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Abstract (237) 

 

Background: Healthcare administrative databases are extremely 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 using the World Health 

Organization (WHO) International Classification of Disease (ICD). We examined the validity of 

two ICD version 10 (ICD-10) coding definitions for categorizing acute myocardial infarction 

(AMI) patients as ST-elevation myocardial infarction (STEMI) or Non-ST-elevation myocardial 

infarction (NSTEMI). 

Methods: Charts of AMI patients (April-June 2007) were reviewed to define the AMI subtype 

(i.e. STEMI and NSTEMI). The agreement between clinician chart review and STEMI/ 

NSTEMI classification based on: 1) the standard (ICD-10 I21.x); and 2) the supplementary 

electrocardiogram (ECG) codes (R94.3x) was determined. We assessed the impact of these 

alternative definitions on in-hospital mortality estimates by applying them to a cohort of all AMI 

patients from April 2007 – March 2010. 

Results: Of 297 AMI patients, 49.3% were identified as STEMI based on chart review, 45.5% 

using the standard definition and 45.3% using the ECG definition. Both the standard and ECG 

definitions provided high agreement (92% for STEMI and 100% for NSTEMI) with the chart 

review classification. In the larger population-level cohort (n=15,148), using the standard 

definition or the ECG definition did not impact in-hospital mortality estimates for STEMI and 

NSTEMI patients. 

Conclusions: The standard definition appears equivalent to the definition using supplementary 

ECG codes to subcategorize AMI patients as STEMI or NSTEMI.
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Introduction 

 Healthcare administrative databases, such as those maintained by the Centers for Medicare 

and Medicaid Services (CMS) in the US and by provincial 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 procedures are coded using the World Health Organization (WHO) International Classification 

of Disease (ICD).6  With the exception of the US, all developed countries currently use version 10 

of the ICD.  The US is scheduled to switch from its current ICD-9-CM version to ICD-10 by 

October 2015.  Because the WHO permits its member countries to add country-specific diagnosis 

codes or specify conditions using sub-codes in ICD-10, several countries have developed their own 

ICD-10 versions. 7   

The incidence and clinical characteristics of patients presenting with ST-elevation 

myocardial infarction (STEMI) and non-ST-elevation myocardial infarction (NSTEMI) vary 

significantly.8, 9 These differences underline the importance of accurately classifying acute 

myocardial infarction (AMI) sub-types when examining patient outcomes.  Historically, primarily 

due to limitations in coding algorithms, studies using administrative data to examine treatment and 

outcomes of AMI have grouped STEMI and NSTEMI together.10, 11  However, the improved ICD-

10 codes distinguish between STEMI and NSTEMI patients.12  In April 2007, the Canadian version 

of ICD-10 introduced secondary diagnosis codes for cardiovascular function based on the 

electrocardiogram ECG.13  Whether these supplementary codes are more accurate than the standard 

ICD-10 codes in differentiating between the AMI subtypes is not known.   

The primary objective of our study was to evaluate the agreement of the standard definition 

(based on ICD-10 Q-wave codes alone) and the ECG definition (based on supplementary ECG 

codes) for classifying STEMI and NSTEMI with chart review by clinicians.  We also applied both 
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the standard and ECG definitions to a large in-patient AMI population and examined the extent to 

which in-hospital mortality estimates were affected by the use of the alternative definitions.   

Methods 

Defining STEMI and NSTEMI in Chart Data 

All patients discharged from hospital with a diagnosis of AMI in Edmonton, Alberta Canada 

(population of approximately 1 million) undergo review by a trained chart abstractor. This is 

conducted as part of a dedicated quality assurance program linked to the Vital Heart Response 

(VHR) clinical program. VHR is a regional reperfusion program focused on delivering expeditious 

evidence based care for STEMI patients. To validate the chart abstraction process and confirm 

appropriate patient selection, charts from the three major hospitals in VHR were obtained. Patients 

with a diagnosis of AMI were independently abstracted to obtain an approximately equal sample of 

patients defined as STEMI and NSTEMI. Subsequently, two experienced clinicians reviewed the 

patients abstracted data, interpreted the 12-lead ECG and reviewed peak myocardial enzymes 

blindly determining clinical diagnosis of NSTEMI vs. STEMI (SS and WT). The AMI sub-type 

classification based on clinician chart reviews was used as the reference standard.  

Defining STEMI and NSTEMI in Administrative Data 

We used two definitions to categorize AMI patients as STEMI and NSTEMI.  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 NSTEMI.   

A patient presenting with an ECG indicative of STEMI can progress to a Q-wave MI, a 

non-Q wave MI or an aborted MI, while those with no ST-elevation on the ECG are defined as 

having NSTEMI and can only progress to a non-Q wave MI or unstable angina.13 As a result, all 

patients that are coded with Q-wave MI (I21.0-3) should be STEMI, but some coded with non-Q 

wave MI (I21.4x) could also be STEMI. This shows why the supplementary ECG codes that can 

distinguish between ECG results suggestive of STEMI (R94.30) or NSTEMI (R94.31) could be 
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useful in accurately categorizing patients into the two subtypes. 13  The ECG codes were introduced 

in April 2007 in Canada and therefore our validation study used the chart reviews of patients who 

were discharged from the three hospitals between April-June 2007.  In our study, the ECG 

definition is 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 NSTEMI.  

Analysis 

The chart data were linked with hospital discharge abstract data (DAD) from April-June 2007 

using the unique identifier of a personal health number (PHN).  The DAD includes data on age, 

sex, length of stay, up to 25 diagnoses, 16 procedures, and discharge status. These linked DAD 

records were extracted using the date of admission and most responsible diagnosis of I21 (acute 

myocardial infarction).  Those patients with invalid PHN were removed to create our final sample 

for the validation study.  

 We compared the agreement between the clinician chart review classification to the 

STEMI/NSTEMI classification based on the standard definition and the ECG definition.   

Those 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 two sub-type definitions 

was calculated overall and by sex and age.  

Utility of AMI sub-types in DAD 

To determine the effects of sub-type definition when evaluating patient outcome, the 

standard and ECG definitions were applied to a dataset of all patients admitted to a hospital with 

AMI in Alberta, Canada between April 1, 2007 and March 31, 2010.  This dataset contained 

information on age, sex, length of stay, diagnoses, procedural interventions and in-hospital 

mortality. Patients who had a primary diagnosis 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 calculated the in-
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hospital mortality proportion for STEMI and NSTEMI patients identified using the standard and 

ECG definition.   

Data analysis was conducted using SAS version 9.2.  The ethics board of the University of 

Alberta felt the study was for quality assurance purposes and did not require ethics approval.  

Results 

Linking chart and administrative data 

Administrative data were linked with chart review data for 302 of 319 patients with a primary 

diagnosis of AMI (I21.x) between April 1, and June 30, 2007 (Figure 1). Once duplicate records 

and records with invalid PHN were removed, we had linked data for 297 patients.  Seven patients 

were excluded as they were coded as ‘Acute myocardial infarction, unspecified’ using I21.9, and 

eight patients were excluded who were coded as R94.38, which does not specifically define the 

STEMI or NSTEMI sub-type or had missing or conflicting R94.3x coding.  

The number of patients classified as STEMI and NSTEMI by chart review, standard 

definition, and ECG definition are presented in Table 1.  For STEMI, the standard definition had a 

higher agreement with chart review overall (92.3%) than the agreement between the ECG 

definition and chart review (91.6%).  The higher agreement between standard definition and chart 

review relative to the agreement between ECG definition and chart review remained among males 

and among both young (age < 65 years) and elderly (age ≥ 65 years).  However, the agreement 

statistic for both definitions was lower for elderly patients compared with younger patients.  In 

contrast to males, the ECG definition for STEMI had a higher level of agreement with chart review 

among women (89.1%) compared with standard definition (87%). 

The agreement between both the standard definition and the ECG definition for NSTEMI was 

perfect, i.e., all patients identified by chart review as being NSTEMI were classified as NSTEMI 

by both definitions.  There were, however, STEMI patients who were categorized as NSTEMI 

patients in our study.  The level of misclassification was as follows: based on the standard 
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definition, 7.7% of STEMI patients were classified as NSTEMI and 0% NSTEMI patients were 

classified as STEMI; based on the ECG definition, 8.4% of STEMI were classified as NSTEMI and 

0% NSTEMI were classified as STEMI.   

Utility of AMI sub-type codes  

We applied the standard and ECG coding definitions for STEMI and NSTEMI to a larger 

sample of 15,148 patients hospitalized with a primary diagnosis of AMI (I21.x) between April 1, 

2007 and March 31, 2010. Among these patients, 5713 were diagnosed as STEMI (37.7%) and 

9435 patients as NSTEMI (62.3%) based on the standard definition. There were 528 patients with 

either an unspecified abnormal ECG result (R94.38) or with missing supplementary R94.3x code 

(3.5%), and 20 patients had both the R94.30 and R94.31 codes (0.1%). When only the ECG 

definition was used to define the AMI sub-types, 5530 (36.5%) were classified as STEMI and 9070 

(59.9%) were classified as NSTEMI. Table 2 summarizes these findings and shows that the 

calculation of in-hospital mortality is similar irrespective of which definition was employed. 

Discussion 

Our study examining the validity of two definitions, one using standard ICD-10 codes and the 

second using supplementary ECG codes, for categorizing AMI patients as STEMI or NSTEMI has 

several novel and interesting findings.  First, we found that both definitions were good at 

differentiating between STEMI and NSTEMI for a sample of confirmed AMI patients. The 

agreement between both definitions and clinician 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 

agreement with chart review (92.3%) than the agreement between the ECG definition and chart 

review (91.6%).  Third, the agreement between both the standard definition and the ECG definition 

for NSTEMI was perfect, i.e., all patients identified by either definition as being NSTEMI were 

classified as NSTEMI by chart review.  And finally, when we applied the two definitions to a 
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database of AMI hospitalizations, we found that the different methods of classifying AMI sub-

types did not affect in-hospital mortality estimates.  

The STEMI and NSTEMI sub-type coding validation relies on the validation of AMI first. 

Studies have shown that AMI is coded well using ICD. A recent systematic review has reported 

that there have been several studies validating the case definitions for AMI, with most studies 

focused on ICD-9 and no studies validating exclusively ICD-10 codes.14  The validity of these 

diagnosis codes for identifying AMI has varied in the literature from a sensitivity of 66% to 95.1% 

and a specificity of  80.2 to 100% depending on the subgroup, database and area studied.14  

Although this systematic review revealed that there have been no studies conducted that validate 

the AMI sub-types as defined using recently revised ICD coding definitions, ICD-9CM codes for 

AMI patients have been used to differentiate between STEMI and NSTEMI patients15 and more 

recently ICD-10 codes have been used for this purpose.12  

Studies have been conducted evaluating the validity of ICD-9 coding for AMI. In one 

Canadian province, Saskatchewan, a study using data from November 1999 – December 2001 

found that ICD-9 codes for AMI had a PPV of 0.95 (95%CI: 0.91–0.98) for identifying those 

patients with AMI based on detailed chart review as the gold standard16. While many studies 

validating the case definitions of AMI using ICD coding have shown similar high positive 

predictive value or sensitivity 17, they have not distinguished the validity of AMI sub-types using 

ICD coded data.  

There have been studies conducted in the United States validating the AMI sub-type coding 

definitions for ICD-9CM. Using the current ICD-9CM coding definitions, NSTEMI patients are 

those with a diagnosis code of 410.7, while those patients with codes 410-410.8 are classified as 

STEMI patients18. One US study with a very large sample size (over 1 million) found that 10.9% of 

patients who were found to have STEMI based on an ECG were coded as 410.71, while 38.8% of 

patients with ECG indicative of NSTEMI had an ICD-9 code other than 410.7119.  Our study shows 
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that the Canadian ICD-10 codes were less likely to misclassify both STEMI and NSTEMI than has 

previously been reported using ICD-9CM.  

Using data from the 2000-2001 fiscal years, researchers found that MI as recorded in medical 

charts was incomplete and inconsistent in its ability to distinguish between STEMI and NSTEMI 

and that up to 20% of medical records could not be used for retrospective MI sub-type specific 

research20. The inconsistencies in the medical record review are one possible reason for the 

misclassification of coded information. If the information in the charts is not recorded completely, 

then it is not possible for coders to transfer this information to the administrative data codes that 

could then be used to distinguish between AMI sub-types. When we applied the sub-type coding 

definitions in our study we found that approximately 0.13% of patients in our sample were 

inconsistently coded with codes that included an R94.3x code representing one sub-type with an 

R94.3x code of a different sub-type. One could speculate that the lower agreement for the coding 

of STEMI for adults older than 65 years could be due to physician documentation being less for 

seniors with multiple conditions than younger patients. It is also possible that coders spend less 

time on senior’s records when there are large amounts of information on conditions. 

There are limitations to this study that should be considered when interpreting the results. It is 

important to note that this study does not provide any information on the validity of AMI coding.  

Instead it only examines the validity of sub-categorizing AMI patients into STEMI and NSTEMI 

patients.  Therefore, given that our study only includes AMI patients, we are unable to provide the 

positive predictive value, negative predictive value, sensitivity or specificity associated with the 

AMI diagnosis.  The reference standard for this study was a convenience sample of chart reviews 

conducted over a three-month period for patients who presented to three hospitals in one Canadian 

city. To ensure the generalizability of these study findings it would be valuable to conduct this type 

of validation study over different regions of the country as well as internationally for the ICD-10 
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AMI sub-type coding distinctions. Although this study was limited to a smaller study area, it 

covered a range of hospital settings in a large urban center.  

Conclusions 

  Among AMI patients, the standard ICD-10 definition to classify patients as STEMI or 

NSTEMI is as accurate as the supplementary definition based on ECG codes. Our study 

demonstrates that the AMI subtype codes are valid and can be used in population-based outcome 

studies.   
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Figure Legend 
 

 

 

Figure 1: Steps to defining a study sample for validating AMI sub-type coding 
 
 
AMI indicates acute myocardial infarction; ECG, electrocardiogram; PHN, personal health number; 

NSTEMI, non-ST-elevation myocardial infarction; STEMI, ST-elevation myocardial infarction
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 16

 Table 1. Evaluating the validity of ICD-10-CA coding for AMI sub-types among AMI patients 

Patients Chart Review Standard Definition* ECG Definition** 

 N N Agreement % N Agreement % 

 STEMI NSTEMI STEMI NSTEMI STEMI NSTEMI STEMI NSTEMI STEMI NSTEMI 
Overall 143 147 132 158 92.31 100 131 158 91.61 100 

Female 46 55 40 61 86.96 100 41 60 89.13 100 

Male 97 92 92 97 94.85 100 90 98 92.78 100 

Age < 65 years 82 67 81 70 98.78 100 79 69 96.34 100 

Age >= 65 years 61 80 51 88 83.61 100 52 89 85.25 100 
 

* I21.0-3 for STEMI vs. I21.4x for NSTEMI. N=290. 

** R94.30 (“ECG suggestive of STEMI”) vs. R94.31 (“ECG suggestive of NSTEMI”). N=289 because chart Review for ECG definition is 
missing one male under 65 years of age 
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Table 2. Application of coding definitions to in-patient data 

Group AMI type Coding Definition Mortality (%) 
Number of 

Patients 

Overall     
  Standard definition STEMI I21.0,1, 2 or 3 5.51 5713 

NSTEMI I21.4x 3.95 9435 
  ECG definition STEMI R94.30 5.42 5530 
  NSTEMI R94.31 3.89 9070 

     

Female     

  Standard definition STEMI I21.0,1, 2 or 3 8.79 5713 
 NSTEMI I21.4x 4.82 9435 
  ECG definition STEMI R94.30 8.63 5530 
  NSTEMI R94.31 4.77 9070 

     

Male     

  Standard definition STEMI I21.0,1, 2 or 3 4.32 5713 
 NSTEMI I21.4x 3.51 9435 

     
  ECG definition STEMI R94.30 4.28 5530 
  NSTEMI R94.31 3.45 9070 

     

Age < 65 years     

  Standard definition STEMI I21.0,1, 2 or 3 2.15 5713 
NSTEMI I21.4x 0.62 9435 

  ECG definition STEMI R94.30 2.2 5530 
  NSTEMI R94.31 0.57 9070 

     

Age >= 65 years     

  Standard definition STEMI I21.0,1, 2 or 3 10.25 5713 
NSTEMI I21.4x 6.41 9435 

  ECG definition STEMI R94.30 10.07 5530 
  NSTEMI R94.31 6.36 9070 
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Figure 1. Steps to defining a study sample for validating AMI sub-type coding 
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