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Colonoscopy is common, essential for the manage-
ment of gastrointestinal diseases. The procedure has 
important risks, including perforation (0.85/1000), 

bleeding (1.64/1000) and death (0.074/1000).1 Furthermore, 
there is considerable variation in the performance and qual-
ity of colonoscopy,2,3 with attendant consequences for the 
health care system and patients. For example, although 
colon oscopy can be safely and comfortably performed with 
moderate sedation administered by the endoscopist, increas-
ingly in some jurisdictions, anesthesiologists are providing 
deep sedation for the procedure;4–6 however, there are added 
costs6 and potentially complications7,8 associated with this 
practice. Patients are adversely affected by poor-quality 
colonoscopy; such procedures are associated with missed 
colorectal cancers and cancer-related death.9

Initiatives related to colonoscopy practice standards,10,11 
research12,13 and policy14,15 have been implemented to improve 
quality. The use of routinely collected data16 such as health 
administrative data for these purposes is highly attractive as 
they are inexpensive to use and readily available and can be 
captured uniformly across a health care payer or system. These 
data have been used to study and measure the quality of 
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Background: Colonoscopy is used widely, but its quality is highly variable, which may adversely affect patients. Research and 
quality-improvement initiatives in a variety of jurisdictions have sought to address this issue, often supported by the use of health 
administrative data. As these data are generally not collected for these purposes, it is critical to measure their validity before use. 
The aim of this study was to validate health administrative data definitions for 5 key colonoscopy elements through comparison to 
the clinical record.

Methods: In a cross-sectional study, we randomly sampled 1968  colonoscopy and noncolonoscopy procedures performed at 
23 hospitals and 5 nonhospital endoscopy clinics between April 2008 and March 2009 in Ontario. We compared definitions for 
5  key colonoscopy elements (colonoscopy case, colonoscopy setting, colon oscopy completeness, anesthesiologist assistance 
and polypectomy) derived from the health administrative data to the clinical record. We calculated weighted and unweighted sen-
sitivity, specificity and positive predictive value, adjusted for clustering of patients within physicians, for each definition relative to 
the reference standard.

Results: We abstracted 1845 records; in 1282 cases (69.5%), colonoscopy was intended or performed. The weighted sensitivity 
and specificity of colonoscopy case, nonhospital colonoscopy setting and anesthesiologist assistance exceeded 95%. The weighted 
sensitivity for colonoscopy completeness and polypectomy exceeded 95%, but specificity was less than 90%.

Interpretation: Ontario health administrative data definitions for 5 key colonoscopy data elements performed well, with sensitivity 
and specificity values acceptable for use in research and quality-improvement initiatives. In jurisdictions where health administrative 
data are similarly used for research or quality improvement, similar studies could be considered.
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colon oscopy, including completeness,17 type of setting,4,18 
polypectomy rate/adenoma detection rate,9,19 anesthesiologist 
assistance,4–8 complications1,8 and missed cancers.9,18 Health 
administrative data are also used for funding and accountability 
and to measure performance and quality of care by govern-
ment agencies.20 As these data are often collected for other rea-
sons,21,22 it is critical to ensure their validity when using them 
for these purposes. In other jurisdictions, colonoscopy valida-
tion studies have generally focused on procedure indica-
tion;23–25 other aspects of colonoscopy have not been widely 
evaluated. In Ontario, the Institute for Clinical Evaluative Sci-
ences houses health administrative databases containing the 
health care records for the population of Ontario. These data-
bases have been used extensively in colonoscopy research1,4,7,17 
and quality improvement,26 but, to date, they have not been 
validated. The objective of this study was to validate health 
administrative data definitions for 5 key colon oscopy elements: 
colonoscopy case, colonoscopy setting, colon oscopy complete-
ness, anesthesiologist assistance and polypectomy.

Methods

Overview
In this multisite chart abstraction study, we created health 
administrative definitions of 5  colonoscopy data elements: a 
“colonoscopy case,” colonoscopy setting, colonoscopy com-
pleteness, anesthesiologist assistance and polypectomy. We 
compared these definitions to reference standards: clinical 
data obtained via chart abstraction at 23 hospitals and 5 non-
hospital endoscopy clinics in Ontario. For some data ele-
ments, we included more than 1 health administrative defini-
tion and/or more than 1  reference standard (see below and 
Table 1 for detailed descriptions). The clinical data largely 
comprised medical records of complete and incomplete 
colon oscopy procedures but also included gastroscopy and 
flexible sigmoidoscopy procedures to allow estimation of the 
true-negative rate for the case definition of colonoscopy.

Sources of administrative data
We used the Ontario Health Insurance Plan (OHIP) database 
and the Canadian Institute for Health Information databases 
housed at the Institute for Clinical Evaluative Sciences. The 
OHIP database contains physician billing data on inpatient and 
outpatient visits and procedures including colonoscopy since 
1991. The Canadian Institute for Health Information databases 
comprise diagnosis and procedure (both inpatient [Discharge 
Abstract Database] and same-day [Same Day Surgery database]) 
codes for all hospital admissions in Canada since 1988. These 
databases were linked at the individual level by means of an 
encrypted version of the provincial health card number.

Hospital and nonhospital endoscopy clinic sites
We randomly selected 23 hospital and 5 nonhospital facilities 
in Ontario to participate in the study (Figure 2). The hospital 
sites were divided into 4 strata, and from those that performed 
more than 200 colonoscopy procedures in the prior year (n = 
106/115), we selected a random sample from each stratum as 

follows: rural (n = 2), urban and lowest tertile of annual colon-
oscopy volume (n = 8), urban and middle volume tertile (n = 
7), and urban and highest volume tertile (n = 6). With the 
assistance of endoscopy equipment manufacturers, we identi-
fied 34 nonhospital clinics active during the study period. We 
randomly selected 5 clinics from among those who performed 
more than 200 colonoscopy procedures in the prior year and 
indicated willingness to participate in the study (n = 21/34).

Medical record abstraction
We identified all outpatient procedure visits for gastroscopy, 
flexible sigmoidoscopy and colonoscopy at the 28  facilities 
from Apr. 1, 2008, to Mar. 31, 2009, using health administra-
tive data (hospitals) or self-reported billing data (clinics). 
These visits constituted the sampling frame (Figure 2). We 
used OHIP codes to identify procedures as this approach 
allowed identification of procedures performed outside of 
hospitals as well as the stratified sampling for colonoscopy 
procedures described below. Colonoscopy procedures were 
identified with the base code (Z555A), which was common to 
all colonoscopy procedures. From the 144 078 procedures in 
the sampling frame, we then randomly selected 1968 medical 
records for abstraction using a stratified sampling strategy.27 
Briefly, the procedures in the sampling frame were divided 
into 6  strata based on billing data (complete colonoscopy, 
incomplete colonoscopy to descending colon, incomplete 
colonoscopy to splenic flexure, incomplete colonoscopy to 
hepatic flexure, gastroscopy, flexible sigmoidoscopy). We then 
randomly sampled procedures in unique patients from each 
stratum, aiming for our intended sample sizes as described 
below. We deliberately oversampled, expecting missing charts 
at the time of abstraction. The final sample included complete 
colonoscopy procedures (n = 794), incomplete colonoscopy 
procedures (n = 806), gastroscopy procedures (n = 128) and 
flexible sigmoidoscopy procedures (n = 240). Our sampling 
strategy ensured adequate inclusion of less common events, 
such as incomplete colonoscopy, while maintaining a sample 
size feasible for medical record abstraction.

At the 28 sites, trained medical record abstractors from the 
Institute for Clinical Evaluative Sciences, blinded to the 
administrative data, abstracted from 3  prespecified sources 
(the endoscopist’s procedure note, the anesthesiologist’s 
record and the pathologist’s record) using a standardized data 
collection protocol. The abstractors collected the data in a 
standardized fashion using a customized data collection plat-
form residing on encrypted laptop computers. The data were 
then transmitted from each site to the Institute for Clinical 
Evaluative Sciences via a secure virtual private network. If the 
endoscopist’s procedure note could not be found at the sites 
or if the dates for the procedure found in the medical record 
at abstraction did not agree with those in the administrative 
data, the case was excluded.

Cohort creation
We created 3 cohorts for the analyses. The first cohort com-
prised all successfully abstracted medical records and was used 
to assess the health administrative data definition for 
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OHIP definition SpecificitySensitivity

1. Z555A ± other E codes 

2. Z555A + E740A ± other E codes 

3. Z555A + E740A + E741A ± other E codes 

4. Z555A + E740A + E741A + E747A ± other E codes 

5. Z555A + E740A + E741A + E747A + E705A  

6. Z555A + E741A ± other E codes 

7. Z555A + E747A ± other E codes 

8. Z555A + E705A ± other E codes 

9. Z555A + E740A + E747A ± other E codes 

10. Z555A + E740A + E705A ± other E codes 

11. Z555A + E741A + E747A ± other E codes 

12. Z555A + E741A + E705A ± other E codes 

13. Z555A + E747A + E705A ± other E codes 

14. Z555A + at least 1 of E740A, E741A, E747A or E705A 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Sensitivity (95% CI) Specificity (95% CI)

98.6 (97.4–99.8) 81.6 (76.3–86.9)

97.0 (95.4–98.5) 88.6 (83.5–93.7)

95.9 (94.3–97.5) 95.5 (90.7–100)

93.3 (91.5–95.1) 96.0 (91.2–100)

40.9 (34.1–47.8) 96.5 (91.6–100)

96.3 (94.9–97.7) 95.5 (90.7–100)

93.7 (92.0–95.3) 96.0 (91.2–100)

41.4 (34.6–48.2) 96.5 (91.6–100)

93.3 (91.5–95.1) 96.0 (91.2–100)

41.0 (34.2–47.8) 96.5 (91.6–100)

93.7 (92.0–95.3) 96.0 (91.2–100)

41.4 (34.6–48.2) 96.5 (91.6–100)

41.3 (34.5–48.1) 96.5 (91.6–100)

97.3 (96.0–98.7) 88.6 (83.5–93.7)

Figure 1: Weighted sensitivity and specificity of 14 administrative data definitions using Ontario Health Insurance Plan (OHIP) codes of colonoscopy 
case compared to the reference standard of colonoscopy intended or performed according to the medical record. Note: CI = confidence interval.

Table 1: Description of the cohorts, administrative data definitions and reference standards for 5 colonoscopy data elements

Element Cohort description, size Administrative data definition Reference standard

Colonoscopy case All successfully abstracted 
charts, n = 1845

OHIP codes: Z555A alone or in combination with 
any of: E740A, E741A, E747A or E705A
14 of the most clinically plausible combinations 
were evaluated (see Figure 1 for the specific codes 
included in each definition)

Colonoscopy was performed, 
or there was intent to perform 
colonoscopy according to 
endoscopist’s procedure note*

Nonhospital clinic Charts in which 
colonoscopy was intended 
or performed, n = 1282

1.  OHIP code E649A billed on date of colonoscopy
2. No record in CIHI database overlapping with date 
of colonoscopy according to OHIP database (i.e., 
no record of procedure’s being done in hospital)
3. OHIP code E649A and no overlapping record in 
CIHI database

Presence of endoscopist’s 
procedure note in nonhospital 
facility chart

Anesthesiologist 
assistance

Charts in which 
colonoscopy was intended 
or performed, n = 1282

OHIP codes for anesthesia (003C or procedure 
code with “C” suffix [see supplementary tables, 
Appendix 1, available at www.cmajopen.ca/
content/6/3/E330/suppl/DC1]) billed on date as 
colonoscopy in same patient

1. Presence of anesthesiologist 
record in chart regardless of 
type of sedating agent
2. Use of propofol as sedating 
agent according to 
anesthesiologist’s record†

Colonoscopy 
completeness‡

Charts in which procedure 
billed with colonoscopy 
codes, and colonoscopy or 
flexible sigmoidoscopy 
was intended,§ n = 1477 
(administrative data 
definition 1), n = 1016 
(administrative data 
definition 2)

1. OHIP code E747A (to cecum) or E705A (to 
terminal ileum) billed among colonoscopy 
procedures defined using most sensitive definition 
(Z555A ± other E codes)
2. OHIP code E747A or E705A billed among 
colonoscopy procedures defined using most 
accurate definition (Z555A + E741 ± other E codes)

Colonoscopy “intended” and 
“complete” according to 
endoscopist’s procedure note

Polypectomy¶ Charts in which 
colonoscopy was intended 
or performed,** n = 1256 
(reference standard 1), 
n = 1252 (reference 
standard  2)

1.  OHIP code Z571A alone
2. OHIP code Z571A, Z570A or E685A
3. OHIP code Z571A, Z570A, E685A or E717A

1. Polyp visualized or 
polypectomy described 
according to endoscopist’s 
procedure note
2. Adenoma, advanced 
adenoma or sessile serrated 
polyp according to pathologist’s 
report††

Note: CIHI = Canadian Institute for Health Information, OHIP = Ontario Health Insurance Plan.
*Completed by the endoscopist; includes a description of the procedure, including findings.
†Completed by the anesthesiologist; record of anesthetic administered during the procedure.
‡Procedures intended as flexible sigmoidoscopy for which E747A or E705A was billed were classified as false-positive. Procedures intended as flexible sigmoidoscopy for 
which E747A and E705A were not billed were classified as false-negative.
§Excluding those with prior total colectomy or right hemicolectomy.
¶Because the histologic findings of the polyp are not available in administrative databases, we could not define adenoma using these data.
**Excluding those with missing data for reference standard.
††Report on the histologic findings of specimens, such as polyps, obtained at colonoscopy.
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colonoscopy case. The second cohort comprised medical 
records in which colonoscopy or flexible sigmoidoscopy was 
intended and colonoscopy codes were billed; we used this 
cohort to evaluate the definition for colonoscopy completeness. 
Ontario physicians bill colonoscopy per segment reached; this 
data structure allows measurement of colonoscopy complete-
ness.17 Although there is a separate code for flexible sigmoidos-
copy, anecdotally, colonoscopy codes are often used to bill this 
procedure as remuneration is better. As this practice may result 
in misclassification of incomplete colonoscopy procedures 
when Ontario administrative data are used, we included flexible 
sigmoidoscopy procedures billed with colonoscopy codes in 
the cohort. We excluded patients with prior total colectomy or 
right hemicolectomy, as these patients are typically excluded 
when administrative data are used to measure colonoscopy 
completion. Finally, the third cohort comprised medical charts 
in which colonoscopy was intended or performed and was used 
to test the remaining 3 colonoscopy data elements (colonos-
copy setting, anesthesiologist assistance and polypectomy).

Administrative data definitions and reference 
standards for colonoscopy data elements
Descriptions of administrative data definitions and refer-
ence standards for each data element are given in Table 1. 

There were 14 alternative definitions for colonoscopy case 
because of the structure of OHIP colonoscopy codes: a 
base code (Z555A) must be used indicating that the scope 
was inserted to the level of the descending colon. Up to 
4  additional “E” codes are then used for every additional 
segment of colon or terminal ileum visualized. Figure 1 
provides a listing of the specific OHIP codes used in each 
definition. We evaluated colonoscopy completeness using 
2  definitions of colonoscopy case: achieving the cecum or 
terminal ileum among 1) colon oscopy procedures identified 
using the most sensitive definition and 2) those identified 
using the most accurate definition, based on the analyses 
described below.

We compared health administrative data definitions to rel-
evant reference standards obtained via chart abstraction by the 
chart abstractors. The reference standard for colon oscopy 
case was the intent to perform or performance of a colonos-
copy according to the endoscopist’s procedure note in the 
medical record at the institution where the colonoscopy was 
performed. The “intention to perform a colonoscopy” crite-
rion allows the distinction of an incomplete colonoscopy from 
a flexible sigmoidoscopy. There were 2  reference standards 
for anesthesiologist assistance (presence of anesthesiologist 
record, indicating an anesthesiologist attended the procedure, 

Facilities performing colonoscopy 
in Ontario
n = 149  

• Hospitals  n = 115
• n = 34

Excluded  n = 24
• Performed ≤ 200 colonoscopy procedures in prior year

n = 9 hospitals, 2 nonhospital clinics
• Did not agree to participate  n = 13 nonhospital clinics

Randomly selected facilities
n = 28

• Hospitals  n = 23
• Nonhospital clinics  n = 5

Eligible facilities 
n = 125 

• Hospitals  n = 106
• Nonhospital 

Nonhospital clinics 

clinics  n = 19

Sampling frame: all outpatient 
procedures performed in the 28 facilities 

 n = 144 078

Sample
n = 1968

• Complete colonoscopy procedures  n = 794
• Incomplete colonoscopy procedures  n = 806
• Flexible sigmoidoscopy procedures  n = 240
• Gastroscopy procedures  n = 128

Medical records successfully abstracted 
n = 1845 

Excluded  n = 123
• Medical records not found  n = 36 
• Endoscopist’s procedure note not found 

n = 73
• Dates did not match  n = 5 
• Records could not be linked to health 

administrative data  n = 9 

Figure 2: Flow chart showing sampling of facilities and procedures.
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and propofol use documented in anesthetic record or endos-
copist’s procedure note) and for polypectomy (polyp docu-
mented by endoscopist and histologic confirmation of ade-
noma, including advanced adenoma, or sessile serrated 
adenoma/polyp documented). We included 2 reference stand-
ards for these data elements as anesthesiologist assistance and 
polypectomy are often used as surrogates for the use of 
propofol and adenomas, respectively. Reference standards 
were not validated; however, the medical record is generally 
considered an acceptable reference standard for studies vali-
dating health administrative data.28 The specific OHIP billing 
codes used and their definitions are given in Supplementary 
Tables A1–A3, Appendix 1.

Sample size
We performed a sample size calculation a priori for the key 
data elements of colonoscopy case and colonoscopy complete-
ness. Using methods for 2-sided binomial tests,29 we estimated 
that we would need at least 600 complete colonoscopy cases, 
600  incomplete colonoscopy cases and 300 noncolonoscopy 
cases to have over 80% power (α = 0.05) to detect an absolute 
difference of at least a 4% in coding accuracy (assuming a 
coding accuracy proportion, determined by comparing the 
medical record data with the administrative data, of 0.85) 
within each group.

Statistical analysis
We calculated sensitivity and specificity with 95% confi-
dence intervals for each administrative data definition rela-
tive to the relevant reference standard. We adjusted the 
95% confidence limits for clustering of patients within 
physicians using the Taylor series expansion method.30 
Because we oversampled incomplete colonoscopy proce-
dures, we performed both unweighted and weighted analy-
ses, where the weights reflected the distribution of proce-
dures in the sampling frame relative to those in the sample. 
Weighted results are presented unless there was important 
variation between weighted and unweighted results. For 
colonoscopy case, we created a receiver operating curve by 
plotting the sensitivity (on the y-axis) and 1-specificity (on 
the x-axis) for the 14 definitions. We defined the definition 
located in the upper left-hand corner of this curve as the 
most accurate as per the Youden method.31 We performed 
all sampling and analyses using SAS version 9.3 (SAS Insti-
tute, Inc.).

Ethics approval
Ethics approval was obtained from the Sunnybrook Health 
Sciences Centre Research Ethics Board as well as from the 
research ethics boards at the 23 hospitals where chart abstrac-
tion was performed.

Results

Among the 1968 randomly selected endoscopy procedures, 
1845 charts (93.8%) were successfully abstracted (see Figure 2 
for exclusions). Colonoscopy was intended or performed in 

1282 (69.5%) of the 1845 cases. About 25% of patients under-
going the included procedures were less than age 50  years, 
and over half were women; 284 procedures (15.4%) were per-
formed in nonhospital endoscopy clinics (Table 2). Seven to 
153  charts were abstracted per hospital, and 31–86  charts 
were abstracted per clinic.

Table 2: Patient and procedure characteristics for all 
successfully abstracted charts and for charts in which 
colonoscopy was intended or performed

Characteristic

No. (%) of charts*

All abstracted 
charts

n = 1845

Colonoscopy 
intended or 
performed
n = 1282

Age group, yr

    < 50 469 (25.4) 251 (19.6)

    50–59 517 (28.0) 395 (30.8)

    60–69 430 (23.3) 327 (25.5)

    70–74 174 (9.4) 134 (10.4)

    > 74 255 (13.8) 175 (13.6)

Sex

    Female 986 (53.4) 709 (55.3)

    Male 859 (46.6) 573 (44.7)

Procedure(s) performed†

    Colonoscopy only 1143 (62.0) 1125 (87.8)

Gastroscopy only 45 (2.4) ≤ 5

    Flexible sigmoidoscopy only 432 (23.4) ≤ 5

Colonoscopy + gastroscopy 200 (10.8) 151 (11.8)

Flexible sigmoidoscopy 
+  gastroscopy

12 (0.6) ≤ 5

Colonoscopy + other 
procedure

≤ 5 ≤ 5

Flexible sigmoidoscopy 
+  other procedure

≤ 5 0 (0)

    Other procedure only 6 (0.3) 0 (0)

Median neighbourhood income quintile‡

    1 (lowest) 300 (16.3) 205 (16.0)

    2 331 (17.9) 225 (17.6)

    3 337 (18.3) 233 (18.2)

    4 393 (21.3) 265 (20.7)

    5 (highest) 474 (25.7) 348 (27.1)

    Missing 10 (0.5) 6 (0.5)

Setting

    Nonhospital clinic 284 (15.4) 216 (16.8)

    Hospital 1561 (84.6) 1066 (83.2)

*To ensure confidentiality, counts of 5 or less are suppressed.
†Based on findings at chart abstraction.
‡Median annual neighborhood household income at the level of enumeration 
area,obtained from Statistics Canada, was linked to patient postal code.
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Colonoscopy case
We evaluated 14 definitions of a colonoscopy case (Figure 1, 
Figure 3). The most sensitive definition was the base colon-
oscopy code, Z555A, with or without 1 or more additional E 
codes. However, this definition was also the least specific. The 
most accurate definition was the base code plus the code “to 
hepatic flexure” (E741A), with or without additional E codes. 
Positive predictive values exceeded 95% for all definitions 
(Table 3).

Nonhospital clinics
All 3 administrative data definitions for nonhospital clinic set-
ting were found to have sensitivity, specificity and positive 
predictive values in excess of 95% (Figure 4, Table 3). The 
first 2 definitions applied criteria using OHIP codes alone or 
Canadian Institute for Health Information codes alone; when 
used simultaneously, there was minor loss of sensitivity.

Colonoscopy completeness
The sensitivity and specificity for colonoscopy completeness 
differed depending on the definition of colonoscopy case and 
whether they were weighted or unweighted (Figure 4). 
Regardless of the colonoscopy case definition, the weighted 
sensitivity exceeded 95% and the weighted specificity was 
poor (< 80%). All unweighted estimates were about 95% or 
higher, with 1 exception: the unweighted sensitivity using the 
most sensitive colonoscopy definition was 70.2%. Positive 
predictive values exceeded 95% for all definitions (Table 3).

Anesthesiologist assistance
The sensitivity and specificity of the administrative data defi-
nition for anesthesiologist-assisted colonoscopy exceeded 
95% with either presence of anesthesiologist record or the use 
of propofol as a sedating agent (Figure 4) as the reference 
standard. Positive predictive values were less robust (83.8% 
and 77.2%, respectively) (Table 3).
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Figure 3: Receiver operating curve of the 14 definitions for colonos-
copy case. Upper left point of curve corresponds to Ontario Health 
Insurance Plan (OHIP) definition 6: OHIP codes Z555A + E741A ± 
other E codes.

Table 3: Positive predictive values of OHIP definition of 
colonoscopy, nonhospital setting, colonoscopy 
completeness, anesthesiologist assistance and polypectomy 
compared to reference standards

OHIP definition PPV (95% CI)

Colonoscopy case

1. Z555A ± other E codes 96.4 (95.2–97.6)

2. Z555A + E740A ± other E codes 97.7 (96.6–98.8)

3. Z555A + E740A + E741A ± other E codes 99.1 (98.0–100)

4. Z555A + E740A + E741A + E747A ± other E 
codes

99.1 (98.1–100)

5. Z555A + E740A + E741A + E747A + E705A 98.3 (96.0–100)

6. Z555A + E741A ± other E codes 99.1 (98.1–100)

7. Z555A + E747A ± other E codes 99.2 (98.1–100)

8. Z555A + E705A ± other E codes 98.3 (96.0–100)

9. Z555A + E740A + E747A ± other E codes 99.1 (98.1–100)

10. Z555A + E740A + E705A ± other E codes 98.3 (96.0–100)

11. Z555A + E741A + E747A ± other E codes 99.2 (98.1–100)

12. Z555A + E741A + E705A ± other E codes 98.3 (96.0–100)

13. Z555A + E747A + E705A ± other E codes 98.3 (96.0–100)

14. Z555A + 1 or more of E740A, E741A, 
E747A or E705A

97.7 (96.6–98.8)

Nonhospital setting

1. E649A billed on date of colonoscopy 100 (100–100)

2. No record in CIHI database overlapping with 
date of colonoscopy according to OHIP 
database

100 (100–100)

3. E649A and no overlapping record in CIHI 
database

100 (100–100)

Colonoscopy completeness, defined using 
most sensitive colonoscopy definition

1. Weighted analysis results 99.0 (98.3–99.7)

2. Unweighted analysis results 99.0 (98.3–99.7)

Colonoscopy completeness, defined using 
most accurate colonoscopy definition

1. Weighted analysis results 99.0 (98.3–99.7)

2. Unweighted analysis results 99.0 (98.3–99.7)

Anesthesiologist assistance

1. v. “anesthesiologist’s record” 83.8 (71.5–96.0)

2. v. “use of propofol” 77.2 (64.3–90.1)

Polypectomy

v. “polyp seen or removed”

    1. Z571A alone 99.0 (97.7–100)

    2. Z571A, Z570A or E685A 98.7 (97.3–100)

    3. Z571A, Z570A, E717A or E685A 79.2 (74.3–84.2)

v. “histology”

    1. Z571A alone 68.1 (62.2–74.1)

    2. Z571A, Z570A or E685A 64.1 (58.1–70.2)

    3. Z571A, Z570A, E717A or E685A 49.7 (44.4–55.0)

Note: CI = confidence interval, CIHI = Canadian Institute for Health Information, 
OHIP = Ontario Health Insurance Plan, PPV = positive predictive value.
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Polypectomy
Three administrative data definitions of polypectomy were 
compared to 2  reference standards, polyp documented by 
endoscopist and histologic confirmation of adenoma, or ses-
sile serrated adenoma/polyp documented (Figure 4). Using 
more codes improved sensitivity but worsened specificity. 
These definitions were more sensitive but less specific when 
the reference standard was histologic confirmation of ade-
noma versus polyp seen/removed. Positive predictive values 
were higher when the reference standard was polyp docu-
mented versus histologic confirmation of adenoma (Table 3).

Interpretation

We found that health administrative data definitions of colon-
oscopy case, colonoscopy setting and anesthesiologist assis-
tance performed well compared to the medical record. The 
weighted definitions of colonoscopy completeness were sensi-
tive but not specific. The definitions of polypectomy per-
formed less well for the identification of the more clinically 
relevant reference standard, histologically significant polyps, 
than they did for polyp documented by endoscopist.

In the current study, the most accurate definition of colon-
oscopy incorporated codes indicating that the endoscopist 
reached the hepatic flexure. However, in practice, other defini-
tions may be used depending on context, e.g., for studies on 
perforation (as the procedure may be aborted if perforation is 
recognized).7 Li and colleagues32 also found that health admin-
istrative data identified colonoscopy procedures accurately.

The weighted and unweighted results for colonoscopy 
completeness differed. The weighted results should be more 
valid than the unweighted results as long as the distribution of 
procedures in our sampling frame is representative of the dis-

tribution in the underlying population. The weighted results 
for colonoscopy completeness indicate that the administrative 
data definitions are sensitive but less specific, which would 
occur if the endoscopist billed for a complete colonoscopy 
procedure but, in fact, the procedure was not complete. In a 
study of 15 168  colonoscopy procedures in which Medicare 
claims were matched to records in the Clinical Outcomes 
Research Initiative database, the Medicare data also failed to 
identify incomplete colonoscopy procedures accurately.33

We found that the administrative data definition compris-
ing codes for removal of a polyp 3 mm or larger, for fulgura-
tion and for removal of polyps greater than 3 cm was highly 
specific, but the sensitivity was 76.9%. This specificity value is 
comparable to that reported in the study of Medicare data33 
and in a study from Quebec;34 however, the sensitivity values 
reported in those 2  studies were better (92% and 86%, 
respectively). In the current study, this administrative data 
definition performed reasonably well for the clinically relevant 
reference standard of adenoma or sessile serrated adenoma/
polyp, although the false-negative and false-positive rates 
were 20% and 13%, respectively.

Strengths and limitations
Strengths of our study include chart abstraction by trained, 
blinded abstractors who used a standardized data collection 
tool, a large sample that was representative of regional and 
facility differences, and use of a rigorous sampling strategy 
that randomly selected institutions and procedures and 
ensured adequate inclusion of rare events. However, the latter 
approach, which necessitates the use of weighted cases, also 
introduces a potential limitation, as inaccuracies may occur if 
the selected cases are not representative of the underlying 
sampling frame. Although we sampled procedures from 

Sensitivity (95% CI) Specificity (95% CI)

99.0 (97.5–100) 100 (100–100)

99.9 (99.5–100) 100 (100–100)

98.8 (97.3–100) 100 (100–100)

95.9 (95.1–96.7) 79.6 (78.1–81.1)

70.2 (66.1–74.4) 97.5 (97.3–97.7)

99.5 (99.4–99.6) 64.2 (60.6–67.7)

94.6 (93.8–95.5) 94.9 (94.2–95.7)

99.8 (99.6–100) 96.9 (94.9–98.9)

99.8 (99.5–100) 95.7 (93.6–97.9)

67.2 (60.1–73.8) 99.7 (99.1–100)

76.9 (71.7–82.0) 99.5 (98.9–100)

92.8 (89.9–95.6) 86.5 (82.6–90.3)

74.4 (66.9–81.9) 90.2 (87.7–92.7)

80.5 (74.6–86.4) 87.3 (84.5–90.1)

94.0 (90.6–97.4) 73.1 (68.8–77.4)

Sensitivity Specificity

Nonhospital setting

1. OHIP code E649A billed on date of colonoscopy

2. No record in CIHI overlapping with date of colonoscopy  
    according to OHIP

3. E649A and no overlapping record in CIHI

Completeness, using most sensitive colonoscopy definition

Weighted analysis results

Unweighted analysis results

Completeness, using most accurate colonoscopy definition

Weighted analysis results

Unweighted analysis results

Anesthesiologist assistance

v. anesthesiologist record

v. use of propofol

Polypectomy

v. polyp seen or removed

1. Z571A alone

2. Z571A, Z570A or E685A

3. Z571A, Z570A, E717A or E685A

v. histology

1. Z571A alone

2. Z571A, Z570A or E685A

3. Z571A, Z570A, E717A or E685A

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Figure 4: Sensitivity and specificity of nonhospital setting, colonoscopy completeness, anesthesiologist assistance and polypectomy compared 
to reference standards. Note: CI = confidence interval, CIHI = Canadian Institute for Health Information, OHIP = Ontario Health Insurance Plan.
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2008/09, our findings remain relevant, as recent studies on 
colonoscopy in Ontario used data from this year and earlier 
years.7,35 In addition, although some new codes for anesthesi-
ologist assistance and colonoscopy (by colonoscopy indica-
tion) have been introduced, none of the codes we validated 
have been removed, and the structure of the codes remains 
the same (see Supplementary Table A3, Appendix 1, for an 
explanation of the changes). We would expect minimal effect 
on the test characteristics reported above as long as these new 
codes are included where relevant in the administrative data 
definitions above. As some of the clinics we approached did 
not agree to participate, there is a risk of volunteer or selec-
tion bias if the nonparticipating clinics were more likely than 
the participating clinics to code inaccurately, which would 
make our algorithms less accurate. However, as the nonpartic-
ipating clinics would have contributed a small number of 
colonoscopy procedures to the total sample, any effect would 
have been small. Cases were excluded from analysis if the 
medical record could not be located, if the endoscopist proce-
dure note could not be located at the time of chart abstrac-
tion, if the dates did not match or if records could not be 
linked to administrative data, and cases were excluded from 
the polypectomy analyses if the pathology report could not be 
located. Given the small proportion of cases in which these 
records were missing, we expect that the impact on our find-
ings is small.

Conclusion
We rigorously validated 5 colonoscopy data elements that are 
routinely used in health administrative data studies of colon-
oscopy, for quality-assurance purposes and to guide health 
policy. Validation enhances the credibility and transparency of 
studies using health administrative data, which is important 
for uptake of findings36 by scientific and policy consumers and 
for application of algorithms by other scientists.28 We expect 
that our findings will be of interest to scientists and policy-
makers interested in using health administrative data to study 
and improve the quality of colonoscopy.
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