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Early repolarization associated with sudden cardiac death is based on the presence of
>1-mm J-point elevations in inferior and/or lateral leads with horizontal and/or down-
sloping ST segments. Automated electrocardiographic readings of early repolarization
(AER) obtained in clinical practice, in contrast, are defined by ST-segment elevation in
addition to J-point elevation. Nonetheless, such automated readings may cause alarm. We
therefore assessed the prevalence and prognostic significance of AER in 211,920 patients
aged 18 to 75 years. The study was performed at a tertiary medical center serving a racially
diverse urban population with a large proportion of Hispanics (43%). The first recorded
electrocardiogram of each individual from 2000 to 2012 was included. Patients with ven-
tricular paced rhythm or acute coronary syndrome at the time of acquisition were excluded
from the analysis. All automated electrocardiographic interpretations were reviewed for
accuracy by a board-certified cardiologist. The primary end point was death during a
median follow-up of 8.0 + 2.6 years. AER was present in 3,450 subjects (1.6%). The
prevalence varied significantly with race (African-Americans 2.2%, Hispanics 1.5%, and
non-Hispanic whites 0.9%, p <0.01) and gender (male 2.4% vs female 0.6%, p <0.001). In a
Cox proportional hazards model controlling for age, smoking status, heart rate, QTc,
systolic blood pressure, low-density lipoprotein cholesterol, body mass index, and coronary
artery disease, there was no significant difference in mortality regardless of race or gender
(relative risk 0.98, 95% confidence interval 0.89 to 1.07). This was true even if J waves were
present. In conclusion, AER was not associated with an increased risk of death, regardless
of race or gender, and should not trigger additional diagnostic testing. © 2014 Elsevier

Inc. All rights reserved. (Am J Cardiol 2014;114:1431—1436)

Electrocardiographic (ECG) machines used commonly in
clinical practice use interpretation algorithms that define
early repolarization (ER) by detecting ST-segment elevation
(STE) in addition to elevation of the J point."> Examples of
different forms of ER are shown in Figure 1. In light of the
association between ER and sudden cardiac death,”* such
automated readings may cause alarm, trigger unnecessary
diagnostic workup, and potentially create liability issues.”°
To better understand the clinical significance of automati-
cally detected ER (AER), we investigated its prevalence and
prognostic significance in a racially diverse population,
including a large proportion of Hispanics.

Methods

The study population consisted of inpatients and out-
patients aged 18 to 75 years who had a standard 12-lead
electrocardiogram at rest recorded at Montefiore Medical
Center from 2000 to 2012 (n = 238,456). Only the first
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recorded electrocardiogram for each individual was included
in the analysis. The primary end point was death from any
cause before the end of 2013 as determined by investigating
the electronic medical record and Social Security Death
Index. The Social Security Death Index records all deaths in
the United States, and the quality and reliability of this
register have been validated previously.” Loss to follow-up
in our study was <2%. The study was performed without
the support of external funding and was approved by the
local institutional review board.

In addition to data from the ECG recordings, age, gender,
self-reported race, systolic and diastolic blood pressure
measurements, low-density lipoprotein cholesterol, body
mass index, and smoking status were available for analysis
through the hospital electronic medical record using Clinical
Looking Glass. Our study was designed to assess the
prevalence and prognostic significance of AER in this
population. We excluded 23,019 electrocardiograms recor-
ded during acute coronary syndrome, 3,105 electrocardio-
grams with ventricular pacing, and 412 electrocardiograms
with artifact or uninterpretable tracings. Thus, the study
population consisted of 211,920 subjects (52% men, mean
age 58 + 13 years).

At baseline, standard 12-lead electrocardiograms at rest
were recorded at a paper speed of 25 mm/s. All electro-
cardiograms were automatically interpreted by the ECG
machine software (Marquette 12SL ECG analysis program;
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Figure 1. Examples of the classic and new definitions of ER. Examples of the original (classic) and emerging (new) definitions of ER. Panels A and B show the
classic form of STE-type ER, which is the form identified by ECG software algorithms. Notice the presence of a J wave in panel B, followed by an ascending/
upsloping ST segment. Both forms are considered benign. Panels C and D show the malignant form of ER demonstrated as slurring at the end of the QRS
complex (panel C) or a discrete notch/] wave (panel D) followed by a horizontal/downsloping ST segment (no STE). Modified from Perez et al’ with

permission from the publisher.

GE Healthcare, Cleveland, Ohio).2 This software determines
the presence of ER in a stepwise manner using several
criteria, including a low ST:T ratio and a normal repolariza-
tion character (upright T in appropriate leads and ST segment
aligned with the T wave). The analysis is performed in a
stepwise manner. First, the software will exclude injury based
on the degree of ST elevation, ST:T ratio, and reciprocal
changes. If no injury is defined, the software will continue to
test for ER only if the following criteria are met: (1) the test
will be skipped and/or stopped if QRS duration is >140 ms,
complete bundle branch block is present, or right or left
ventricular hypertrophy or acute myocardial infarction is
present; (2) the test will continue if corrected QT interval is
from 370 to 460 ms; (3) QRS duration is <120 ms or if any
ST elevation >200 LV is present in the precordial leads; and
(4) the QRS balance is positive (QRS balance = maximum R
amplitude — maximum S amplitude). If the aforementioned
criteria are met, then the software will count all leads from V;
to Vg with a QRS balance >0 in which both STJ elevation
and STM elevation are >75 UV and the number of leads from
I, II, III, and aVF with a QRS balance >0 in which ST
amplitude is >50 LV. The software will then compute the
sum of the amplitudes of the smaller of STJ (STJ is defined as

the ST level, with respect to QRS onset, at the QRS offset
commonly referred to as the “J point”) and STM (STM is the
ST level at the QRS offset plus 1/16 of the average RR in-
terval) for each lead that passes this test and classify the
electrocardiogram as “early repolarization” if >5 leads pass
this ER test and the T wave is tall (T waves with amplitudes
that exceed 1.20 mV or for positive T waves that exceed
0.50 mV and are also >1/2 the size of the peak-to-peak QRS
voltage) in >5 leads, and the sum calculated in the ER test is
>500 pV. ECG signs of coronary artery disease (CAD) were
defined automatically by the software according to Minnesota
criteria.”

All automated ECG interpretations were reviewed for
accuracy by a board-certified cardiologist who confirmed
the presence or absence of ER on the basis of the classic
definition of ER. Interpretation was performed at the time of
acquisition and stored electronically (MUSE ECG database;
GE Healthcare). To ensure diagnostic accuracy, a subset of
2,200 randomly selected electrocardiograms were carefully
examined manually. The K value between automatically and
manually determined ER in this subset was 0.82. In the
analysis, only the electrocardiograms classified as ER by the
automated algorithm were considered as AER in this study.
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