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A pressing contemporary problem in cardi- 
ology is the identification of patients with 
coronary heart disease who are susceptible to 
sudden arrhythmic death. This might be fa- 
cilitated if the myocardium prone to catas- 
trophic arrhythmia could be shown to possess 
a predisposition to enhanced ectopic activity. 
Lown (1) has developed a method to unmask 
increased Purkinje fiber automaticity follow- 
ing digitalization. In the digitalized heart, 
delivery of an early diastolic low energy 
pulse to the endocardium results in a multi- 
ple rather than a single propagated response. 
A pertinent question is whether such a repe- 
titive ventricular response (RVR) is also ex- 
hibited by thIe ischemic myocardium. This 
question was examined in mongrel dogs sub- 
jected to ligation of the left anterior descend- 
ing coronary artery by a modified two-stage 
Harris technique (2). After ligation, Harris 
observed two successive distinct phases of 
arrhythmia: a quiescent period of 4.0 to 8.0 
hr in which there was little arrhythmia; and 
a period of multifocal ventriciilar tachycardia 
(VT) persisting for 24 to 48 5r. This inves- 
tigation examined the occurrence of RVR dur- 
ing the quiescent period after a multistage 
coronary artery occlusion. 

Materials and Methods. These studies were 
carried out on 11 mongrel dogs weighing be- 
tween 18 and 24 kg and consisted of three 
phases: (a) placement of an inflatable bal- 
loon around the left anterior descending 
coronary artery; (b) inflation of the balloon 
after recovery from operation; and ( c )  test- 
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ing for RVR 
cent period. 

Dogs were 
pentobar bi tal 

Bent Brigham Hospital, 

during the postocclusion quies- 

anesthetized with 30 mg/kg of 
and ventilated with a Harvard 

pump through a cuffed endotracheal tube. 
The chest was opened through a fourth left 
intercostal space incision and the anterolater- 
a1 aspect of the heart was exposed. The left 
anterior descending coronary artery was d(is- 
sected at  the level of the left atrial appendage 
and a small silastic balloon ( 3 )  was placed 
around the vessel. The polyvinyl tubing con- 
necting with the balloon was fixed to the 
pericardium, brought out through an inter- 
costal space and then funnelled subcutane- 
ously and externalized in the nape of the 
neck. 

On days 5 to 7 after balloon placement, 
dogs were reanesthetized with pentobarbital 
and ventilation was again sustained by means 
of a Harvard pump through a cuffed en- 
dotracheal tube. Coronary artery occlusion 
was accomplished in the following manner: 
the balloon was inflated with 1 ml of saline 
for 1, 2 and 5 min with each period oif 
inflation separated by a 1-min period of 
deflation. After the last inflation-deflation se- 
quence, the balloon was reinflated and the 
tubing was tied. This marked the time of 
onset of occlusion. A Teflon-coated multi- 
strand-wire electrode was introduced through 
a jugular veir, into the right ventricle. Proper 
position was ascertained by record\ing a right 
ventricular endocavitary electrogram and by 
evoking a propagated ventricular response 
with a stimulus of less than 0.5 mA in middi- 
astole. The indifferent electrode was attached 
through a needle fixed in the precordial 
area. The test stimulus employed was a 2 
msec square wave constant current pulse of 
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adjustable amplitude that could be varied 
from 0.1 to 10.0 mA with an accuracy of 3%. 
The stimulus was synchronized to the R 
wave of the surface electrocardiogram (ECG) 
and timed in the cardiac cycle through an 
adjustable delay permitting variations from 
10 to 400 msec with an accuracy of t 3 
msec. An ECG lead I1 was continuously mon- 
itored until the emergence of spontaneous 
VT, defined as three consecutive ventricular 
ectopic beats. After the occlusion, attempts to 
evoke RVR were made a t  hourly intervals. 
The threshold for a single propagated re- 
sponse was first determined in electrical mid- 
diastole, and a ventricular stimulus of 2 mA 
was used for stimulation (approx 4X thresh- 
old). The refractory period was then deter- 
mined by exploring the cardiac cycle. This 
was accomplished by reducing R-stimulus in- 
terval by 10 rnsec increments until no re- 
sponse could be elicited. Testing for RVR 
was studied at  spontaneous as well as at  
paced heart rates of 180 and 200 beats/min 
(bpm). 

Atrial pacing was accomplished by means 
of a Teflon-coated muleistrand steel wire 
electrode introduced into the right atrium 
through a jugular vein. The indifferent elec- 
trode was attaahed to a subcutaneous needle 
positioned over the precordium. Stimulus in- 
tensity was maintained at  the threshold re- 
quired for a propagated atrilal response. To 
permit development of RVR after delivery of 
right ventricular test stimuli, the atrial pace- 
maker was electronically short-circuited for 
an interval just sufficient to block three pac- 
ing stimuli. 

Results. The quiescent period, character- 
ized by absenae of VT, lasted for a mean 
duration of 7.5 hr. During this interval, RVR 
could be demonstrated in 10 of the 11 dogs 
(Fig. 1) .  The RVR phenomenon was charac- 
terized by the emergence of one or more 
ventricular ectopic beats following the electri- 
cally evoked response. The interval between 
the electrically induced and spontaneously 
occurring responses was always longer than 
the underlying cycle interval and RVR never 
dwenerated into ventricular fibrillation. 

The mean appearance time of RVR after 
coronary occlusion was 3 .7  hr. Once RVR 
could be evoked it  persisted until develop- 

ment of VT in all but two animals. In  one 
dog, RVR dreveloped 1 hr postocclusion, dis- 
appeared at  2 hr, but reemerged at 3 hr and 
persisted for an additional 3 hr until develop- 
ment of VT. A similarly transient disappear- 
ance of RVR was noted in a second animal. 

The diastolic threshold for a single propa- 
gated ventricular response did not change as 
a result of occlusion and never exceeded 0.4 
mA (range 0.2 to 0.4 mA). 

In  six animals the width of the RVR zone 
was determined a t  10 msec intervals within 
the cardiac cycle throughout the quiescent 
period. In five dogs the zone of RVR widened 
progressively and encompassed an extensive 
period of diastole prior to the onset of VT. 
The morphology of the RVR complex was 
unaltered when elicited from different parts 
of the cardiac cycle. The morphology of the 
RVR complex usually differed from the re- 
sponse directly evoked by electrical stimula- 
tion (Eig. 1) .  Differing heart rates did not 
alter the ease of producing RVR, morphology 
of the QRS complex, or duration of the 
RVR zone. These attributes of RVR re- 
mained unaltered whether the mechanism 
was sinus rhythm or atrially paced rhythm at 
rates of 180 or 200 bpm. 

Discussion. I n  the normal animal a single 
electrical stimulus applied to the heart evokes 
a single response. The exception is when a 
large suprathreshold pulse is discharged dur- 
ing the ventricular vulnerable period ; ventri- 
cular fibrillation may then ensue. Following 
myocardial infarction, a stimulus inadequate 
to precipitate ventricular fibrillation when de- 
livered in the vulnerable period may still pre- 
cbitate VT (4).  Within 4 min of occlusion of 
the LAD coronary in dogs, Han, Goel and 
Hanson ( 5 )  noted that repetitive ventricular 
responses followed stimulus-induced prema- 
ture systoles. Kaplinsky, Yahini and Neufeld 
(6 ) .  as well as Sherlag and co-workers ( 7 ) ,  
noted paroxysms of arrhythmia including 
ventricular fibrillation to follow rapid pacing. 
Tn these exDeriments (5-7) reentry was pre- 
sumed to be the basis for arrhythmia. Tn- 
deed, Han, Goel and Hanson ( 5 )  demon- 
strated slowed conduction time in the ischpm- 
ic area, thus permitting recovery of excitabil- 
ity in noninfarcted myocardium in time to 
accept a reentrant impulse emerging from the 
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FIG. 1. Two hours after coronary artery ligation an 

early diastolic stimulus elicits but a single response 
but no repetitive ventricular response (RVR): (left 
panel) three limb leads recorded simultaneously. 
However, within 4 hr following coronary occlusion, 
an additional response or RVR is provoked (right 
panel). 

ischemic area. 
The RVR represents a different category of 

response. I t  may be evoked from middias- 
tole and not just from the vulnerable period. 
A near-threshold stimulus is adequate. It can- 
not be elicited immediately after coronary 
artery ligation and requires several hours for 
evolution of responsiveness. An RVR phenom- 
enon can also be evoked from the digital- 
ized animal where enhanced Purkinje fiber 
automaticity is the basis of ectopic activity. 
These factors suggest RVR is due to pace- 
maker automaticity enhancement. When a 
coronary artery is abruptly occluded, there is 
a high immediate incidence of VT and ven- 
tricular fibrillation. It would thus appear that 
following coronary artery occlusion there are 
two sequential phases of altered excitability: 
an initial phase with impaired conduction 
within the ischemic tissue favoring reentrant 
rhythms including ventricular fibrillation ; 
and a second phase characterized by ever 

increasing Purkinje fiber automaticity lead- 
ing to VT. Inded, Kerzner and co-workers 
(8) also demonstrated two such differing re- 
sponse. patterns by utilizing vagal stimulation 
as the provocative maneuver for exposing 
changing cardiac excitability following coro- 
nary artery occlusion. 

Summary. Single threshold stimuli were 
delivered to the endocardium during early 
diastole in 11 dogs hourly following mul- 
tistage balloon occlusion of the left anterior 
descending coronary artery. RVR could be 
evoked in all but one animal with a mean 
appearance time of 3.7 hr after coronary oc- 
clusion and preceding onset of spontaneous 
VT by an average of 2.5 hr. Thie RVR 
phenomenon may be helpful in unmasking 
electrical instability in the presence of 
coronary heart disease and in providing a 
simple technique for studying the effects of 
various interventions on the altered electro- 
physiologic properties of the ischemic heart. 
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