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mplantable cardioverter-defibrillator detection of
epolarization alternans: Uncovering a marker of electrical
nstability
avid J. Christini, PhD, Bruce B. Lerman, MD

rom the Department of Medicine, Division of Cardiology, Weill Medical College of Cornell University, New York,

ew York.
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Repolarization alternans, which manifests on the surface
CG as T-wave alternans (TWA), is a beat-to-beat alterna-

ion in ventricular repolarization. In the 1980s, a close
orrelation was found to exist between TWA and vulnera-
ility to ventricular fibrillation in animals.1–3 In the 1990s,
ith additional technical refinements, TWA on a microvolt

cale was correlated with risk for recurrent clinical ventric-
lar arrhythmias and sudden cardiac death.4–11

More recently, experimental and computational studies
ave shown that repolarization alternans can trigger cardiac
eentry,12–15 although whether this occurs clinically is not
et known. The mechanism for reentry initiation involves
patially discordant alternans, in which areas of long–short
ction potential duration (APD) alternation occur adjacent
o areas of short–long APD alternation. Such discordance
an produce steep spatial gradients of repolarization that
rovide the substrate for unidirectional functional block and
eentry.13,16–20

Given the putative link between repolarization alternans
nd reentry initiation, it might be clinically beneficial for
mplantable cardioverter-defibrillators (ICDs) to monitor for
he development of alternans. The possible benefits of such
n approach include (1) enabling prediction of imminent
rrhythmia onset, thereby enabling the ICD to intervene
arlier and/or to alert the patient of an impending shock, and
2) enabling stimulation-based termination of alternans as a
eans of preventing reentry.21–24

A number of studies have investigated endocardial de-
ection of repolarization alternans. Nearing et al4 quantified
epolarization alternans in dogs using a bipolar measure-
ent between an electrode placed in the apex of the left

entricle through a carotid artery and a transcutaneous nee-
le electrode in the hip. Other investigators demonstrated
hat APD alternans could be detected endocardially in hu-
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ans using a monophasic action potential catheter.25 Later,
t was shown that short repolarization alternans sequences
four beats) on ICD electrograms (EGMs) were present
rior to the onset of ventricular tachycardia in dogs with
yocardial infarctions.26 Pursuant to these findings, an ICD

ead positioned in the right ventricular apex (i.e., in a clin-
cally realistic position) can be used to detect alternans on a
eat-to-beat basis.27 In clinical electrophysiology studies, it
as shown that a high concordance exists between repolar-

zation alternans detected from unipolar endocardial signals
cquired via an electrophysiology lead and TWA detected
n the surface ECG.28

Nevertheless, none of these studies “closed the loop” on
linical implantable device detection of alternans. In this
ssue of Heart Rhythm, Paz et al29 have done so by using
CDs in patients to assess the correlation between alternans
etection via surface ECGs and ICD EGMs.

The authors analyzed ICD EGMs from 25 patients. For
ach study, the ICD was reprogrammed so that its signal
rocessing maximized T-wave amplitude. EGMs were ac-
uired during pacing from typical ICD–lead electrode com-
inations and used to generate composite power spectra
veraged over the duration of the T wave.

The findings of the study are compelling. Most notably,
high degree of concordance was found between the de-

ection of alternans on the ECG and EGM signals (84%),
upporting the hypothesis that the signals are markers of the
ame phenomenon and demonstrating that ICD signals can
etect alternans effectively. In addition, both ICD and sur-
ace signals were able to predict (in 6/7 cases) appropriate
CD therapy over 6-month follow-up. As expected, EGM
lternans magnitude was significantly larger (�10�) than
CG alternans magnitude, which is attributable to a larger
ignal-to-noise ratio for the endocardial signals.27 In partic-
lar, EGM alternans was highest for the largest, most
idely spaced electrode configuration (right-ventricular

distal] coil electrode to ICD housing [can]), which is con-
istent with the hypothesis that alternans is a spatially ex-
ended phenomenon involving large regions of myocar-
ium.

As the authors note, a number of significant issues re-
ain to be addressed by future studies before such an
pproach can be useful clinically. First and foremost is the

. doi:10.1016/j.hrthm.2006.04.001
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etermination of whether alternans really is a reentry trigger
as would be required for alternans termination strategies to
e useful) or even is a marker of imminent reentry onset
which at least might enable quicker ICD therapy initiation
r patient alerts). Although it has been shown experimen-
ally that alternans can trigger reentry, whether this occurs
linically is not yet known. ICD-detected alternans was
hown to precede tachyarrhythmia onset in a single case
tudy,30 but a full-scale study is needed. Second, in the
resent study, the dynamic range of each ICD was repro-
rammed to increase T-wave amplification and thereby aid
lternans detection. It will be necessary to investigate the
mpact of such rescaling on other ICD detection algorithms
e.g., tachyarrhythmia detection) and/or to develop alter-
ans detection algorithms that work using standard ICD
mplifier settings. Third, if such an approach were to be
sed for stimulation-based termination of alternans (as a
eans of preventing reentry),21–24 then beat-to-beat detec-

ion of alternans,27,28 rather than an aggregated power spec-
ral approach such as that used in this study, would be
equired.

The need for additional studies notwithstanding, Paz et
l29 have significantly advanced the state of the art of ICD
lternans detection. In so doing, they have demonstrated
hat it is technically feasible for ICDs to detect the emer-
ence of alternans, thereby potentially enabling an ICD
esponse upon alternans initiation.
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