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OBJECTIVES The goal of this study was to compare T-wave alternans (TWA), signal-averaged electro-
cardiography (SAECG) and programmed ventricular stimulation (EPS) for arrhythmia risk
stratification in patients undergoing electrophysiology study.

BACKGROUND Accurate identification of patients at increased risk for sustained ventricular arrhythmias is
critical to prevent sudden cardiac death. T-wave alternans is a heart rate dependent measure
of repolarization that correlates with arrhythmia vulnerability in animal and human studies.
Signal-averaged electrocardiography and EPS are more established tests used for risk
stratification.

METHODS This was a prospective, multicenter trial of 313 patients in sinus rhythm who were undergoing
electrophysiologic study. T-wave alternans, assessed with bicycle ergometry, and SAECG
were measured before EPS. The primary end point was sudden cardiac death, sustained
ventricular tachycardia, ventricular fibrillation or appropriate implantable defibrillator (ICD)
therapy, and the secondary end point was any of these arrhythmias or all-cause mortality.

RESULTS Kaplan-Meier survival analysis of the primary end point showed that TWA predicted events
with a relative risk of 10.9, EPS had a relative risk of 7.1 and SAECG had a relative risk of
4.5. The relative risks for the secondary end point were 13.9, 4.7 and 3.3, respectively (p ,
0.05). Multivariate analysis of 11 clinical parameters identified only TWA and EPS as
independent predictors of events. In the prespecified subgroup with known or suspected
ventricular arrhythmias, TWA predicted primary end points with a relative risk of 6.1 and
secondary end points with a relative risk of 8.0.

CONCLUSIONS T-wave alternans is a strong independent predictor of spontaneous ventricular arrhythmias or
death. It performed as well as programmed stimulation and better than SAECG in risk
stratifying patients for life-threatening arrhythmias. (J Am Coll Cardiol 2000;36:2247–53)
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Accurate identification of patients at increased risk for
sustained ventricular arrhythmias is critical for the develop-
ment of effective strategies to prevent sudden cardiac death.
Traditionally, left ventricular ejection fraction and measures
of ambient arrhythmia were used to identify high-risk
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cohorts and to evaluate the utility of the prophylactic
administration of antiarrhythmic drugs (1). Unfortunately,
this strategy has not proven beneficial in reducing mortality

(2–5). Recently, programmed ventricular stimulation during
electrophysiology (EPS) testing (6,7), but not signal aver-
aged electrocardiography (SAECG) (8), identified a cohort
with left ventricular dysfunction who had improved survival
with implantable cardioverter-defibrillator (ICD) place-
ment. However, programmed stimulation is invasive and
costly. Accordingly, improved noninvasive markers of ar-
rhythmia vulnerability are needed. In this regard, T-wave
alternans (TWA) is a promising new technique (9).

T-wave alternans is a heart rate-dependent measure of
repolarization (10). Previously, TWA induced with atrial
pacing was shown to predict ventricular arrhythmias in
patients undergoing EPS (11). Subsequently, techniques
were developed to allow assessment of alternans noninva-
sively with exercise. There is a high concordance between
exercise-induced and pacing-induced TWA (12). More-
over, TWA measured noninvasively predicts the induction
of ventricular tachyarrhythmias at EPS (13) as well as
appropriate discharges in patients with ICDs (14). How-
ever, the predictive value of TWA measured noninvasively
in patients undergoing arrhythmia evaluation is unknown.
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