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Health care administrative databases, such as those 
maintained by the Centers for Medicare and Med-
icaid Services in the United States and by provin-

cial and federal agencies in Canada and other countries, are 
extremely useful for assessing the population-level burden of 
disease and examining issues related to access, costs and 
quality of care.1–5 In these databases, the diagnoses and pro-
cedures are coded with the use of the World Health Organi-
zation International Classification of Diseases (ICD).6 As of 
October 2015, all developed countries, including the US, are 
using version 10 of the ICD. Because the World Health 
Organization permits its member countries to add country-
specific diagnosis codes or specify conditions using subcodes 
in ICD-10, several countries have developed their own ICD-
10 versions.

The incidence and clinical characteristics of patients pre-
senting with ST-elevation myocardial infarction (STEMI) 
and those of patients with non–ST-elevation myocardial 

infarction (non-STEMI) vary greatly.7,8 These differences 
underline the importance of accurately classifying acute myo-
cardial infarction (MI) subtypes when examining patient out-
comes. Historically, owing primarily to limitations in coding 
algorithms, studies using administrative data to examine treat-
ment and outcomes of acute MI have grouped STEMI and 
non-STEMI together.9,10 However, the improved ICD-10 
codes distinguish between patients with STEMI and those 
with non-STEMI.11 In April 2007, the Canadian version of 
ICD-10 introduced secondary diagnosis codes for cardiovas-
cular function based on the electrocardiogram (ECG) find-
ings.12 It is not known whether these supplementary codes are 
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Background: Health care administrative databases are useful for assessing the population-level burden of disease and examining 
issues related to access, costs and quality of care. In these databases, the diagnoses and procedures are coded with the use of the 
World Health Organization International Classification of Diseases (ICD). We examined the validity of 2 ICD-10 coding definitions for 
categorizing patients with acute myocardial infarction (MI) as having ST-elevation MI (STEMI) or non–ST-elevation MI (non-STEMI).

Methods: Charts of patients with acute MI discharged between April and June 2007 from 3 hospitals in Edmonton, were reviewed 
to define the acute MI subtype (i.e., STEMI v. non-STEMI). The agreement between clinician chart review and STEMI/non-STEMI 
classification based on the standard (ICD-10 I21.x) and the supplementary electrocardiogram (ECG) codes (R94.3x) was deter-
mined. We assessed the effect of these alternative definitions on in-hospital mortality estimates by applying them to the data for all 
patients with acute MI admitted to hospital in the province from April 2007 to March 2010.

Results: Of the 297 patients, 49.2% were identified as having STEMI based on chart review, 44.4% using the standard definition, 
and 44.1% using the ECG definition. Both the standard and ECG definitions provided high agreement (92% for STEMI and 100% for 
non-STEMI) with the chart review classification. In the larger population-level cohort (n = 15 148), use of the standard definition or the 
ECG definition did not affect in-hospital mortality estimates for patients with STEMI and those with non-STEMI.

Interpretation: The standard definition appears equivalent to the definition using supplementary ECG codes to subcategorize patients 
with acute MI as having STEMI or non-STEMI. These findings may be relevant for the development of later versions of ICD codes.
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more accurate than the standard ICD-10 codes in differentiat-
ing between the acute MI subtypes.

The primary objective of our study was to evaluate the 
agreement between chart review by clinicians and the 
standard definition (based on ICD-10 Q-wave codes alone) 
and ECG definition (based on supplementary ECG codes) for 
classifying STEMI and non-STEMI. We also examined the 
extent to which in-hospital mortality estimates were affected 
by the use of the alternative definitions.

Methods

Defining STEMI and non-STEMI in chart data
The charts of all patients discharged from hospital with a diag-
nosis of acute MI in Edmonton (population of about 1 mil-
lion), undergo review by a trained chart abstractor. This 
review is conducted as part of a dedicated quality-assurance 
program linked to the Vital Heart Response clinical program. 
This program is a regional reperfusion program focused on 
delivering expeditious evidence-based care to patients with 
STEMI.

To validate the standardized chart abstraction process and 
confirm appropriate patient selection, we obtained the charts of 
all patients discharged between Apr. 1 and June 30, 2007, from 
the 3 major hospitals in the Vital Heart Response program. 
The charts of patients with a diagnosis of acute MI were inde-
pendently abstracted to obtain an approximately equal sample 
of patients identified as having STEMI and non-STEMI. The 
ECGs were then blinded. Subsequently, 2 experienced clini-
cians (S.S. and W.T.) interpreted the 12-lead ECG and 
reviewed peak myocardial enzymes to determine the clinical 
diagnosis of non-STEMI versus STEMI.13 If the 2 physicians 
disagreed on the diagnosis, a third physician (R.C.W.) read the 
ECG to determine STEMI or non-STEMI. The classification 
of acute MI subtype based on clinician chart review was used as 
the reference standard.

Defining STEMI and non-STEMI in administrative 
data
We used 2 definitions to categorize patients with acute MI as 
having STEMI or non-STEMI. The standard definition was the 
presence of the following codes in the primary diagnosis field: 
ICD-10 codes I21.0–3 for STEMI and I21.4x for non-STEMI.

A patient presenting with an ECG indicative of STEMI 
can progress to Q-wave MI, a non–Q-wave MI or an aborted 
MI, whereas those with no ST-elevation on the ECG are con-
sidered to have non-STEMI and can progress only to non–Q-
wave MI or unstable angina.12 This means that all patients 
with a code for Q-wave MI (I21.0–3) should have STEMI, 
but some with a code for non–Q-wave MI (I21.4x) could also 
have STEMI. Thus, the supplementary ECG codes that can 
distinguish between ECG results suggestive of STEMI 
(R94.30) or non-STEMI (R94.31) could be useful in accu-
rately categorizing patients into the 2 subtypes.12 The ECG 
codes were introduced in April 2007 in Canada, and therefore 
we used the charts of patients who were discharged from the 3 
hospitals between April and June 2007. In our study, the ECG 

definition to categorize patients with acute MI as having 
STEMI or non-STEMI was the presence of ICD-10 code 
R94.30 in any diagnosis field for STEMI and ICD-10 code 
R94.31 in any diagnosis field for non-STEMI.

Statistical analysis
We linked the chart data with hospital discharge abstract data 
from April to June 2007 using the unique identifier of per-
sonal health number. The discharge abstract data include age, 
sex, length of stay, up to 25 diagnoses, up to 16 procedures 
and discharge status. We extracted these linked Discharge 
Abstract Database records using the date of admission and the 
most responsible diagnosis of I21 (acute MI). We removed 
the data for patients with invalid personal health numbers to 
create our final sample.

We compared the agreement between the clinician chart 
review classification and the STEMI versus non-STEMI 
classification based on the standard definition and the ECG 
definition. The data for patients with an unspecified MI 
(I21.9) or an unspecified ECG result (R94.38) were excluded 
from the analysis. The agreement between chart review and 
the 2 subtype definitions was calculated overall and by sex 
and age.

To determine the effects of subtype definition on in-hospital 
mortality estimates, we applied the standard and ECG defini-
tions to a cohort of all patients admitted to hospital with acute 
MI in the province of Alberta between Apr. 1, 2007, and Mar. 
31, 2010. The data set for this cohort contained information on 
age, sex, length of stay, diagnoses, procedural interventions and 
in-hospital mortality. Patients who had a primary diagnosis 
code of I21.x were included in this assessment. A record of 
R94.3x (supplementary ECG code) in any of the secondary 
diagnosis fields was captured. The unit of analysis was the 
patient. To test the utility of the coding definitions, we calcu-
lated the in-hospital mortality among patients with STEMI and 
those with non-STEMI identified with the use of the standard 
and ECG definitions.

We followed the Standards for Reporting of Diagnostic 
Accuracy (STARD) guidelines for reporting studies of diag-
nostic accuracy.14 Data analysis was conducted with the use of 
SAS version 9.2.

Ethics approval
The ethics board of the University of Alberta felt the study 
was for quality-assurance purposes and did not require ethics 
approval.

Results

The 2 physicians reviewed 319 charts of patients with a pri-
mary diagnosis of acute MI (Figure 1). They disagreed on the 
classification of the acute MI as STEMI or non-STEMI in 3 
cases (0.9%).

Agreement between administrative and chart data
Administrative data were linked with chart review data for 302 
of the 319 patients (Figure 1). Once duplicate records and 
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records with invalid personal health numbers were removed, 
we had linked data for 297 patients. Seven patients were 
excluded from the validation of the standard definition because 
they had a code of I21.9 (“Acute myocardial infarction, 
unspecified”), and 8 patients were excluded from the validation 
of the ECG definition because they had a code of R94.38, 
which does not specifically define the STEMI or non-STEMI 
subtype, or had missing or conflicting R94.3x coding.

The number of patients classified as having STEMI or 
non-STEMI by chart review, standard definition and ECG 
definition are presented in Table 1. For STEMI, the standard 
definition had a higher level of agreement with chart review 
overall (92.3%) than did the ECG definition (91.6%). This 
higher level of agreement remained for men and for both 
younger (age < 65 yr) and older (age ≥  65 yr) patients. The 
ECG definition had a higher level of agreement with chart 
review for women (89.1%) than did the standard definition 
(87.0%). With both definitions, the level of agreement was 
lower for older patients than for younger patients.

For non-STEMI, the level of agreement between the chart 
review and each of the standard and ECG definitions was per-
fect; that is, all patients identified by chart review as having 

non-STEMI were classified as having non-STEMI with both 
definitions. There were, however, patients with STEMI who 
were categorized as having non-STEMI. The level of misclas-
sification was as follows: 7.7% of patients with STEMI were 
classified as having non-STEMI with the standard definition, 
and 8.4% were classified as having non-STEMI with the 
ECG definition.

Effect of definitions on in-hospital mortality estimates
We applied the standard and ECG coding definitions for 
STEMI and non-STEMI to 15 148 patients admitted to hos-
pital with a primary diagnosis of acute MI (I21.x) in Alberta 
between April 2007 and March 2010. Based on the standard 
definition, 5713 patients (37.7%) were classified as having 
STEMI and 9435 (62.3%), non-STEMI. There were 528 
patients (3.5%) with an unspecified abnormal ECG result 
(R94.38) or missing supplementary R94.3x code, and 20 
patients (0.1%) had both the code R94.30 and the code 
R94.31. When only the ECG definition was used to define 
the acute MI subtypes, 5530 patients (36.5%) were classified 
as having STEMI and 9070 (59.9%), non-STEMI. Table 2 
summarizes these findings and shows that the calculation of 

Charts of patients with acute MI
n = 319

Patient charts
n = 302

Unique patients with acute MI
n = 297

Clinical chart review:
• STEMI n = 146
• Non-STEMI  n = 151

Standard de�nition
• I21.0–3 (STEMI)  n = 132
• I21.4 (non-STEMI)  n = 158
• I21.9 (unspeci�ed)  n = 7*

ECG de�nition
• R94.30 (STEMI)  n = 131
• R94.31 (non-STEMI)  n = 158
• R94.38, no or multiple 

R94.3x codes  n = 8*

Join to discharge abstract data 
based on PHN

Excluded n = 17
(invalid PHN)

Excluded  n = 5
(duplicates)

Figure 1: Steps in defining a study sample for validating coding of acute myocardial infarction (MI) subtypes. ECG = electro-
cardiogram, PHN = personal health number, STEMI = ST-elevation myocardial infarction. *Excluded from analysis.
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in-hospital mortality was similar irrespective of which defini-
tion was used.

Interpretation

Our study examining the validity of 2 definitions, one using 
standard ICD-10 codes and the second using supplementary 
ECG codes, for categorizing patients with acute MI as having 
STEMI or non-STEMI has several interesting findings. First, 
we found that both definitions were good at differentiating 
between the 2 subtypes in a sample of patients with confirmed 
acute MI. The agreement between both definitions and clini-
cian chart review was high across all patient subgroups with 
the exception of the coding of STEMI for patients older than 
65 years, where the agreement was slightly lower. Second, for 
STEMI, the standard definition had a slightly higher level of 
agreement with chart review than did the ECG definition. 
Third, for non-STEMI, the agreement with the chart review 
for both the standard definition and the ECG definition was 
perfect, that is, all patients identified by chart review as having 
non-STEMI were classified as having non-STEMI with both 
definitions. And finally, when we applied the 2 definitions to a 
database of patients with acute MI admitted to hospital, we 
found that the calculation of in-hospital mortality was similar 
irrespective of which definition was used.

The validation of STEMI and non-STEMI coding relies 
on the validation of acute MI first. Studies have shown that 
acute MI is coded well with the use of ICD. In a recent sys-
tematic review, Metcalfe and associates15 reported that there 
have been several studies validating the case definitions for 
acute MI, with most studies focused on ICD-9 and no studies 
validating exclusively ICD-10 codes. The reported validity of 
these diagnostic codes for identifying acute MI has varied from 
a sensitivity of 66.0% to 95.1% and a specificity of 80.2% to 
100.0%, depending on the subgroup, database and area stud-
ied.15 Although that systematic review did not identify any 
studies validating the acute MI subtypes as defined using 
recently revised ICD coding definitions, ICD-9-CM16 and 

ICD-1011 codes for acute MI have been used to differentiate 
between patients with STEMI and those with non-STEMI.

Studies have been conducted evaluating the validity of 
ICD-9 coding for acute MI. Varas-Lorenzo and colleagues17 
studied Saskatchewan data from November 1999 to Decem-
ber 2001 and found that ICD-9 codes for acute MI had a pos-
itive predictive value of 0.95 (95% confidence interval 0.91 to 
0.98) for identifying patients with acute MI based on detailed 
chart review as the gold standard. Although many studies vali-
dating the case definitions of acute MI using ICD coding have 
shown similar high positive predictive values or sensitivity,15 
they have not distinguished the validity of acute MI subtypes 
using ICD-coded data.

Studies have been conducted in the US validating the acute 
MI subtype coding definitions for ICD-9-CM. With the cur-
rent ICD-9-CM coding definitions, patients with non-
STEMI are those with a diagnosis code of 410.7, and patients 
with codes 410–410.8 are classified as having STEMI.18 One 
US study with a very large sample (over 1 million) showed 
that 10.9% of patients who were found to have STEMI based 
on an ECG received the code 410.71, and 38.8% of patients 
with ECG indicative of non-STEMI had an ICD-9 code 
other than 410.71.19 Our study shows that the Canadian ICD-
10 codes are less likely to misclassify both STEMI and non-
STEMI than has previously been reported for ICD-9-CM.

Using data from 2000–2001, Woo and associates20 found 
that MI documentation in medical charts was incomplete and 
inconsistent in its ability to distinguish between STEMI and 
non-STEMI and that up to 20% of medical records could not 
be used for retrospective MI-subtype–specific research. 
Inconsistencies in the medical record are one possible reason 
for the misclassification of coded information. If the informa-
tion in the chart is not recorded completely and correctly, 
coders cannot transfer this information to the administrative 
data codes that could then be used to distinguish between 
acute MI subtypes. When we applied the subtype coding defi-
nitions in our study, we found that the charts of about 0.1% 
of patients in our sample had inconsistent coding, including 

Table 1: Validity of the International Classification of Diseases version 10, Canadian edition, coding for acute MI subtypes

Group

Reference standard 
(chart review)

Standard definition*
n = 290

ECG definition†
n = 289

No. of patients Agreement, % No. of patients Agreement, %

STEMI
Non-

STEMI STEMI
Non-

STEMI STEMI
Non-

STEMI STEMI
Non-

STEMI STEMI
Non-

STEMI

Overall 143 147 132 158 92.3 100.0 131 158 91.6 100.0

Women 46 55 40 61 87.0 100.0 41 60 89.1 100.0

Men 97 92 92 97 94.8 100.0 90 98 92.8 100.0

Age < 65 yr 82 67 81 70 98.8 100.0 79 69 96.3 100.0

Age ≥ 65 yr 61 80 51 88 83.6 100.0 52 89 85.2 100.0

Note: ECG = electrocardiogram, MI = myocardial infarction, STEMI = ST-elevation MI.
*I21.0–3 for STEMI v. I21.4x for non-STEMI.
†R94.30 (“ECG suggestive of STEMI”) v. R94.31 (“ECG suggestive of NSTEMI”). n = 289 because the chart review for the ECG definition is missing 1 male patient under 
65 years of age.
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having an R94.3x code representing one subtype and an 
R94.3x code representing a different subtype. The lower level 
of agreement for the coding of STEMI for patients aged 

65 years or more in our study may have been due to less com-
plete documentation by physicians for older patients with sev-
eral conditions than for younger patients. It is also possible 
that coders spent less time on older patients’ records when 
there were large amounts of information on conditions.

Limitations
Our study has limitations. It does not provide information on 
the validity of acute MI coding. Instead it examines only the 
validity of subcategorizing patients with acute MI as having 
STEMI or non-STEMI. Therefore, given that our study 
included only patients with acute MI, we were unable to pro-
vide the positive predictive value, negative predictive value, 
sensitivity or specificity associated with the acute MI diagno-
sis. Future studies based on a random sample of all patients 
admitted to several acute care hospitals in Alberta would be 
useful in obtaining these measures. The reference standard 
for this study was a sample of charts of patients discharged 
over a 3-month period from 3 hospitals in 1 Canadian city. 
To ensure the generalizability of our findings, it would be 
valuable to conduct this type of validation study for ICD-10 
coding of acute MI subtypes in different regions of the coun-
try as well as internationally. Although our study was limited 
to a smaller study area, it covered a range of hospital settings 
in a large urban centre.

Conclusion
Among patients with acute MI, the standard ICD-10 defini-
tion to classify patients as having STEMI or non-STEMI was 
as accurate as the supplementary definition based on ECG 
codes. Our findings show that the acute MI subtype codes are 
valid and can be used in population-based outcome studies. 
These findings may be relevant for the development of later 
versions of ICD codes.
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