Experimental Study on the Mechanism of
Ventricular Arrhythmias and Delayed Potentials
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Fig.1. Schematic representation of the experimental model. The heart is presented as viewed
from the left ventricular apex. Refer to the list for the abbreviations used in all figures.

right ventricular outflow tract; RVR, repetitive ventricular response ; VA, ventricular
arrhythmias ; Vf, ventricular fibrillation; VT, ventricular tachycardia
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Fig. 2. Programmed ventricular stimulation.
Three ventricular premature beats (S;, S; and S,)

are consecutively given during ventricular pacing
(S,) with a basic cycle length of 350 msec.
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Fig.3. Epicardial maps during sinus rhythm. In
both maps, the heart is presented as cut from the
apex to base along the posterior interventricular
groove and the latest recorded site of epicardial
activation (solid circle) locates near the epi-
cardial breakthrough site (black star). The
numbers indicated in the maps are activation
times (msec).
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Fig. 4. Delayed potentials during sinus rhythm. In panel A, ECG lead II (II), a right atrial
electrogram (RA), reference electrograms from the right (RVOT and RVA) and left (NZ,
BZ and 1Z) ventricles and a mapping electrogram (Epi) are displayed from top to bottom.
Delayed potentials (arrows) occur with some interval after the end of ventricular
depolarization as judged from the surface ECG tracing and reference electrograms. In
panel B, the heart is viewed from the left ventricular apex. Asterisks denote the sites
where delayed potentials are recorded in 14 dogs with chronic myocardial infarction.
LAD, left anterior descending coronary artery.

BZlr g i
_|.|” : - ___-_-l. —
SENE Mk AR
E"ﬂfmﬁ i iy BN Vi e

Fig.5. Display of delayed potentials recorded from 5 different sites. Delayed potentials
(Epi) occur 45, 55, 65, 70 and 80 msec after the onset of reference electrograms (BZ)
recorded from the border zone.
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Fig. 6. Delayed potentials with a regilar 2 : 1
conduction block. Arrows point out delayed
potentials.
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Fig. 7. Variation in the delayed interval of delay-
ed potentials in response to ventricular stimula-
tion. In panel A, scanning with progressively
shorter S,-S, (open square) and S,-S; (open circle)
is displayed at a basic cycle length of 350 msec.
In panel B, the pattern of response shown is
insignificant in change at a longer S,-S, interval
compared to that shown in panel A. Solid
circles indicate the induction of ventricular
tachycardia.

Fig.8. Repetitive ventricular response in a dog
without delayed potentials. A nonstimulated
ventricular beat (RVR) occurs after the last
premature stimulus (S;). The earliest activation
is recorded at site 4 in the endocardial (endo)
border zone (arrow).
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Fig.9. Spontaneous termination of sustained ventricular tachycardia in a dog without
delayed potentials. In the bottom tracing diastolic activities (arrows) are observed with
a1l : 1conduction. This tachycardia terminates spontaneously with sudden prolongation
of the interval of diastolic activities. The numbers between arrows indicate the intervals

between them (msec).
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Fig. 10. Repetitive ventricular response in a dog with delayed potentials.
ventricular beat (RVR) occurs after the premature stimulus (Ss).
observed in 6 electrograms recorded from the infarction zone (1Z, 1-6).

500 msec,

A nonstimulated
Delayed potentials are
Delayed potentials

at site 5 (arrows) show a marked prolongation of delayed interval.
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Fig.11. Initiation of sustained ventricular tachycardia in a dog with delayed potentials.
Monomorphic sustained ventricular tachycardia is initiated by two consecutively given ventricular
premature beats (S, and S;) during ventricular pacing with a basic cycle length of 350 msec.
Delayed potentials (arrows) are observed during tachycardia as well as during stimulation.
Arrowheads point out the time of stimuli S;, S, and S,.
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"

Fig.12. Epicardial map during sustained ventricular tachycardia. Delayed potentials
(asterisks) are recorded from 3 sites near the epicardial breakthrough site (black star).
The numbers indicated in the map are activation times (msec), measured from the onset
of QRS complex.
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Fig.13. Pattern of conduction during sustained ventricular tachycardia. Each dot indicates the
measurement point in the left ventricular apex. In panel A, epicardial activation spreads from the
epicardial breakthrough site (black star) both clockwise and counterclockwise around the area of
functional conduction block (dotted line). These two wave fronts join into a common wave front
(white arrow) 100 msec after the onset of QRS complex. In panel B, delayed potentials are
recorded from the area between the common wave front and epicardial breakthrough site forming
a reactivating wave front (black arrow).



132 E5 3

O m P
.,‘ . ,...‘V:. _llﬁ {

U

B =
—1807T T 180
Bl o

Fig. 14. Reversible disappearance of delayed
potentials by epicardial cooling. A: Before
cooling, delayed potentials occur 170 msec after
the ventricular stimulation. B and C: Delayed
potentials with a 2 : 1 conduction block. D:
Delayed potentials disappear completely. E:
After the release of cooling, delayed potentials
reappear 180 msec after the ventricular stimula-
tion.
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Fig. 15. Effects on tachycardia initiation by epicardial cooling. A : Before cooling,
sustained ventricular tachycardia is initiated by two consecutively given premature beats
(S, and S;) during ventricular pacing. B: After cooling, a repetitive ventricular response
with a prolonged coupling interval is initiated by the same mode of programmed
stimulation. C: A shorter S,-S; (160 msec) results in the initiation of ventricular

fibrillation.
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Fig.16. Histopathologic findings. In panel A, a
schema of slice section from the left ventricular
apex is displayed. Delayed potentials are
recorded from the epicardial surface of the
infarction zone (asterisk). Dark shading repre-
sents surviving myocardial fibers. In panel B, a
histological picture of the infarction zone
surrounded with dotted lines in panel A is
displayed. Hematoxylin-eosin stain (X 20).
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Abstract

The present study was pursued to investigate the mechanism of ventricular arrhythmias (VA)
and the role of delayed potentials (DPs). Twenty-two of 35 dogs survived the ligation of the left
anterior descending coronary artery and underwent an open-chest electrophysiologic study in the
the chronic phase of myocardial infarction. During sinus rhythm, DPs were recorded from the
infarction zone in 14 dogs by epicardial mapping. To induce VA, programmed stimulation was
carried out at multiple ventricular sites. During the stimulation, the delayed interval of DPs was
prolonged as the coupling interval of premature stimulation was shortened. In 4 dogs, sustained
ventricular tachycardia (VT) was electrically induced, and in 2 dogs with DPs, sustained VT was
reproducibly initiated and terminated by programmed stimulation. In these 2 dogs, epicardial
mapping revealed microreentry and macroreentry as the mechanism of VT. In microreentrant
VT, DPs were recorded from the sites of the latest epicardial activation. In macroreentrant VT,
epicardial activation spread from the epicardial breakthrough site both clockwise and counter-
clockwise around the area of functional conduction block. These two wave fronts fused into a
common wave front conducting to DPs during VT. The terminal part of the reentrant circuit
consisted of DPs forming a reactivation wave front. Epicardial cooling resulted in reversible
disappearance of DPs during sinus rhythm and ventricular pacing. Using this technique, it was
confirmed that DPs were the source of reentrant VA acting as slow conduction. Based on the
results of the present study, more definitive diagnosis and more appropriate surgical management

of VT will be achieved.




