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Abstract

Objective: Population-based identification of patients with a myocardial infarction is 
limited to patients presenting to hospital with an acute event. We set out to determine 
if adding physician billing data to hospital discharge data would result in an accurate 
capture of patients who have had a myocardial infarction. 

Methods: We performed a retrospective chart abstraction of 969 randomly selected adult 
patients using data abstracted from primary care physicians on an electronic medical 
record in Ontario, Canada, as the reference standard. 

Results: An algorithm of 3 physician billings in a one-year period with at least one 
being by a specialist or within a hospital or emergency room plus one hospital discharge 
abstract performed with a sensitivity of 80.4% (95% CI: 69.5-91.3), specificity of 98.0% 
(95% CI: 97.1-98.9), positive predictive value of 69.5% (95% CI: 57.7-81.2), negative 
predictive value of 98.9% (95% CI: 98.2% to 99.6%) and kappa statistic of 0.73 (95% 
CI: 0.63-0.83). 

Conclusion: Using a combination of hospital discharge abstracts and physician bill-
ing data may be the best way of assessing trends of MI occurrence over time since it 
increases the capture of MI beyond those patients who have been hospitalized.

Introduction

The validity of using hospital claims data 
to identify myocardial infarction (MI) 
patients compared to hospital records var-
ies depending on where the validation took 
place, what hospital code was assessed and 
how the patient population was selected.1-5 
Similarly, the validity of hospital claims 
data compared to registry data varies 
widely.6-11 Regardless, estimates indicate 
that at least a quarter of all MIs are silent or 
unrecognized.12-15 Some patients have MIs 
out of country or province that, as a result, 
are not captured in a provincial hospital 

discharge abstract database. Since the 
prognosis of silent or unrecognized MIs is 
worse than that of recognized MIs of simi-
lar severity, this has very important clinical 
implications.14,16,17 Previous administrative 
data validation studies have neither looked 
at using outpatient clinic data in a primary 
care or family practice setting nor assessed 
the use of outpatient physician billing 
claims data to identify patients with MIs. 
As a result, when we report on the occur-
rence of MIs within a province or across 
the country, we are restricted to methods 
for reporting acute MIs that present to hos-
pital or that are in mortality records.

All provinces in Canada keep a record of 
both hospitalization data and physician 
billing data. However, physician bill-
ing data only require recording of one  
diagnostic code with each patient visit 
despite that patients often present with 
multiple reasons for a visit and often 
have multiple medical conditions. Vali-
dated algorithms using both physician  
billing data and hospital discharge 
abstracts have been successfully used 
to identify patients with chronic disease 
conditions who do not necessarily require 
hospitalization, such as hypertension18 
and diabetes.19 

Using data from primary care physician 
electronic medical records (EMRs) as a 
reference standard, we set out to deter-
mine if the addition of physician billing 
data to hospital discharge abstracts could 
accurately identify patients who have had 
an MI, which could then be applied to 
determine the occurrence of MI at a popu-
lation level. 

Methods

We collected data from 17 physicians who 
had been using Practice Solutions® EMR 
for at least 2 years; this ensured that their 
EMRs were populated with a full prac-
tice of patients. Data from the EMR were 
extracted from June to December of 2007, 
de-identified, encrypted and then trans-
ferred electronically to the Institute for 
Clinical Evaluative Sciences (ICES) in a 
secure fashion. ICES is a prescribed entity 
under the Personal Health Information 
Protection Act,20 and the data were handled 
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data collection tool that is used to capture 
information on patient visits to hospital and 
community-based ambulatory care, outpa-
tient clinics and emergency departments 
from July 2000 to March 2007. NACRS also 
includes same day surgery procedures as of 
April 2003; prior to this the SDS database 
captured this information. 

We also assessed whether restricting the 
physician billing claim to only those billed 
by a specialist or by a general practitioner/
family physician in a hospital or emergency 
room affected the results.

We calculated the sensitivity of the admin-
istrative data as the proportion of MI 
patients identified according to the refer-
ence standard of manual EMR abstrac-
tion compared to those identified by the 
administrative algorithm. Specificity was 
calculated in the same manner except that 
it was based on individuals without an MI. 
Positive predictive value (PPV) was defined 
as the proportion of MI patients identi-
fied by the administrative algorithm that 
was confirmed by the reference standard, 
and negative predictive value (NPV) was 
defined similarly for patients who did not 
have an MI according to the manual EMR 
abstraction. Since both data sources have 
limitations, we calculated kappa between 
the EMR data and the administrative data. 
All proportions were calculated with 95% 
confidence intervals (CI) using the bino-
mial approximation method in SAS version 
9.1.* All analyses were conducted using 
SAS version 9.1. 

This study received ethics approval from 
the Sunnybrook Health Sciences Centre 
Research Ethics Board.

Results

Of the 969 patients included in our study, 
51 had solid evidence of an MI documented 
in the EMR and 918 did not. On examin-
ing the strength of the evidence for MI, 
excluding patients with only ECG evidence 
or weaker evidence resulted in the highest 
sensitivity (60.8%, 95% CI: 47.4-74.2) with 
the least sacrifice of PPV (88.6%, 95% 
CI: 78.0-99.1) (see Table 1). Accordingly, 

as per ICES’s standard operating pro-
cedures to preserve patient privacy and 
confidentiality.21 

Our convenience sample of 17 physicians 
was 29.4% female, 41.7% in rural practice, 
and all but one in a group practice. The 
average number of years in practice was 
20.5 years (standard deviation [SD] = 10.2) 
and the average length of time using the 
EMR was 7.4 years (SD = 7.3). The aver-
age age of our patient cohort was 49.0 years 
(SD = 17.2) and 53.7% were female.

We took a 5% random sample of the EMR 
patients aged 20 years and over as of Dec 
31, 2006, with valid health card numbers 
and with at least two progress note entries 
in the three years prior to the date the data 
were downloaded. Three trained chart 
abstractors reviewed all of the 969 patient 
records in this random sample up to  
March 31, 2007, and each entry was scored 
to indicate a definite MI, a possible MI, a 
family history of MI, or not an MI. A definite 
MI was defined as having an MI recorded in 
the cumulative patient profile, in a progress 
note, on an electrocardiogram (ECG), in a 
diagnostic test or procedure, or in a hospi-
tal discharge summary, emergency record, 
consultation letter or operative note. The 
resulting abstraction classification for each 
patient was tabulated; patients were clas-
sified as having had an MI if there were 
one or more entries denoting definite 
MI and as a possible MI if there were 
only entries scored as possible MI and 
no entries scored as definite MI. Intra-
observer reliability testing resulted in 
kappa statistic values exceeding 0.80,  
indicating very good agreement; inter- 
observer reliability testing resulted in 
kappa statistic values exceeding 0.85 for all 
comparisons between the three abstractors, 
also indicating very good agreement.

Next, all the MIs that were classified as 
definite or possible were reviewed by a 
physician expert on the research team and 
classified according to the level of evidence 
for MI: 1) solid MI evidence—a hospital 
discharge summary, or a consultation letter 
describing an MI or listing an MI in the past 
medical history, or a catheterization report  

describing complete occlusion of a coro-
nary artery; 2) MIs that were only recorded 
in the cumulative patient profile entered in 
the family physician office; 3) weaker MI 
evidence—MIs that were described in a 
diagnostic test such as an echocardiogram 
(“wall motion abnormality in keeping 
with infarct”) or a sestamibi cardiac scan, 
but not interpreted as depicting an MI as 
reported in a consultation letter; and 4) 
ECG evidence of an MI with no other sup-
porting documentation. The aim of this 
classification was to assess the quality of 
MI evidence in the EMR; sensitivity analy-
sis was performed using differing levels of 
evidence for MI as the reference standard.

Patient health card numbers were replaced 
with a unique identification number and 
anonymously linked to the Ontario admin-
istrative data holdings housed at ICES. 
The data holdings include the Canadian 
Institute for Health Information hospital 
discharge abstract database (CIHI DAD)  
that records the diagnosis most respon-
sible for a hospital admission and up 
to 15 comorbid conditions using the 
International Classification of Diseases 
and Related Health Problems, 9th and 10th 
Revisions (ICD-9 codes 410 and 412 prior 
to fiscal year 2002 and ICD-10 codes I21, 
I22, I25.2 after fiscal year 2002). We used 
the most responsible diagnostic codes or 
any of the secondary diagnostic codes to 
indicate that a patient had had an MI, and 
CIHI data from 1988 until fiscal 2006. 

The random sample of 969 patients became 
the reference standard against which we 
compared various case definitions using 
combinations of data from CIHI, the 
Ontario Health Insurance Plan (OHIP), 
the National Ambulatory Care Reporting 
System (NACRS) and the Same Day Surgery 
(SDS) databases. OHIP physician billing 
claims data records over 95% of the out-
patient visits for the residents of Ontario,22 
as well as the type of physician billing a 
claim (e.g. type 00 = general practitioner 
or family physician) and the location of  
the encounter (i.e. hospital, emergency 
room, out-patient clinic, nursing home); 
OHIP data are available from mid-1991 
until the most recent quarter. NACRS is a 

* http://www.sas.com/
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dropped the sensitivity (84.3%, 95% CI: 
74.3-94.3) but increased the PPV slightly 
more (48.9%, 95% CI: 38.4-59.3) com-
pared to using physician billing claims 
without regard to location of encounter or 
type of physician. Only requiring one of the 
physician billing claims to meet this criteria 
increased the PPV slightly more (65.6%, 
95% CI: 54.0-77.3) with less of a sacrifice 
of sensitivity (82.4%, 95% CI: 71.9-92.8). 
Three physician billing claims in one year 
with at least one of the claims from an 
encounter in a hospital or an emergency 
room or by a specialist resulted in the larg-
est increase in sensitivity (80.4%, 95% CI: 
69.5-91.3) combined with the least sacrifice 
of specificity (98.0%, 95% CI: 97.1-98.9) 
and PPV (69.5%, 95% CI: 57.7-81.2) com-
pared to using a hospital discharge abstract 
alone to identify patients who have had an 
MI (see Table 4). 

Discussion

Similar to other chronic disease conditions 
such as diabetes19 and hypertension,18 this  
validation study shows that physician bill-
ing data help identify patients who have 

we adopted this level of EMR evidence 
to identify patients who have had an MI 
to compare with the accuracy of other 
administrative data sources to identify such 
patients (see Table 2). Generally, we found 
that using hospital discharge abstracts 
alone to identify patients who have had 
an MI was not sensitive enough and likely 
underestimates the true population occur-
rence of MIs. For instance, only 31 of the 
51 patients in our reference group who had 
an MI had a discharge abstract that men-
tioned the MI. 

The results of accuracy tests using second-
ary administrative data sources plus hospi-
tal discharge data are presented in Table 3.  
The small gain in sensitivity with the addi-
tion of NACRS or SDS (62.7%, 95% CI: 
49.5-76.0) was reflected in a similar drop in 
PPV (84.2%, 95% CI: 72.6-95.8), indicating 
that using these administrative databases 
did not contribute to the accuracy of the 
calculations.

Adding a single physician billing claim to 
the hospital discharge abstract substan-
tially increased the sensitivity (86.3%, 

95% CI: 76.8-95.7) but decreased the PPV 
to an unacceptably low rate (41.5%, 95% 
CI: 32.1-50.9). Requiring two physician bill-
ing claims for MI increased the sensitivity 
by 20 percentile points (82.4%, 95% CI: 
71.9-92.8) but dropped the PPV by more 
than 25 percentile points (60.9%, 95% CI: 
49.4-72.4) compared to using the hospital 
discharge abstract alone. Adding an addi-
tional year for the second MI physician 
billing claim to meet the case definition 
did not improve sensitivity (82.4%, 95% 
CI: 71.9-92.8) and slightly decreased PPV 
(59.2%, 95% CI: 47.7-70.6) compared to 
using 2 physician billing claims within one 
year. Requiring a third physician billing 
claim dropped the sensitivity by 2 percen-
tile points (80.4%, 95% CI: 69.5-91.3) but 
increased the PPV by 6 percentile points 
(66.1%; 95% CI: 54.3-77.9) compared to 
using only 2 physician billing claims in a 
one-year period or a hospital discharge 
abstract (see Table 4).

Requiring the physician billing claims to be 
from a specialist or a general practitioner/
family physician with an encounter in a 
hospital or an emergency room slightly 

TAble 1 
Tests of various levels of eMR evidence of MI for use as a reference standard for hospital discharge abstract data

levels of eMR evidence Number
Sensitivity %  

(95% CI)
Specificity %  

(95% CI)
PPV %  

(95% CI)
NPV %  

(95% CI)

Patients with any evidence of an MI 58 53.4 (40.6 - 66.3) 99.6 (99.1 - 100.0) 88.6 (78.0 - 99.1) 97.1 (96.0 - 98.2)

Patients with an MI excluding people with only ECG evidence 56 55.4 (42.3 - 68.4) 99.6 (99.1 - 100.0) 88.6 (78.0 - 99.1) 97.3 (96.3 - 98.4)

Patients with an MI excluding people with only ECG evidence 
or weaker evidence 51 60.8 (47.4 - 74.2) 99.6 (99.1 - 100.0) 88.6 (78.0 - 99.1) 97.9 (96.9 - 98.8)

Patients with an MI excluding people with only ECG evidence, weaker 
evidence, or MI only recorded in the cumulative patient profile 45 62.2 (48.1 - 76.4) 99.2 (98.7 - 99.8) 80.0 (66.7 - 93.3) 98.2 (97.3 - 99.0)

Abbreviations: CI, confidence interval; ECG, electrocardiogram; EMR, electronic medical record; MI, myocardial infarction; N, sample size; NPV, negative predictive value;  
PPV, positive predictive value.

Note: N = 969 (reference sample).

TAble 2 
Patients with an MI excluding people with only eCg evidence or weaker evidence  

versus patients identified by one hospital discharge abstract for MI.

Patients with an MI according to eMR chart abstraction 
excluding people with only eCg evidence or weaker evidence

Positive Negative

Patients with an MI identified by 
a hospital discharge abstract

Positive 31 4 88.6% PPV

Negative 20 914 97.9% NPV

60.8% Sensitivity 99.6% Specificity

Abbreviations: ECG, electrocardiogram; EMR, electronic medical record; MI, myocardial infarction; N, sample size; NPV, negative predictive value; PPV, positive predictive value.

Note: N = 969 (reference sample).
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TAble 3 
Tests of accuracy adding a claim from NACRS or SDS to a hospital discharge abstracta

Administrative data algorithm Sensitivity % 
(95% CI)

Specificity % 
(95% CI)

PPV %  
(95% CI)

NPV %  
(95% CI)

Kappa statistic 
 (95% CI)

Hospital discharge abstract or NACRS 62.7 (49.5 - 76.0) 99.3 (98.8 - 99.9) 84.2 (72.6 - 95.8) 98.0 (97.1 - 98.9) 0.71 (0.60 - 0.82)

Hospital discharge abstract or SDS 60.8 (47.4 - 74.2) 99.6 (99.1 - 100.0) 88.6 (78.0 - 99.1) 97.9 (96.9 - 98.8) 0.71 (0.60 - 0.82)

Hospital discharge abstract or NACRS or SDS 62.7 (49.5 - 76.0) 99.3 (98.8 - 99.9) 84.2 (72.6 - 95.8) 98.0 (97.1 - 98.9) 0.71 (0.60 - 0.82)

Abbreviations: CI, confidence interval; MI, myocardial infarction; NACRS, National Ambulatory Care Reporting System; NPV, negative predictive value; SDS, Same Day Surgery; PPV, posi-
tive predictive value.

a Evidence for MI as documented in a cardiac specialist note or hospital discharge summary, or recorded in the cumulative patient profile (prevalence = 5.3%) as the reference standard.

TAble 4 
Tests of accuracy for physician billing claims added to hospital discharge abstractsa

Administrative data algorithm Sensitivity % 
(95% CI)

Specificity % 
(95% CI)

PPV %  
(95% CI)

NPV %  
(95% CI)

Kappa statistic 
(95% CI)

Prevalence 
estimate (%)

1 hospital discharge abstracta 60.8 (47.4 - 74.2) 99.6 (99.1 - 100.0) 88.6 (78.0 - 99.1) 97.9 (96.9 - 98.8) 0.71 (0.60 - 0.82) 5.3

1 physician billing claim or a hospital discharge 
abstract 86.3 (76.8 - 95.7) 93.2 (91.6 - 94.9) 41.5 (32.1 - 50.9) 99.2 (98.6 - 99.8) 0.53 (0.43 - 0.62) 10.9

2 physician billing claims in 1 year or a hospital 
discharge abstract 82.4 (71.9 - 92.8) 97.1 (96.0 - 98.2) 60.9 (49.4 - 72.4) 99.0 (98.3 - 99.7) 0.68 (0.58 - 0.78) 7.1

2 physician billing claims in 2 years or a hospital 
discharge abstract 82.4 (71.9 - 92.8) 96.8 (95.7 - 98.0) 59.2 (47.7 - 70.6) 99.0 (98.3 - 99.6) 0.67 (0.57 - 0.77) 7.3

3 physician billing claims in 1 year or a hospital 
discharge abstract 80.4 (69.5 - 91.3) 97.7 (96.7 - 98.7) 66.1 (54.3 - 77.9) 98.9 (98.2 - 99.6) 0.71 (0.61 - 0.81) 6.6

1 physician billing claim in a hospital or 
emergency room or by a specialist or a hospital 
discharge abstract 84.3 (74.3 - 94.3) 95.1 (93.7 - 96.5) 48.9 (38.4 - 59.3) 99.1 (98.5 - 99.7) 0.59 (0.49 - 0.69) 9.1

2 physician billing claims in 1 year in a hospital 
or emergency room or by a specialist or a 
hospital discharge abstract 80.4 (69.5 - 91.3) 97.6 (96.6 - 98.6) 65.1 (53.3 - 76.9) 98.9 (98.2 - 99.6) 0.70 (0.60 - 0.80) 6.5

2 physician billing claims in 1 year with at least 
one being in a hospital or emergency room or 
by a specialist or a hospital discharge abstract 82.4 (71.9 - 92.8) 97.6 (96.6 - 98.6) 65.6 (54.0 - 77.3) 99.0 (98.4 - 99.7) 0.71 (0.62 - 0.81) 6.6

3 physician billing claims in 1 year in a hospital 
or emergency room or by a specialist or a 
hospital discharge abstract 78.4 (67.1 - 89.7) 98.1 (97.3 - 99.0) 70.2 (58.3 - 82.1) 98.8 (98.1 - 99.5) 0.73 (0.63 - 0.82) 5.9

3 physician billing claims in 1 year with at least 
one being in a hospital or emergency room or 
by a specialist or a hospital discharge abstract 80.4 (69.5 - 91.3) 98.0 (97.1 - 98.9) 69.5 (57.7 - 81.2) 98.9 (98.2 - 99.6) 0.73 (0.63 - 0.83) 6.1

Abbreviations: CI, confidence interval; MI, myocardial infarction; NPV, negative predictive value; PPV, positive predictive value.

a Evidence for MI as documented in a cardiac-related specialist note or hospital discharge summary, or recorded in the cumulative patient profile (prevalence = 5.3%)  
as the reference standard.
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had a silent or unrecognized MI or an MI 
not recorded in the hospital discharge data 
that would not otherwise be captured. 
Given the detrimental effect of unrecog-
nized MIs on long-term mortality and 
major cardiac events,14,16,17 knowing the 
occurrence of these events in a population 
has important implications for health serv-
ice planning and for assessment of second-
ary treatment and prevention strategies and 
quality measurement. Our findings also 
show that the addition of emergency room 
records does not improve the accuracy of 
identifying patients with an MI; thus prov-
inces without such records would not be at 
a disadvantage in identifying MI patients 
through their administrative data.

Administrative data have the potential to 
facilitate the assessment of MI occurrence 
in a population. Note that the PPV in the 
administrative data algorithms using physi-
cian billing claims may not be high enough 
to avoid the accumulation of false posi-
tives and therefore these may overestimate 
the true occurrence of MI in a population. 
However, given that the sensitivity of these 
algorithms is in the 80% range—suggest-
ing that not all cases are picked up—the 
possible over-reporting may not be that 
high. Further, administrative data are con-
fined to patients who have come in contact 
with the medical system; it is possible that 
there are patients in the general popula-
tion who have had an unrecognized MI but 
who have never sought medical attention 
or had their MI diagnosed by a physician.

It is difficult to compare our findings with 
previous validation studies as they used 
a reference standard derived from either 
hospital charts or clinical patient registries 
based upon hospitalization, and none have 
looked at using physician billing claims to 
identify MIs that did not result in hospitali-
zation. Another Ontario-based validation 
study looked for ICD-10 code I21 for acute 
MI as the most responsible and secondary 
diagnoses and found a sensitivity of 89% 
and PPV of 87% for the most responsible 
diagnosis, but a sensitivity of 78% and 
PPV of 76% when using the hospital chart 
as the reference standard. These results 
are higher than ours since the data sources 
were restricted to patients who were hos-
pitalized for their MI.1 Our results, which 

used physician claims data plus hospital 
discharge abstracts compared to family 
physician charts, performed similarly to a 
study in Australia that used registry data 
as the reference standard and showed a 
sensitivity of 79% and PPV of 66% for 
acute MI using hospital diagnostic codes.10 
Our study also had similar results to one 
in the US that compared hospital coding to 
hospital discharge records as a reference 
standard with a sensitivity of 81% and a 
PPV of 55%.5

Limitations

We only used data from a convenience 
sample of physicians who were on one par-
ticular EMR. We do not know if physicians 
on this particular EMR code differently to 
physicians who are not on an EMR or are 
on a different one. However, it is unlikely 
that the patient population or disease occur-
rence is different for physicians who are on 
an EMR compared to those who are not. 

Second, it is possible that some of the 
weaker evidence for MI or the ECG-only 
evidence may, with time, turn out to 
be real or silent MIs; capture of MIs in 
the EMR may depend on the length of 
time the patient has been on the EMR, 
how well the physician captured historic 
patient medical information in the EMR, 
or when the abnormalities were cap-
tured in relation to the date the EMR data  
were downloaded. 

Third, we were unable to fully apply WHO 
criteria for MI as only the interpretation of 
ECG wave forms are typically captured in 
the EMR; troponin values are also gener-
ally not captured in the EMR. Fourth, data 
were only available from CIHI as of 1988 
and from OHIP as of 1991. Thus patients 
who had an MI before then may not be 
captured in the administrative data. 

Last, our analysis did not take into account 
the 52.1 per 100 000 people who die of an 
MI on the way to the hospital23 as our data 
were confined to patients registered on the 
physician EMR; patients who died may 
have been taken out of the physician EMR.

Nonetheless, data contained within an EMR 
appear to be rich and reasonably compre-
hensive and can be used to validate case 

ascertainment algorithms using administra-
tive data. Using a combination of hospital 
discharge abstracts and physician billing 
data increases the capture of MI beyond 
patients who have been hospitalized and 
may best be used for assessing trends of 
MI occurrence over time. 
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