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Abstract
Introduction/ Methods—To assess whether revised electrocardiographic (ECG) criteria
improve Emergency Department identification of patients with acute myocardial infarction (MI)
or unstable angina (UA) and predict outcome, we studied 120 patients with a nondiagnostic initial
ECG by prior criteria. ECGs were read in a blinded fashion months apart with standard and then
revised criteria, and analyzed by Chi square and logistic regression analysis.

Results—In 12 subjects (10%), the initial ECG was now interpreted as diagnostic of ischemia.
Eleven (92%) had an MI, 1 had UA (8%), and none had a noncardiac diagnosis. Ischemic ECG
changes were strongly associated with MI or UA (p=0.003). At 1 year follow-up, ECG changes
diagnostic of ischemia were associated with a trend toward higher mortality (25% vs. 7%, p=0.07)
but after adjustment for clinical factors, ECG changes were not an independent predictor of 1-year
mortality.

Conclusions—Revision of the ECG criteria for ischemia was associated with enhanced
diagnostic performance and identified a subset of patients at higher risk.

Introduction
Electrocardiographic (ECG) criteria for acute myocardial ischemia that may lead to
myocardial infarction (MI) have recently been revised, in part to address gender differences
(1). Specifically, the following features are now considered evidence of ischemia in the
absence of left ventricular hypertrophy (LVH) or left bundle branch block (LBBB).

• ST elevation at the J-point in 2 contiguous leads with the cutoff points:≥0.2mV in
men or ≥0.15mV in women in leads V2-V3 and/or ≥0.1mV in other leads

• Horizontal or down-sloping ST depression ≥0.05mV in 2 contiguous leads; and/or
T inversion ≥0.1mV in 2 contiguous leads with prominent R waves or R/S ratio >1

These new criteria differed from the prior standard criteria (2) by: a) reducing the cutoff
point for ST elevation in lead V1 from ≥0.2 mV to ≥0.1mV in both men and women, b)
lowering the threshold for ST elevation in women in leads V2-V3 to ≥0.15 mV, and c)
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lowering the cutoff point for ST depression (0.05 mV) that was previously assumed to be 0.1
mV.

The goal of the revised criteria was to improve the sensitivity of the initial ECG for acute
myocardial ischemia and infarction, especially in women. However, the diagnostic
performance of these revised criteria is unknown. Therefore, to assess the incremental value
of these new ECG criteria in the diagnosis of acute coronary syndrome (ACS), we studied a
cohort of patients presenting to the Emergency Department (ED) with symptoms of possible
ischemia but a nondiagnostic initial ECG by the older standard criteria (2).

Methods
Data for this analysis were drawn from the IMMEDIATE AIM study (Ischemia Monitoring
& Mapping in the Emergency Department In Appropriate Triage & Evaluation of Acute
Ischemic Myocardium), a prospective clinical trial funded by NIH (RO1HL69753) which
sought to improve noninvasive ECG diagnosis of patients who present to the ED with ACS
(3–5). Patients (n=1308) were enrolled in the study from 2002–04 and underwent one-year
clinical follow-up, completed in December, 2005.

Patients presenting to the ED with chest pain or anginal equivalent at the University of
California, San Francisco Medical Center Monday through Friday between 7 am and 7 pm,
were approached for enrollment in the IMMEDIATE AIM Study. Patients with left bundle
branch block or ventricularly paced rhythms were excluded. Data on clinical factors, initial
and serial 12-lead ECGs and continuous Holter monitoring for arrhythmia and ST segment
deviation were collected. To avoid delay, institutional review board approval was granted
for application of Holter monitors with an initial verbal assent followed by informed written
consent when the patient was stable.

For this analysis, we studied 154 patients presenting to the Emergency Department (ED)
with symptoms of possible ischemia but a nondiagnostic initial ECG. We subsequently
excluded patients with electrocardiographic evidence of left ventricular hypertrophy (LVH),
resulting in a final cohort of 120 patients. Final diagnostic categories identified from
subjects’ discharge records included acute MI (n=37), unstable angina (UA) (n=36) and
noncardiac chest pain (n=47). The 3 groups were similar in age and gender. MI was
diagnosed in the presence of chest pain or anginal equivalent associated with significantly
elevated troponin levels as outlined in the American College of Cardiology consensus
document on measuring outcomes in patients with acute coronary syndromes (6). Unstable
angina was defined as a clinical history consistent with a diagnosis of unstable angina, in
whom ischemia was confirmed by presence of ST changes on the initial ECG or in
association with recurrent rest pain, or presence of small elevations of troponin that do not
meet infarction criteria. In addition, in the unstable angina subset, 19 of 36 patients
underwent angiography on clinical grounds, and 17 of 19 had evidence of angiographic
epicardial coronary artery disease.

ECG Procedures/Analysis
Standard 12-lead electrocardiograms were obtained for clinical purposes as ordered by the
treating physician. In addition, for the study, trained research nurses applied Holter monitors
as soon as possible after ED arrival, using the Mason-Likar lead configuration (7). They
recorded an initial 12-lead Holter ECG, supervised the Holter recordings over the 24 hour
period, and down-loaded stored 12-lead Holter ECGs for subsequent analysis. All 12-lead
Holter ECGs were analyzed by a single board-certified cardiologist (KEF) using the H-
Scribe System (Mortara Instruments, Milwaukee, WI). Clearly defined operational
definitions were used after an initial period where two experts (BD and KEF) reached
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consensus on their application. ECGs were read in a blinded fashion several months apart,
using first the standard criteria and then the revised criteria. This analysis utilized only data
from the initial 12-lead Holter ECG and did not utilize continuous Holter data. In the older
criteria, myocardial ischemia was defined as: a) ST elevation at the J point of ≥ 0.2 mV in
leads V1 - V3 or ≥ 0.1 mV in all other leads, b) ST depression at the J point of ≥ 0.1 mV
with horizontal or down-sloping ST segments and, c) inverted T waves of ≥ 0.1 mV in
depth. For all criteria (ST elevation, depression or T wave inversion), the changes had to be
present in 2 contiguous leads. Limb lead contiguity was considered the following sequence:
aVL, I, minus (inverted) aVR, II, aVF, and III. Use of minus aVR meant that ST elevation in
standard aVR counted as ST depression in minus aVR and vice versa. The initial Holter
ECG was deemed diagnostic of ischemia if it met these criteria in the absence of
confounders such as ECG evidence of pericarditis or early repolarization.

Follow-up Data
Trained research nurses collected data on one-year mortality as well as ED visits and
hospital admissions from telephone calls to subjects, hospital and clinic electronic records,
and a public internet-based mortality database (8). One-year follow-up was available for
90% of subjects in this analysis.

Statistical Analysis
All analyses were conducted in SAS statistical software (Version 8, Cary, North Carolina).
Baseline characteristics for the cohort were identified using PROC FREQ and PROC
UNIVARIATE. Two by three tables and logistic regression (PROC LOG) were used to
assess whether new diagnostic criteria for ischemia heightened ability to predict the final
diagnosis, except when the presence of zero cells prevented the regression analysis. Chi
square statistical analysis was used to determine whether one-year mortality was different
between those with and without ECG evidence of ischemia by the revised criteria. Finally,
logistic regression was used to gauge the ability of ischemic changes by the revised criteria
to predict 1 year mortality, hospital admissions and Emergency Department visits and, if so,
whether these changes remained independent predictors of outcome after adjustment for
clinical factors.

Results
Baseline characteristics

Average age was approximately 71 years, with a slight male predominance (Table 1).
Hypertension was common and approximately one third of patients had a history of
diabetes. Fourteen to sixteen percent of the cohort smoked, depending on diagnostic group.
A prior history of CAD was significantly more common in those with a final diagnosis of
UA (83%), as compared with those with MI (38%) or noncardiac chest pain (36%).

Effect of revised criteria on diagnosis
In 12 subjects (10%), the initial nondiagnostic ECG was now read as diagnostic of ischemia
using the revised criteria (Fig. 1). In most cases (83%), this was because ST depression that
had not met previous criteria of 1 mm in 2 contiguous leads reached revised criteria of 0.5
mm in 2 contiguous leads. Five of the 12 subjects in whom the ECG was now diagnostic
(42%) were women.

All twelve (100%) of these subjects left the hospital with a final diagnosis of acute coronary
syndrome (11 with MI [92%], 1 with UA [8%]) and none were diagnosed with noncardiac
chest pain (Table 2). Electrocardiograms diagnostic of ischemia were strongly associated
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with a final diagnosis of MI or UA (16% vs. 0%, p=0.003). Electrocardiograms diagnostic
for ischemia were also strongly associated with MI itself (30% vs. 0%, p<0.001).

Effects of Revised Criteria on Outcomes
At follow-up, 8 (7%) of 108 subjects with 1 year follow-up had died. Having ischemic
changes diagnostic of ischemia by the revised criteria was associated with a trend for higher
mortality in Chi square analysis (25% vs. 7%, p=0.07), but not of recurrent ED visits (12%
vs. 5%, p=0.25) or hospital admission (12% vs. 8%, p=0.5). In multivariate analysis, after
adjustment for age, gender, standard cardiac risk factors such as diabetes and smoking, and a
history of CAD, ischemic ECG changes were not an independent predictor of mortality. The
strongest predictor of both recurrent ED visits and HA was a history of CAD.

Discussion
Electrocardiographic changes in the ST segment and T waves have long been recognized as
potent, if imperfect, indicators of ischemia and potential infarction (9–11). Consensus
guidelines issued in 2000 recommended useful thresholds for identifying ST and T wave
changes as pathologic (2), although multiple confounding factors including early
repolarization, LBBB, pre-excitation syndromes, metabolic disturbances and myocarditis
may complicate their application (1). However, growing recognition of age and gender
differences in ECG patterns and particularly in precordial ST segments (12–16) suggested
that ST amplitude was generally maximal in V2 and V3 and greater in men, particularly
young men, than in women.

Macfarlane et al. developed criteria for ST elevation MI from a training set of 789 ECGs
from patients presenting with chest pain as well as ECGs from a population of 1496 adult
normals of both genders (13). Based on their findings, they proposed criteria for ST
elevation MI which enhanced both sensitivity and specificity in the test set when compared
with the original ACC/ESC criteria. While Macfarlane’s proposed criteria took into account
age, gender, and specific ECG leads, it was cumbersome to apply in clinical practice
because a formula had to be used to determine unique criteria for each patient.

In 2007, a new joint expert consensus document on the universal definition of MI was issued
by the ESC/ACCF/AHA and WHF that incorporated many of Macfarlane’s concepts but
without the need to determine patient specific criteria. The new criteria lowered the
threshold for ST elevation in lead V1 from greater than or equal to 0.2 mV to greater than or
equal to 0.1 mV to diagnose ischemia. They also set different thresholds for ST segment
elevation in V2 and V3 compared with all other leads and set lower ST thresholds for
women than men in these leads (1). In addition, ST depression of ≥0.05 mV in two
contiguous leads was used as a revised criterion for ischemia. Recent recommendations for
the standardization and interpretation of the ECG in acute ischemia/infarction go even
further, calling for both age and gender specific criteria for ST elevation, as well as lead
specific criteria for ST depression (17).

In this analysis of subjects presenting to the ED with symptoms of possible cardiac ischemia
and a nondiagnostic ECG, the 2007 ESC/ACCF/AHA/WHF ECG criteria identified
substantially more patients ultimately diagnosed with an ACS. Moreover, sensitivity for
ACS was increased with minimal or no effect on specificity, as no subjects identified as
having diagnostic ischemic changes by revised ECG criteria left the hospital with a final
diagnosis of noncardiac chest pain. Patients who had ECGs diagnostic of ischemia by
revised, but not prior standard criteria, also had a trend toward increased 1 year mortality,
highlighting the importance in accurately identifying these patients.
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Our results should be interpreted in light of possible limitations in our study.
Electrocardiograms were reviewed by a single cardiologist, although tracings were analyzed
several months apart to minimize bias. Holter electrocardiograms were recorded using the
Mason-Likar rather than standard lead configuration, although reported differences between
the two have centered predominantly on a rightward shift in axis and changes in Q and S
wave amplitudes, rather than effects on ST and T wave changes (18,19). Moreover, our
analysis used Holter electrocardiograms exclusively, so that the increased yield seen with
the revised criteria for ischemia was based on identical tracings with the same lead
configuration. Some patients were lost to longer term follow-up. The relatively small sample
size may have limited power to detect the effect of the revised criteria on clinical outcomes.
Nonetheless, in this analysis, revision of the ECG criteria for ischemia was associated with
enhanced diagnostic performance and identified a subset of patients at higher risk. The
revised criteria should be retained.
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Figure 1.
Impact of Revised ECG criteria: Initial Holter 12–lead electrocardiogram from a female
subject showing diffuse, mild ST depression that now exceeds the revised threshold of
0.05mV in two contiguous leads.
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Table 1

Baseline characteristics of the cohort

Variable MI (n=37) UA (n=36) Noncardiac CP (n=47)

Age (+/− s.d.) 70.4 +/−16.2 69.7 +/− 12.8 71.5 +/− 9.8

Male sex 19 (51%) 17 (47%) 22 (47%)

Smoker 6 (16%) 5 (14%) 7 (15%)

Diabetes 14 (38%) 16 (44%) 11 (23%)

Hypertension 29 (78%) 30 (83%) 36 (77%)

History of CAD* 14 (38%) 30 (83%) 17 (36%)

*
p<0.0001; all other results p=NS
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Table 2

Relation of final diagnosis to new universal criteria for myocardial infarction in 120 patients with non-
diagnostic initial ECG by older criteria

ECG not diagnostic of ischemia by either older or new
criteria

ECG diagnostic of ischemia by new revised
criteria*

Myocardial Infarction (n=37) 26 (70%) 11 (30%)

Unstable Angina (n=36) 35 (97%) 1 (3%)

Noncardiac chest pain (n=47) 47 (100%) 0 (0%)

*
by revised ESC/ACCF/AHA/WHF ECG criteria
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