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Abstract

It has been shown that repolarization alternans, a beat-

to-beat alternation in action potential duration, enhances

dispersion of repolarization above a critical heart rate

and promotes susceptibility to ventricular arrhythmias. It

is unknown whether repolarization alternans is measur-

able in the atria using standard pacemakers and whether

it plays a role in promoting atrial fibrillation. In this

work, atrial repolarization alternans amplitude and pe-

riodicity are studied in a sheep model of pacing-induced

atrial fibrillation. Two pacemakers, each with one right

atrial and ventricular lead, were implanted in 4 male sheep

after ablation of the atrioventricular junction. The first

one was used to deliver rapid pacing for measurements of

right atrial repolarization alternans and the second one

to record a unipolar electrogram. Atrial repolarization

alternans appeared rate-dependent and its amplitude in-

creased as a function of pacing rate. Repolarization alter-

nans was intermittent but no periodicity was detected. An

increase of repolarization alternans preceding episodes of

non-sustained atrial fibrillation suggests that repolariza-

tion alternans is a promising parameter for assessment of

atrial fibrillation susceptibility.

1. Introduction

Atrial fibrillation (AF) is the most frequent sustained ar-

rhythmia, and is commonly responsible for morbid and fa-

tal complications. The present project intends to investi-

gate the ability of original electrophysiological parameters

to predict AF susceptibility in a pacing-induced model of

AF.

Decreased action potential duration, increased disper-

sion of refractory periods and inhomogeneous atrial con-

duction [1] are the hallmark of patients suffering from AF.

However, in patients suffering from AF: 1) up to 30% of

episodes occur without cardiopulmonary disease and 2) the

critical amount of dispersion of repolarization required for

reentry does not appear to be always present at rest. Re-

polarization alternans (Re-ALT), a beat-to-beat alternation

in action potential amplitude and duration [2], enhances

dynamically dispersion of repolarization when conduction

velocity is engaged at long coupling intervals (i.e. slow-

ing of propagation at long diastolic intervals) [3]. It is un-

known, however, whether Re-ALT plays a role in promot-

ing AF, and whether the engagement of conduction veloc-

ity at slower pacing rate as well as pacing-induced atrial

electro-anatomical remodeling decrease alternans thresh-

old. We report on the feasibility of studying atrial Re-ALT

amplitude and periodicity in a sheep model of pacing in-

duced AF. We first describe the experimental procedure

and the parameters extraction approach used. Then, we

present preliminary results on the kinetics of Re-ALT am-

plitude.

2. Methods

Two pacemakers (VitatronTM ), each with 2 leads, were

implanted in four sheep. Two leads were screwed in the

right atrium (RA) and two in the right ventricle to insure

atrioventricular (AV) synchrony. The first pacemaker was

used to record a broadband (sampling frequency 800 Hz,

0.4 Hz high pass filter) intracardiac unipolar atrial electro-

gram (EGM), as shown in figure 1, and to perform ventric-

ular pacing during burst pacing. The second pacemaker

was used to deliver long term intermittent burst pacing and

electrophysiological protocols (S1S1), and to insure AV

synchrony during sinus rhythm. Atrial EGM and subcu-

taneous ECG were recorded with a Holter device.

At short pacing cycle length (CL), 2:1 AV conduction

artificially produced atrial Re-ALT because the far-field

ventricular depolarization impinged on the preceding atrial

repolarization on an every-other-beat basis. To overcome

this issue, the AV junction was ablated and ventricular

leads were implanted to pace the ventricles [4].

2.1. Experimental procedure

Two different pacing protocols were used in the exper-

imental procedure. The first one (S1S1) was used to de-
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Figure 4: Repolarization alternans preceding an episode of non

sustained AF. Subcutaneous ECG (top) and atrial EGM (bottom).

The first half of the figure shows 1:1 atrial capture during rapid

pacing at 180 ms CL, followed by a run of non sustained AF seen

as a change in signal morphology in the second half of the figure

(horizontal arrow). A detailed analysis revealed gradual and subtle

Re-ALT (black arrows) over the last beats preceding arrhythmia

onset.

rapid pacing mimicking pulmonary vein tachycardia did

not lower Re-ALT threshold but increased the range of CL

during which Re-ALT took place. This may facilitate alter-

nation of atrial repolarization and wavebreaks over a wider

range of heart rates as during the remodeling process of

patients suffering from paroxysmal AF.

Intermittence of Re-ALT has been reported experimen-

tally [3] and clinically [10]. Mirinov et al. [3] showed

that intermittent Re-ALT was related to unstable nodal

lines and slow APD accommodation following a change

in pacing rate. Selvaraj et al. [10] showed spatially out

of phase (i.e. discordant) intermittent Re-ALT. Although

in the present study recordings were performed at a sin-

gle right atrial site, the observation that Re-ALT was in-

termittent suggests that intervals without alternation corre-

sponded to nodes separating spatially out of phase regions.

Hence, intermittent Re-ALT could be used as a marker of

atrial and ventricular discordant alternans but requires fur-

ther clinical validation.

Whether T-wave alternans is a clinical marker of ar-

rhythmia susceptibility remains a matter of debate. Swerd-

low et al. [11] recently reported an increase in Re-ALT

amplitude preceding ventricular arrhythmias as provided

by ICDs. Narayan et al. [12] showed that patients

with atrial flutter disorganizing into AF displayed lower

Re-ALT threshold and conduction block at the RA isth-

mus. Interestingly, as shown in Figure 3 panel B, Re-ALT

surged and showed the highest amplitude in the very last

beats before AF. This finding suggests that intermittent Re-

ALT might promote wavebreaks and atrial reentry during

atrial tachycardia, but this deserves further experimental

validation.
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