristic Total Cohort
(n � 16 318),
n (%)

No Biopsy or
Polypectomy
(n � 5235),
n (%)

Biopsy Only
(n � 1614),
n (%)

Single Polypectomy
(n � 3997), n (%)

Several Polypectomies
(n � 5472), n (%)

Age, y
40–49 1375 (8.4) 763 (14.6) 185 (11.5) 245 (6.1) 182 (3.3)
50–59 5587 (34.2) 1739 (33.2) 476 (29.5) 1508 (37.7) 1864 (34.1)
60–69 5683 (34.8) 1634 (31.2) 531 (32.9) 1381 (34.6) 2137 (39.1)
�70 3673 (22.5) 1099 (21.0) 422 (26.2) 863 (21.6) 1289 (23.6)

Sex
Male 9743 (59.7) 2615 (50.0) 919 (56.9) 2383 (59.6) 3826 (69.9)
Female 6575 (40.3) 2620 (50.0) 695 (43.1) 1614 (40.4) 1646 (30.1)

Indication
Follow-up to positive test* 8926 (54.7) 1184 (22.6) 450 (27.9) 2,838 (71.0) 4454 (81.4)
Primary screening/surveillance† 7392 (45.3) 4051 (77.4) 1164 (72.1) 1159 (29.0) 1018 (18.6)

Depth of insertion
Cecum 11 420 (70.0) 3398 (64.9) 1130 (70.0) 2831 (70.8) 4061 (74.2)
Before cecum 464 (2.8) 139 (2.7) 41 (2.5) 158 (4.0) 126 (2.3)
Unknown 4434 (27.2) 1698 (32.4) 443 (27.5) 1008 (25.2) 1285 (23.5)

* Follow-up to a positive test includes polyp seen on flexible sigmoidoscopy, occult blood–positive stool, cancer seen on flexible sigmoidoscopy, abnormal results on barium
enema, and sigmoidoscopy follow-up with missing indication.
† Primary screening or surveillance includes history of polyps, history of cancer, family history of colorectal cancer, and primary screening colonoscopy.
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colonoscopies with biopsy (CI, 5.6 to 8.7 per 1000
colonoscopies with biopsy), compared with only 0.8 seri-
ous complications per 1000 colonoscopies without biopsy
(CI, 0.2 to 1.8 per 1000 colonoscopies without biopsy).
Postbiopsy or postpolypectomy bleeding occurred in 4.8
per 1000 procedures (CI, 3.6 to 6.2 per 1000 procedures)
(Table 3).

The most common serious complication for colonos-
copy without biopsy was perforation, with an incidence
rate of 0.6 serious complications per 1000 procedures (CI,
0.1 to 1.5 per 1000 procedures). The 3 perforations in
colonoscopy without biopsy included a case in which the
colonoscopist noted a “narrow/tortuous sigmoid colon,”
and depth of insertion was reported as the transverse colon.
In another case, perforation occurred in an area of unsus-
pected colitis that was not seen because of poor prepara-
tion. In the final case, no difficulty was noted with the
colonoscopy. Diverticulitis occurred once.

The serious complication rate after the removal of pol-
yps larger than 10 mm (11.4 per 1000 procedures) was
higher than the serious complication rate after removal of
smaller polyps (6.5 per 1000 procedures) (P � 0.025).
However, because most polyps removed are less than 10
mm in size, 33 of 53 bleeding episodes (62% of bleeding
episodes and 40% of all serious complications) occurred
following removal of polyps smaller than 10 mm. In our
sample, polyps removed from the cecum were not associ-
ated with a higher rate of serious complications than those
removed from other locations in the colon.

Most serious complications occurred in the first 7 days
following colonoscopy, and few occurred after 14 days.
The incidence of serious complications in the first 7 days
following colonoscopy was 3.1 per 1000 colonoscopies
(CI, 2.4 to 4.1 1000 colonoscopies), increasing to 4.7 per
1000 colonoscopies (CI, 3.7 to 5.9 per 1000 colonosco-
pies) by 14 days and 5.0 per 1000 colonoscopies (CI, 4.0
to 6.2 per 1000 colonoscopies) within 30 days. All perfo-
rations were noticed within 7 days of the colonoscopy;
later serious complications were due to bleeding. Of the 53

patients experiencing postpolypectomy bleeding, 31
(58.5%) were hospitalized more than 7 days after colonos-
copy.

Nearly all endoscopists performing colonoscopy at
KPNC were board-certified gastroenterologists (96% of
the colonoscopies were performed by gastroenterologists,
2% by internists, and 2% were not identified), more than
80% of whom performed at least 150 colonoscopies per
year. The number of serious complications identified for
each endoscopist in the study dataset ranged from none
(39 endoscopists) to 6 (1 endoscopist). The average num-
ber of study-related colonoscopies per endoscopist highly
correlated with the number of complications recorded for
each endoscopist (R2 � 0.98). Colonoscopists with no
complications averaged 79 study colonoscopies. The
colonoscopist with 6 complications performed 808 study-
related colonoscopies. There was no statistically significant
association between facility of colonoscopy and complica-
tion rate. Within-facility variation in rate by endoscopist
was explained by procedure volume.

We were unable to determine whether years of expe-
rience since board certification, yearly volume of colonos-
copies, or specialty status were statistically significantly as-
sociated with the occurrence of serious adverse events
because of the uniformity of experience and specialty status
across colonoscopists in our study.

Bivariate Poisson Regression
The strongest predictor for a serious complication in

the first 30 days following colonoscopy was whether a bi-
opsy or polypectomy was performed (Table 4). The risk
for any serious complication was 9.2 times higher follow-
ing colonoscopy with biopsy than colonoscopy without bi-
opsy (CI, 2.9 to 29.0). The risk for perforation increased
5-fold in patients 60 years of age and older compared with
patients 40 to 59 years of age. Bleeding requiring transfu-
sion and diverticulitis were also more common among
older patients (risk ratio, 1.8), but this was not statistically
significant (CI, 0.81 to 3.9).

Table 3. Number and Incidence of Serious Complications in the First 30 Days following Colonoscopy with and without Biopsy*

Variable All Colonoscopies
(n � 16 318)

Colonoscopy without Biopsy
(n � 5235)

Colonoscopy with Biopsy
(n � 11 083)

Number Incidence (95% CI) Number Incidence (95% CI) Number Incidence (95% CI)

All serious complications 82 5.0 (4.0–6.2) 4 0.8 (0.2–1.8) 78 7.0 (5.6–8.7)
Any bleeding 53 3.2 (2.5–4.2) 0 0.0 (0.0–0.6) 53 4.8 (3.6–6.2)

Surgery or transfusion 15 0.9 (0.5–1.5) 0 0.0 (0.0–0.6) 15 1.4 (0.8–2.2)
No surgery or transfusion 38 2.3 (1.7–3.1) 0 0.0 (0.0–0.6) 38 3.4 (2.5–4.6)

Perforation 15 0.9 (0.5–1.5) 3 0.6 (0.1–1.5) 12 1.1 (0.6–1.8)
Postpolypectomy syndrome 6 0.4 (0.1–0.7) 0 0.0 (0.0–0.6) 6 0.5 (0.2–1.1)
Any diverticulitis 6 0.4 (0.1–0.7) 1 0.2 (0.0–0.8) 5 0.5 (0.2–1.0)

Surgery 2 0.1 (0.0–0.4) 1 0.2 (0.0–0.8) 1 0.1 (0.0–0.4)
No surgery 4 0.2 (0.1–0.6) 0 0.0 (0.0–0.6) 4 0.4 (0.1–0.8)

Other serious illness 2 0.1 (0.0–0.4) 0 0.0 (0.0–0.6) 2 0.2 (0.0–0.6)

* Incidence per 1000 procedures.
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DISCUSSION

The principal finding of this study was that perfora-
tions occurred nearly once in every 1000 colonoscopies
and that serious complications occur in 5 of every 1000.
Removal of polyps through biopsy with a snare or forceps
increases the risk for a serious complication nearly 9-fold
compared with colonoscopy without biopsy. Postpolypec-
tomy bleeding was the most common complication. Most
bleeding was self-limited, not requiring surgery or transfu-
sion. Patients age 60 years or older had an increased risk
for perforation. Bleeding accounted for all observed serious
complications more than 7 days after colonoscopy
throughout the 30-day observation period. Our results are
consistent with other recent reports of colonoscopy com-
plications (16) in which researchers found a range of
0.07% to 0.72% for colonic perforations in therapeutic
colonoscopy and a range of 0.2% to 2.67% for post-
polypectomy bleeding. Our sample size, detailed data, and
follow-up time allowed us to evaluate the association of
polyp removal with the incidence of procedure-related se-
rious complications, particularly delayed postpolypectomy
bleeding. Of interest, patients with 10 mm or larger polyps
were twice as likely as patients with smaller polyps to ex-
perience postpolypectomy bleeding. However, because
smaller polyps are more common, most postpolypectomy
bleeding occurred in patients with small, potentially unim-
portant polyps. Delayed postpolypectomy bleeding sug-
gests a need for longer postprocedure monitoring. Experts
have recommended cold snare polypectomy for small pol-
yps as a possibly safer alternative to electrocautery (20).

Our study had several limitations. We lacked detailed
information on comorbid conditions among patients, and
therefore, we were unable to evaluate whether a particular
condition was associated with increased risk for complica-
tions. Of importance, this was not a screening colonoscopy
sample and we had very few screening colonoscopies avail-
able for study, limiting our ability to investigate the risk
factors for serious complications in primary screening
colonoscopies. Kaiser Permanente Northern California
launched a screening program in 1994. However, screen-
ing colonoscopy was not encouraged for average-risk pa-
tients because of concern for complications, feasibility, and
the small magnitude of incremental benefit of colonoscopy
over flexible sigmoidoscopy. Kaiser Permanente Northern
California continued to emphasize flexible sigmoidoscopy
as the screening test of choice throughout the study period.
In a screening population, one would expect the prevalence
of neoplasia to be much lower (21, 22). However, as reim-
bursement has changed and primary screening colonoscopy
has become more commonplace, the prevalence of neopla-
sia found at colonoscopy is decreasing (23). In a popula-
tion with a lower prevalence of neoplasia, one would ex-
pect fewer complications.

There was no uniform biopsy or polypectomy protocol
in place across KPNC during the observation period. A

variety of techniques have been proposed for removal of
small or large polyps (20, 24). A uniform approach to
biopsy or polypectomy might have reduced the incidence
of postpolypectomy bleeding or perforation, although this
has never been studied prospectively. Because of the limi-
tations of our databases, we were unable to evaluate the
contribution of hot biopsies, cold snares, or submucosal
injection to our observed complication rate.

There are 3 important implications of this research.
First, the rate of complications following colonoscopy,
even colonoscopy without biopsy, is higher than that for
other colorectal cancer screening tests, including flexible
sigmoidoscopy (25). Although inherent differences among
these endoscopic tests limit the ability to directly compare
complication rates, the risks associated with colonoscopy
should be considered when its incremental benefit over less
invasive screening procedures is being evaluated (2). Sec-
ond, delayed bleeding was not uncommon, suggesting that
patients should be advised about this risk, and screening
centers should have follow-up procedures in place to mon-
itor delayed complications. Finally, most bleeding episodes
occurred after the sampling or removal of polyps that were
smaller than 10 mm, most of which lacked neoplastic po-

Table 4. Poisson Regression Analyses of Predictors for
Various Outcomes

Characteristic Bivariate Rate Ratio
(95% CI)

Perforation only
Age, y

40–59 1.0
�60 5.2 (1.4–19.2)

Sex
Female 2.3 (0.9–6.0)
Male 1.0

Polyp removal
None 1.0
Biopsy or polypectomy 1.9 (0.3–10.9)

Perforation, bleeding with transfusion, and
diverticulitis requiring surgery

Age, y
40–59 1.0
�60 2.7 (1.4–1.5)

Sex
Female 1.0
Male 1.1 (0.6–2.3)

Polyp removal
None 1.0
Biopsy or polypectomy 3.4 (1.0–11.7)

Any serious complications
Age, y

40–59 1.0
�60 1.2 (0.9–1.7)

Sex
Female 1.0
Male 1.4 (0.9–2.2)

Polyp removal
None 1.0
Biopsy or polypectomy 9.2 (2.9–29.0)
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tential (26–28). Continued efforts should be made to re-
duce the risks associated with biopsy and polypectomy in
patients with small, less clinically important lesions. Tech-
niques of noninvasive evaluation of polyps, such as chromo-
endoscopy (26), and confocal laser endoscopy continue to
improve (29, 30). In the foreseeable future, colonoscopists
may be able to study small colon polyps in situ, reducing
the incidence of postpolypectomy complications.
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