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Repeat colonoscopy after a colonoscopy with a negative
result in Ontario: a population-based cohort study
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Background: Data suggest the overuse of repeat colonoscopies, especially in patients at low risk for colorectal cancer. Our objective
was to evaluate the time to repeat colonoscopies in low-risk patients aged 50-79 years old and the associated patient- and endoscopist-
related factors.

Methods: All patients aged 50-79 years of age who underwent a complete outpatient colonoscopy with a negative result between 2000
and 2007 were identified from the Ontario Health Insurance Plan database. A colonoscopy performed within 5.5 years of follow-up after
the index colonoscopy was considered an early repeat colonoscopy. Patient, endoscopist and endoscopy setting characteristics were
recorded and their association with an early repeat colonoscopy was determined using an extended Cox proportional hazards regres-
sion model.

Results: The cohort consisted of 546 467 patients: 55.4% of the patients were female with a mean age of 61.1 years (95% confidence
interval [Cl] 61.1-61.2). The cumulative percentage of early repeat colonoscopy after 5.5 years was 33.7%. The rate decreased signifi-
cantly between 2000 and 2007 (hazard ratio [HR] 0.35, 95% CIl 0.34-0.36). General surgeons were associated with a higher risk of
early repeat colonoscopy than gastroenterologists (HR 1.27, 95% CIl 1.25-1.28). Endoscopists practising in a nonhospital setting were
more likely to perform an early repeat colonoscopy (HR 1.26, 95% CIl 1.22—1.30) than endoscopists at a hospital.

Interpretation: This study showed that there was overuse of early repeat colonoscopy in more than 30% of patients who were at low risk
for colorectal cancer. The risk decreased significantly between 2000 and 2007 but was still greater than 20% in 2007. Our findings can be
used to develop targeted educational interventions among subgroups of endoscopists with a higher rate of early repeat colonoscopy.

atients with adenoma(s) have a higher risk of metachro-

nous adenoma or colorectal cancer developing, and sur-

veillance colonoscopy is recommended.'* International
guidelines recommend intervals for follow-up colonoscopy
based on the most advanced finding at baseline.”

The number of colonoscopies performed for screening and
surveillance is likely to grow in the next decade. Avoiding
unnecessary colonoscopy is vital because of limited capacity and
costs. Screening and surveillance colonoscopies in excess of
guideline recommendations have been reported’!'¢ among
patients with a low probability of benefit (e.g., patients over the
age of 85 years or with severe comorbidities) or too frequent
surveillance colonoscopies among those with low-risk findings
(normal or nonadenoma) at baseline colonoscopy. Overuse of
colonoscopies undermines the cost-effectiveness of programs for
colorectal cancer screening and surveillance, and results in more
complications.'!® Overuse may result in prolonged wait times
for patients with an appropriate indication for colonoscopy.
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Surveys have revealed that physicians recommend that
patients who are at low risk for colorectal cancer undergo colo-
noscopy more frequently than the guidelines recommend.*!%13:15
Studies in the United States reported that more than 20% of
surveillance colonoscopies performed in a Medicare population
of patients who were older than 65 years were unnecessary'>"
and could have been avoided.!

There is a lack of Canadian population-based data on over-
use of repeat colonoscopies and associated factors among age
groups (50-79 yr) eligible for screening. Our goal was to
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determine the time to early repeat colonoscopy following a
complete colonoscopy with a negative result, among patients
aged 5079 years old in Ontario and the associated factors.

Study design

We conducted a population-based cohort study involving
patients who underwent a complete outpatient colonoscopy
with a negative result in Ontario between Jan. 1, 2000, and
Dec. 31, 2007. All patients were followed up for a maximum
of 5.5 years after they were included until the first occurrence
of an early repeat colonoscopy, death, colon resection, devel-
opment of colorectal cancer or inflammatory bowel disease, or

the end of follow-up.

Administrative data sources

Data were obtained from 5 data sources: (1) the Discharge
Abstract Database (Canadian Institute for Health Informa-
tion), which contains standard clinical data for health services
provided for each hospital inpatient stay or same-day surgery
since 1988. Diagnostic codes recorded in the Discharge
Abstract Database are based on the International Classification
of Diseases, 9th Revision, from Apr. 1, 1988, to Mar. 31, 2002,
and the International Statistical Classification of Diseases and
Related Health Problems, 10th Revision from Apr. 1, 2002,
onward (Appendix 1, available at www.cmajopen.ca/content
/3/2/E244/suppl/DC1). Procedure codes were recorded accord-
ing to the Canadian Classification of Procedures from Apr. 1,
1988, to Mar. 31, 2002, and the Canadian Classification of
Health Interventions from Apr. 1, 2002, onward. (2) The
Ontario Health Insurance Plan database, which contains infor-
mation on claims billed by physicians for reimbursement of
services provided to Ontario residents from 1991 onward. (3)
The Ontario Cancer Registry, which includes information on
all incident cancers diagnosed since 1964. (4) The Registered
Persons Database (Ontario Ministry of Health and Long-term
Care), which contains demographic information and length of
eligibility of all Ontario Health Insurance Plan beneficiaries.
(5) The Corporate Providers Database (Institute for Clinical
Evaluative Sciences), which contains physician demographic
and practice-related information.

Study cohort

Patients aged 50-79 years who underwent an outpatient com-
plete colonoscopy with a negative result between Jan. 1, 2000,
and Dec. 31, 2007, were identified using the Ontario Health
Insurance Plan database. The inclusion period ended on Dec.
31, 2007, to allow for 5.5 years of follow-up (the most recent
information available in the database was for June 2013). We
considered that a patient had a complete colonoscopy if the
billing codes indicated that the cecum or the terminal ileum
was reached. We considered the colonoscopy as having a nega-
tive result if a biopsy or polypectomy was not performed on
the same date. We defined this first colonoscopy as the index.
Patients who had a diagnosis of colorectal cancer or inflamma-
tory bowel disease, or who had a colonic resection 6 months to

OPEN

10 years before the index colonoscopy were identified using
diagnostic, procedure and billing codes and excluded from the
cohort. Patients who had a colonoscopy or colon resection,
who were diagnosed with colorectal cancer or inflammatory
bowel disease, or who died within 6 months after the index
colonoscopy were excluded from the cohort, because these
findings may have been related to findings at the index colo-
noscopy and, therefore, the result for the index colonoscopy
could not be considered negative.?’

Identification of early repeat colonoscopy

We defined the primary outcome of this study as time to early
repeat colonoscopy between 6 months and 5.5 years after the
index colonoscopy, which was based on data from physician
billing claims. Events occurring during the first 6 months
after the index colonoscopy were not captured in the model
because these patients were excluded from the cohort. Time
was measured from 6 months after the index colonoscopy.
Patients were censored at death (last date of contact with the
health care system) if they were given a diagnosis of colorectal
cancer or inflammatory bowel disease, if they had a colon
resection, at the date of termination registration of Ontario
health insurance if the patient moved outside Ontario or at
5.5 years after the index colonoscopy.

Covariates

Patient characteristics

Patient age, sex, Johns Hopkins aggregated diagnosis groups?!
(based on diagnosis codes within each of the 32 categories, in
the year before the index colonoscopy) and a proxy for socio-
economic status (the median neighbourhood income quintile
within the patient’s postal code area) were recorded.

Endoscopy characteristics

Endoscopist characteristics are known to influence the occur-
rence of an early repeat colonoscopy.!” We recorded the char-
acteristics of the index endoscopist, including sex and specialty
(gastroenterologist, general surgeon, internist and other spe-
cialties). The main practice location of the endoscopist (hospi-
tal-based, nonhospital-based or mixed) was determined based
on the setting (hospital or nonhospital) of each colonoscopy
billed in the year before the index colonoscopy. Main practice
location was defined as mixed if more than 10 colonoscopies
per year were performed in both settings. Quality indicators,
including colonoscopy volume, polypectomy rate (proportion
of colonoscopies with an additional billing code for polypec-
tomy) and completion rate (proportion of colonoscopy with
accompanying billing code for intubation of the cecum or ter-
minal ileum), were determined based on physician billing
claims in the year before the index colonoscopy.

"The colonoscopy was considered hospital-based if the date of
the hospital admission record overlapped with the date of the
physician billing claim, and it was considered nonhospital-
based if there was no overlapping hospital admission record.
Hospital-based setting was subdivided into academic or com-
munity hospital based on which hospital institution code was
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used. Consultations by the physician performing the index colo-
noscopy before this repeat colonoscopy were documented.
Cases where no consultations were recorded 12 months before
the index colonoscopy were considered open access.

Analysis

We calculated the descriptive statistics for all covariates
included in the study. Risk of early repeat colonoscopy was
estimated by the Kaplan—-Meier method. To assess the associa-
tion of patient- and endoscopy-related factors with the hazard
of early repeat colonoscopy, we used an extended Cox propor-
tional hazards regression model.”? The patient was the unit of
analysis and time to this event was the outcome. Patients were
censored at time of death, if they were lost to follow-up, if they
had a colon resection, if they received a diagnosis of colorectal
cancer or inflammatory bowel disease, or at the end of follow-up,
depending on which occurred first. Covariates, including
patient age, sex, socioeconomic status (categorized per quintiles
in urban and rural areas), comorbidity (number of categories
with a nonmissing value as a continuous variable), were
obtained at the time of the index colonoscopy. In addition,
data for calendar year, setting (hospital or nonhospital) of the
index colonoscopy, if it was open access, endoscopist specialty

Patients in Ontario aged 50-79 yr
who had a complete colonoscopy
with a negative result between
2000 and 2007
n =622 633

Patients excluded n =57 977

e Missing data n = 656

¢ Death at date of inclusion n =45

¢ Previous diagnosis of IBD n= 7676

® Previous diagnosis of CRC n= 19 643
® Previous bowel resection n= 10995
 Inpatient colonoscopy n= 18 962

\4
Patients who had a complete
colonoscopy with a negative result
n =564 656

Patients excluded n= 18 189

¢ Six months before index colonoscopy
- Had colonoscopy n = 2957

* Six months after index colonoscopy
- Had repeat colonoscopy n = 5120
- Had a diagnosis of IBD n = 1500
- Had a diagnosis of CRC n = 4008
- Had a colon resection n = 2583
- Died n=2021

Y
Patients with eligible complete
colonoscopies with negative results
n =546 467

Figure 1: Flow diagram for the selection of participants for the study.
CRC = colorectal cancer, IBD = inflammatory bowel disease.

E246 CMAJ OPEN, 3(2)

and main practice location of the endoscopist were obtained.
Hazard ratios (HRs) with 95% confidence intervals (95% Cls)
and their associated p values were calculated. Based on the uni-
variate analyses and survival plots, we handled any violation of
the proportional hazards assumptions by incorporating inter-
actions with time into the model.”* Specifically, we included an
interaction with endoscopy-related covariates (setting and
open access) and time, where time was categorized as 6-35
months and 36-66 months after index colonoscopy. For the
analyses, we used SAS version 9.3 (SAS Institute, Inc., Cary,
North Carolina). All statistical tests were 2-sided, and p values
less than 0.05 were considered statistically significant.

Between 2000 and 2007, 622 633 patients aged 50-79 years old
had a complete outpatient colonoscopy with a negative result.
In total, 57 977 patients were excluded because of missing data,
a diagnosis of colorectal cancer or inflammatory bowel disease,
or a colon resection before the index colonoscopy. Furthermore,
patients who had a colonoscopy within 6 months after the index
colonoscopy (before n = 2957, after n = 5120) and those diag-
nosed with colorectal cancer within 6 months after the index
colonoscopy (7 = 10 103) were also excluded. Therefore, the
study cohort included 546 467 patients (Figure 1): 55.4% were
female with a mean age of 61.1 years (95% CI 61.1-61.2). The
number of complete colonoscopies with negative results
increased by year of inclusion (Table 1).

A total of 1002 endoscopists performed at least 1 index colo-
noscopy. Most colonoscopies were performed in a hospital setting
(81.0%) and by general surgeons (53.1%). Most endoscopists
practised only in a hospital (72.4%). For the endoscopists who
performed the index colonoscopy, the median volume for 1 year
was 501 (interquartile range [IQR] 318-716), the completeness
rate was 0.97 and the polypectomy rate was 0.22. Open-access
colonoscopies comprised 34.4%.

During the 5.5-year follow-up period, 18 602 (3.4%) of the
patients died, 653 (0.1%) were given a diagnosis of inflamma-
tory bowel disease and 519 (0.1%) were given a diagnosis of
colorectal cancer or underwent a colon resection (0.4%), and
were censored. The cumulative percentage of early repeat
colonoscopy after 5.5 years based on the Kaplan-Meier analy-
sis was 33.7%. Figure 2A shows the cumulative percentage of
patients with early repeat colonoscopy by year when index
colonoscopy was performed.

Analysis using a Cox proportional hazards regression
model showed patient-related factors, including age 65-69
years old, male sex and greater comorbidity were associated
with early repeat colonoscopy (Table 2). We used age groups
because the relation between age and early repeat colonos-
copy was nonlinear. The rate decreased with every subsequent
index year from 45.6% in 2000 to 20.5% in 2007 (HR 0.35,
95% CI0.34-0.36).

Patients who underwent an index colonoscopy performed
by a general surgeon had a higher risk (HR 1.27, 95% CI
1.25-1.28) of early repeat colonoscopy than if the index colo-
noscopy was performed by a gastroenterologist (Figure 2B).



An index colonoscopy performed in a nonhospital-based set-
ting was more likely to be repeated than one performed in a
hospital (HR 1.05, 95% CI 1.02-1.07). If the index colonos-
copy was performed by an endoscopist practising only in a
nonhospital-based setting, patients were more likely to
undergo early repeat colonoscopy compared with patients
who underwent index colonoscopy performed by an endosco-
pist practising only in a hospital (HR 1.26, 95% CI 1.22-1.30).
The hazard was similar among endoscopists with a mixed
practice and among those with a hospital-based practice (HR
1.00, 95% CI 0.98-1.01).

Colonoscopy performed in a nonhospital-based setting was
more likely to be followed by early repeat colonoscopy (HR
1.05, 95% CI 1.02-1.07) than those performed in a hospital-
based setting. Figure 2C shows that the association between
open-access index colonoscopy and hazard of early repeat colo-
noscopy was not proportional over time. Within 6-35 months
after an index colonoscopy, the risk of an early repeat colonos-
copy for a patient with an open-access index colonoscopy was
higher (HR 1.24, 95% CI 1.21-1.26) than the risk for a patient
with a nonopen-access index colonoscopy. The risk increased
(HR 1.55, 95% CI 1.51-1.59) during the interval 36-66

months after index colonoscopy.

Main results

We found that 33.7% of the patients in the study cohort had
an early repeat colonoscopy within 5.5 years after an index
colonoscopy, substantially earlier than recommended by cur-
rent guidelines.”” Our data showed a lower hazard ratio with
every subsequent year of inclusion. Additionally, endoscopist-
related factors were associated with the probability of early
repeat colonoscopy.

Explanation of findings

One-third of the patients in our cohort had a colonoscopy
within 5.5 years of a colonoscopy with a negative result. More
aggressive follow-up than once every 10 years in low-risk
patients is unlikely to be cost-effective and may even be harm-
ful.'” More efficient use of colonoscopy resources is therefore
required.’* In contrast to the studies involving patients in
Medicare populations,'>!? we included the entire target popu-
lation of Ontario who were eligible for screening (50-79 yr),
which makes our results generalizable. These data add to the
understanding of patient- and endoscopist-related factors
associated with early repeat colonoscopy.

The proportion of patients undergoing early repeat colo-
noscopy decreased from 44% to 20% by 2007. In a US Medi-
care population, a similar trend was seen with 43% of patients
undergoing early repeat colonoscopy from 2001 to 2003 and
23% from 2008 to 2009.!? This reduction over time may sug-
gest greater awareness of current screening guidelines.

A key factor in the patterns of early repeat colonoscopy is
the endoscopist’s recommendation for the timing of repeat
screening.” We found the risk of early repeat colonoscopy
was significantly higher among general surgeons compared
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Table 1: Baseline characteristics for patients, physicians and
institutions at the patient-level at the time of inclusion
No. (%) of patientst
Characteristic n = 546 467
Patient
Year of inclusion
2000 44 376 (8.1)
2001 52 555 (9.6)
2002 59 036 (10.8)
2003 60 007 (11.0)
2004 67 536 (12.4)
2005 74140 (13.6)
2006 87 526 (16.0)
2007 101 291 (18.5)
Age, yr
50-54 139 331 (25.5)
55-59 126 750 (23.2)
60-64 100 667 (18.4)
65-69 79504 (14.5)
70-74 60459 (11.1)
75-79 39756 (7.3)
Sex
Male 243 659 (44.6)
Female 302 808 (55.4)
Comorbidity (JH ADG), median (IQR) 5 (4-6)
Socioeconomic status*
Urban bottom 20th %o 62218 (11.4)
Urban 60th—80th %o 79618 (14.6)
Urban 40th—-60th %o 88385 (16.2)
Urban 20th—40th %o 102 214 (18.7)
Urban top 20th %o 139 977 (25.6)
Rural 73650 (13.5)
Endoscopy
Setting
Community hospital 365 620 (66.9)
Academic hospital 77236 (14.1)
Nonhospital 103 470 (18.9)
Open access 188 175 (34.4)
Endoscopist
Male 501 808 (91.8)
Specialty
General surgeon 290 412 (53.1)
Gastroenterologist 123 268 (22.6)
Internist 122 701 (22.5)
Other 10086 (1.8)
Main practice location
Hospital 395497 (72.4)
Private clinic/office 70730 (12.9)
Mixed 80240 (14.7)
1-year colonoscopy volume, median (IQR) 501 (318-716)
1-year cecal intubation rate, median (IQR) 0.97 (0.94-0.99)
1-year polyp removal rate, median (IQR) 0.22 (0.15-0.29)
Note: Cl = confidence interval, IQR = interquartile range, JH ADG = John
Hopkins aggregated diagnosis groups.
*No data for socioeconomic status in 456 (0.1%) patients. Socioeconomic status
is represented as the median neighbourhood income quintile within the patient’s
postal code area unless rural.
tUnless otherwise specified.
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Table 2: Hazard ratios for a follow-up colonoscopy, by

patient-related factor

Factor

HR (95% Cl)

Year of inclusion
2000
2001
2002
2003
2004
2005
2006
2007
Age, yr
50-54
55-59
60-64
65-69
70-74
75-79
Sex
Male
Female
Comorbidity (JH ADG)
Socioeconomic status*
Urban bottom 20th %o
Urban 60th—80th %o
Urban 40th—60th %o
Urban 20th—40th %o
Urban top 20th %o
Rural
Setting
Hospital
Nonhospital
Open access < 36 mo
No
Yes
Open access > 36 mo
No
Yes
Specialty
Gastroenterologist
General surgeon
Internist
Other
Main practice location
Hospital
Private clinic/office
Mixed

1 (referent)

0.93 (0.91-0.95)
0.85 (0.83-0,87)
0.78 (0.76-0.79)
0.69 (0.68-0.71)
0.62 (0.60-0.63)
0.50 (0.49-0.51)
0.35 (0.34-0.36)

1 (referent)

1.08 (1.07-1.10)

1.17 (1.15-1.19)

1.21 (1.19-1.22)

1.12 (1.10-1.14)

0.91 (0.89-0.93)

1 (referent)
0.90 (0.89-0.91)
1.25 (1.23-1.28)

1 (referent)

1.24 (1.21-1.26)
1.04 (1.02-1.06)
1.04 (1.02—-1.05)
1.02 (1.01-1.04)
1.12 (1.10-1.14)

1 (referent)
1.05 (1.02-1.07)

1 (referent)
1.24 (1.21-1.26)

1 (referent)
1.55 (1.51-1.59)

1 (referent)

1.27 (1.25-1.28)
1.05 (1.03-1.06)
1.21 (1.17-1.25)

1 (referent)
1.26 (1.22-1.30)
1.00 (0.98-1.01)

with gastroenterologists. Patients undergoing a repeat colo-
noscopy after colorectal surgery for cancer by general sur-
geons cannot explain this finding. Patient selection based on
indication for colonoscopy seems unlikely, because surgeons
performed more than 50% of all colonoscopies included in
this study. In keeping with our findings, a survey in the US
reported that a significantly larger proportion of surgeons
compared with gastroenterologists recommended more fre-
quent repeat colonoscopies in low-risk patients than indicated
by the guidelines.” A higher hazard of early repeat colonos-
copy was observed among endoscopists practising in a non-
hospital-based setting only compared with those working in a
hospital-based setting or those working in both settings. Fac-
tors affecting physician behaviour may have included lack of
knowledge of the guideline recommendations,'*!> regional
differences in practice and financial incentives.'’

Open-access index colonoscopy was associated with a higher
hazard of early repeat colonoscopy. Our findings are similar to
a study involving patients undergoing colonoscopy in Spain
that reported shortened screening interval as the most common
reason for an inappropriate colonoscopy in an open-access
endoscopy unit.?¢ This may be explained by inadequate or
incorrect communication between the endoscopist and the
referring physician responsible for continued care and refer-
ral.?’ Adequate reporting systems for endoscopy are therefore
essential, especially because open-access colonoscopies account
for a substantial proportion of all colonoscopies.”®?’ The differ-
ence between open- and nonopen-access colonoscopy was not
proportional over time. The higher hazard after 3 years of fol-
low-up may indicate that a larger proportion of cases after an
open-access colonoscopy had routine scheduling of an early
repeat colonoscopy 35 years after a colonoscopy with a nega-
tive result. We had no reason to believe that independent
patients from the same hospital were correlated with respect to
their receipt of colonoscopy. Hospital- and physician-level fac-
tors could be associated with the hazard of early repeat colonos-
copy; therefore, we adjusted for these variables using an
extended Cox proportional hazards regression model.

Limitations

The administrative data had limitations. We could not deter-
mine the indication for early repeat colonoscopy (e.g., bowel-
specific symptoms). However, substantial complaints (e.g., lower
gastrointestinal bleeding) only account for a small proportion of
all colonoscopies performed.?* The chance of finding important
disease is low in those with minor complaints (e.g., change in
bowel habits) within 10 years of a complete colonoscopy with a
negative result,’ and repeating the colonoscopy should be con-
sidered inappropriate for these patients.*® We did not have data
on family history for the patients included in our cohort. Cur-
rent guidelines recommend repeating a colonoscopy 5 years
after an index colonoscopy with a negative result in patients
meeting the criteria for familial colorectal cancer.” However,

Note: Cl = confidence interval, HR = hazard ratio, JH ADG = John Hopkins
aggregated diagnosis groups.

*Socioeconomic status is presented as the median neighbourhood income
quintile within the patient’s postal code area unless rural.

most early repeat colonoscopies occurred less than 4.5 years
after the index colonoscopy, which could still be considered
inappropriate as the guidelines recommend a 5-year surveillance
interval. Nonetheless, because we could not identify the patients
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with a family history of colorectal cancer, our data may slightly ~ bowel preparation or the resection of a large polyp that was left
overestimate the number of early repeat colonoscopies. Two  in situ during the index colonoscopy.”” In both instances, we
additional reasons for early repeat colonoscopies are inadequate ~ would have incorrectly considered the colonoscopy as being
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Figure 2: Probability of an early repeat colonoscopy in Ontario by (A) year of index colonoscopy, (B) specialty of the
endoscopist and (C) open-access v. nonopen-access colonoscopy. Follow-up started 6 months after the index
colonoscopy.
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complete and having a negative result based on the administra-
tive data, which did not include data on bowel preparation. To
address this potential misclassification, we excluded all patients
with a repeat colonoscopy within 6 months after an index colo-
noscopy. Patients who immigrated within 6 months before the
index colonoscopy might have had a colonoscopy outside of
Ontario during that time period. However, this would be a small
group and likely would not influence our results. Despite these
limitations, it is important to highlight that estimates of repeat
colonoscopy within 5.5 years are a conservative estimate of
actual overuse of colonoscopy, because guidelines recommend a
screening interval of 10 years after a negative examination result.

Conclusion

We showed that there was overuse of repeat colonoscopy after a
complete colonoscopy with a negative result in more than 30%
of patients who were at low risk for colorectal cancer. The prob-
ability decreased significantly between 2000 and 2007, suggest-
ing more awareness of current screening guidelines. Our find-
ings can be used to develop targeted educational interventions
among subgroups of endoscopists with a higher rate of early
repeat colonoscopy. In addition, based on the higher hazard of
early repeat colonoscopy after an open-access colonoscopy,
efforts should be made to improve communication between
endoscopists and referring physicians.
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