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Postinfarction sudden death: Significance of 
inducible ventricular tachycardia and infarct size 
in a conscious canine model 

The relationship between inducible ventricular tachycardia in the convalescent phase of 
myocardial infarction and subsequent spontaneous ventricular fibrillation is uncertain. Thirty 
conscious instrumented dogs underwent programmed ventricular stimulation 5 days after anterior 
infarction; 15 had inducible ventricular tachycardia and 15 were noninducible. Following 
programmed ventricular stimulation, the application of a 150 uA current to the intima of the 
proximal circumflex artery initiated intimal damage, thrombosis, and acute ischemia of the 
posterolateral wall. After 20 minutes of ischemia, 73% inducible and 15% noninducible animals 
developed ventricular fibrillation (p < 0.005) without previous hypotension. At 24 hours, 7% 
inducible and 85% noninducible animals survived (p < 0.001). Anterior infarct size (percentage of 
left ventricular mass) was much larger in inducible (24.7 f 1.7%) than in noninducible 
(5.3 k 1.1%) (p < 0.001) animals. Inducible ventricular tachycardia following infarction was highly 
predictive of spontaneous ventricular fibrillation during a later ischemic episode in this model. 
The mass of previously injured myocardium was a critical determinant of both. (AM HEART J log:& 
1985.) 

David J. Wilber, M.D., Joseph J. Lynch, Ph.D., Daniel Montgomery, and 
Benedict R. Lucchesi, Ph.D., M.D. Ann Arbor, Mich. 

Over one half of all sudden deaths occur in patients 
with prior myocardial infarction,‘e3 with the majority 
occurring in the first few months after infarction.4*5 
Left ventricular dysfunction and frequent ventricu- 
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lar ectopy are present in the majority of those who 
will subsequently die suddenly.6-s However, the pres- 
ence of these chronic abnormalities fails to explain 
why particular individuals experience fatal arrhyth- 
mias at specific points in time. Recent evidence 
suggests that patients who demonstrate recurrent, 
transient episodes of ischemia after infarction, 
either at rest or with exercise, are at higher risk of 
later sudden death. Schuster and Bulkleyg found a 
27% incidence of sudden death over an average 
follow-up of 3 months in patients who manifested 
postinfarction angina during their early convales- 
cence. Theroux et al.‘O studied 210 patients without 
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angina or clinical heart failure by submaximal exer- 
cise testing 2 weeks after infarction. Patients with 1 
mm or more of ST segment depression during 
exercise had a 15% incidence of sudden death at 1 
year compared to less than 1% incidence among 
those without ST depression. Acute ischemia there- 
fore may be an important trigger event for sudden 
death in many of these patients. 

In an attempt to refine the identification of 
high-risk patients and to direct preventive therapy, 
several groups of investigators have applied the 
techniques of programmed ventricular stimulation 
to patients in the early convalescent phase of infarc- 
tion. Initial studies indicated a relatively high pre- 
dictive value of inducible ventricular tachycardia for 
sudden death over the following year.“, ly Subse- 
quent reports have been less encouraging. However, 
significant differences exist in patient selection, 
induction protocol, criteria for a positive response, 
and timing of study after the index infarction, 
precluding definitive conclusions.‘“-‘” Recently, this 
laboratory has developed a conscious canine model 
for the study of sudden death precipitated by an 
episode of acute ischemia superimposed upon chron- 
ic infarction.lfi In this investigation we examine the 
characteristics of the convalescent postinfarct dog, 
including the response to programmed stimulation, 
that influence the likelihood of ventricular fibrilla- 
tion following a subsequent ischemic episode. 

Fig. 1. Representation of the surgical preparation, dem- 
onstrating the placement of atria1 (A) and ventricular (II) 
bipolar stimulating electrodes. The circumflex intimal 
electrode (C) is attached at a later time to the positive pole 
of a g-volt nickel-cadmium battery and variable resistor; 
the negative pole is a subcutaneous electrode. A critical 
left anterior descending artery stenosis (0) remains in 
place after production of anterior infarction (E) by 2-hour 
occlusion at the site of stenosis. 

Table I. Baseline characteristics of the conscious canine 
model 4 to 6 days after myocardial infarction 

--...__ 
Inducible Noninduciblr~ 

C’haracteristics (n = 15) (n = 15) 

METHODS 

Surgical preparation. Male mongrel dogs, weighing 14 
to 20 kg, were anesthetized with sodium pentobarbital, 30 
mg/kg, and ventilated on room air with a Harvard respira- 
tor via a cuffed endotracheal tube. By means of aseptic 
techniques, a left thoracotomy was performed in the 
fourth intercostal space. The pericardium was opened and 
the heart was suspended in a pericardial cradle. The left 
anterior descending coronary artery was isolated at the tip 
of the left atria1 appendage. A stenosis was produced by 
placing a ligature around both the artery and a 20-gauge 
hypodermic needle, and subsequently withdrawing the 
needle. Previous work has suggested that this degree of 
stenosis is sufficient to limit reactive hyperemia in 
response to a brief (10 second) coronary occlusion.‘” The 
objectives in producing the stenosis were to limit arrhyth- 
mias immediately upon reperfusion” and to more closely 
mimic the clinical situation where therapeutic or sponta- 
neous reperfusion occurs in the setting of significant 
residual coronary stenosis. The artery then was occluded 
for 2 hours by means of a share formed with a loop of 
silicone rubber tubing passed through a polyethylene 
tube. Return of blood flow was assured in all instances by 
visible distention of the distal artery upon release of the 
snare and the return of normal color to the epicardium of 
the distal perfusion bed. 

The left external jugular vein and the left common 

Weight (kg) 
Heart rate (bpm) 
Mean arterial pressure 
QRS duration (msec) 
PR interval (msec) 
QT, interval (msec) 
Excitability threshold (volts) 
Effective refractory period 

(msec) 
Anterior infarct size ( CC, 01 

left ventricular mass) 

l-T.4 2 (I.:! 
114 2 6 

93 + 3 
56 i 1 

108 i 5 
302 ? 10 
2.4 fr 0.’ 

140 2 4 

24.7 i 1.7* 5.:1 * 1.1’ 

*Difference significant, p < 0.001 

carotid artery were isolated and cannulae inserted; these 
were exteriorized to the back of the neck through a 
subcutaneous tunnel. A silver bipolar electrode (1 mm 
diameter, 3 mm separation) was sutured to the left atria1 
appendage. A bipolar stainless steel plunge electrode (25 
gauge, 5 mm length, 2 mm separation) was sutured to the 
right ventricular outflow tract adjacent to the intraventri- 
cular septum. The distal 3 mm of insulated 30-gauge silver 
wire was bared and inserted into the lumen of the left 
circumflex coronary artery parallel to the vessel. The wire 
was sutured in place on the adjacent epicardial surface. 
The pericardium was closed loosely. Subcutaneous silver 
disc electrodes were implanted and all wires were exteri- 
orized. The incision was closed and the animal was 



10 Wilber et al. 

PROQRAMMED VENTRICULAR STIMULATION 

January, 1985 
American Heart Journal 

SUSTAINED ViNTRtCULAR TACHYCARDIA 
--- ---- !  -‘*w---- \ 

\y*p.Y,- 10 Bm..L ., r”; !  

LCX INTIMAL STIMULATION A& P~sTER~UTERAL lscHBM 
; 

Fig. 2. Upper, Programmed stimulation in a dog with a large anterior infarction (30% left ventricle). 
Sustained ventricular tachycardia (rate 255) was induced by double extrastimuli at coupling intervals of 
250 and 180 msec, respectively (arrows) and could be terminated by four, but not two, extrastimuli. Lower, 
Onset of ST elevation occurred after 172 minutes of current flow through the circumflex electrode. After 
15 minutes of ischemia, frequent premature ventricular contractions appeared followed by ventricular 
tachycardia at a similar rate and morphology to the induced arrhythmia. The tachycardia rapidly 
accelerated and degenerated into fibrillation. 

allowed to recover from anesthesia. Fig. 1 illustrates 
various features of the experimental preparation. 

Programmed ventricular stimulation in the convales- 
cent phase. Programmed ventricular stimulation was 
performed 4 to 6 days after anterior myocardial infarction. 
All animals were in sinus rhythm without evidence of 
spontaneous ectopy. The animals were studied in the 
conscious state without sedation and while resting com- 

fortably in a sling. The lead II ECG and aortic pressure 
were recorded continuously on a Grass polygraph. Atria1 
pacing was performed by means of a Grass model S-44 
stimulator and a Grass model PSIU-6 stimulus isolation 
unit. Premature ventricular stimuli were introduced by 
means of a Grass model S-88 stimulator and a Grass model 
SIU-5 stimulus isolation unit. 

After recording of baseline ECG and hemodynamic 
measurements, excitability thresholds were determined 
by the introduction of single premature stimuli at a 
coupling interval of 300 msec during atria1 pacing at a 
cycle length of 400 msec, using incremental voltages until 
capture occurred. Ventricular refractoriness was deter- 
mined by the introduction of single extrastimuli (twice 
threshold, 4 msec duration) during atria1 pacing at the 
same cycle length. The coupling interval of the extrasti- 
mulus (S,) to the basic rhythm (S,) was decreased progres- 
sively from 300 msec until capture failed to occur. Double 
extrastimuli (S&S,) then were introduced during sinus 
rhythm. The initial S-S, interval was set at 50 msec 

greater than the refractory period, and the initial S,-S, 
interval was set at twice the S,-S, interval. The S,-S, 
interval was shortened progressively by 10 msec intervals 
until S, failed to capture. The S, then was moved closer to 
S, and the S,-S, was again shortened by 10 msec decre- 
ments. The entire sequence was repeated until S, failed to 
capture. Triple extrastimuli (S&-S,) were then intro- 
duced in a similar fashion. The entire protocol was 
repeated during atria1 pacing at cycling lengths of 350 to 
400 msec. Finally, burst ventricular pacing was performed 
at cycle lengths of 300 to 600 msec. 

The end points of programmed stimulation were the 
reproducible induction of ventricular tachycardia or com- 

pletion of the protocol. Nonsustained ventricular tachy- 
cardia was defined as five or more repetitive beats, which 
terminated spontaneously within 30 seconds. Ventricular 
tachycardia was considered sustained if it persisted at 
least 30 seconds or, in the event of hemodynamic compro- 
mise, required pacing techniques for termination. If non- 
sustained ventricular tachycardia could be initiated 
repeatedly, more aggressive attempts to induce sustained 
tachycardia were not made. Animals responding with less 
than five nonstimulated depolarizations during the entire 
protocol were designated as being noninducible. If ventric- 
ular tachycardia degenerated into ventricular fibrillation 
before being terminated by pacing, the animal was ex- 
cluded from the study to avoid the potentially confound- 
ing influence of occasionally prolonged resuscitative 
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Fig. 3. Upper, Nonsustained ventricular tachycardia was induced by double extrastimuli (coupling 
intervals of 230 and 150 msec) in an animal with a large anterior infarct (19.5% left ventricle). Lower, The 
onset of ST depression and sinus tachycardia occurs after 200 minutes of current flow through the 
circumflex electrode, followed by frequent premature ventricular contractions and a self-terminating run 
of ventricular tachycardia. A final episode of ventricular tachycardia preceded fibrillation after 4 minutes 
of ischemia. 

efforts on the outcome of the second phase of the investi- 
gation. 

Acute posterolateral ischemia in the convalescent 
phase. After completion of programmed ventricular stim- 
ulation, an anodal direct current of 150 uA was applied to 
the intima of the circumflex coronary artery via the 
previously implanted silver wire. The lead II ECG was 
recorded continuously until death or for 24 hours after the 
onset of ECG evidence of acute &hernia, either directly 
on a Grass polygraph or on a cardiocassette FM record- 
er. 

At the time of death, or after 24 hours of ischemia, the 
heart was excised. The proximal circumflex coronary 
artery was examined for proper placement of the intralu- 
minal wire electrode and evidence of intimal injury; 
intravascular thrombus was removed and weighed. The 
heart was sectioned transversely into 5 to 10 mm slices and 
then incubated in 0.5 % triphenyltetrazolium chloride and 
0.01% phosphate buffer (pH 7.4). Normal myocardium 
stains an intense red and is demarcated clearly from 
irreversibly injured myocardium.18 Infarct mass and total 
left ventricular mass were quantitated gravimetrically. 
Infarct size was expressed as a percentage of the total left 
ventricular mass. 

Experimental design and statistical analysis. Animals 
not excluded because of ventricular fibrillation during 
programmed stimulation were entered into the study until 
15 inducible and 15 noninducible animals could be com- 
pared. Descriptive data are expressed as mean k standard 
error. Differences between group means were analyzed by 

the unpaired Student’s t test. Differences in survival at 
particular points in time were analyzed by a Fisher’s exact 
test. The relationship between posterolateral and anterior 
infarct size in surviving animals was examined by linear 
regression analysis. 

RESULTS 

Programmed stimulation in the convalescent phase. 

On the day of study, inducible and noninducible 
animals were similar with respect to baseline hemo- 
dynamic, ECG, and electrophysiologic parameters 
(Table I). Of the 15 inducible animals, eight had 
sustained ventricular tachycardia (rate 364 -t 26 
ventricular complexes/minute), reproducibly initi- 
ated by single (n = l), double (n = 5), or triple 
(n = 2) extrastimuli. In all cases, ventricular tachy- 
cardia was terminated by one to five extrastimuli 
(Fig. 2, Upper panel). Nonsustained ventricular 
tachycardia (11 t- 3 nonstimulated beats) was initi- 
ated in seven animals by single (n = l), double 
(n = 3), or triple (n = 3) extrastimuli (Figs. 3 and 4). 
Animals with sustained and those with nonsustained 
ventricular tachycardia had identical baseline char- 
acteristics. None of the 15 noninducible animals 
responded with more than three nonstimulated 
complexes during the entire protocol. 

Acute posterolateral ischemia in the convalescent 
phase. After the completion of programmed stimula- 
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Fig. 4. Upper, Nonsustained ventricular tachycardia was induced by double extrastimuli (coupling 
intervals of 180 and 160 msec) in an animal with a large anterior infarction (29% left ventricle). Lower, 
During 5 minutes of ischemia prior to death, only a single premature ventricular contraction preceded the 
onset of ventricular flutter. 

Table II. Acute posterolateral ischemia in the convalescent 
phase of anterior myocardial infarction 

Inducible Noninducible 
(n = 15) (n = 15) 

Time to ST segment change 
(min) 

Peak heart rate after ST 
segment change 

Early ventricular 
fibrillation* 

Posterolateral infarct size 
(% left ventricular 
mass) 

Thombus mass (mg) 

196 f  39 225 k 30 

159 f  6 166 + 12 

11/15 2115 

19 k 1 16.7 + 3.1 
(n = 3) (n = 13) 

7.2 f  1.8 11.2 2 2.3 

*Within 20 minutes of onset of ST segment changes; difference significant, 
p < 0.005. 

tion, the application of an anodal current to the 
intraluminal circumflex coronary artery electrode 
was followed by ECG evidence of posterolateral 
ischemia in leads II, III, and/or aV, at similar time 
intervals for inducible and noninducible animals 
(Table II). The maximum heart rate attained after 
the onset of ischemia also was similar in both 
groups. Within 20 minutes of the onset of ischemia, 
73 % of inducible animals and only 13 % of nonindu- 
cible animals had developed ventricular fibrillation 
(p < 0.005). None of the animals had significant 
hypotension (systolic pressure less than 90 mm) or 
heart block preceding their fatal arrhythmia. 

The ECG events culminating in ventricular fibril- 
lation were variable. Both survivors and nonsurvi- 
vors manifested ventricular ectopy, ranging from 
one or two ventricular complexes to frequent multi- 
form premature ventricular complexes and runs of 
nonsustained ventricular tachycardia (Figs. 2 to 5). 
Because of this wide variability, no attempt was 
made to quantitate the frequency of ectopic beats. 
In all experiments, ventricular fibrillation was pre- 
ceded by a more organized ventricular rhythm, 
which lasted for a few cycles to several seconds 
before terminating in ventricular fibrillation. Two 
patterns emerged. In the first, the initial ventricular 
complexes were uniform and had relatively long 
coupling intervals. After a variable interval, the 
rhythm accelerated and became progressively more 
chaotic. The initial run of ventricular tachycardia 
occasionally (Fig. 2), but not invariably (Fig. 3), 
resembled the previously induced tachycardia in 
rate and morphology. In other animals the initial 
rhythm was a rapid polymorphic ventricular tachy- 
cardia or flutter (Fig. 4). 

No late deaths occurred in the noninducible 
group, while three late episodes of ventricular fibril- 
lation (at 3, 13, and 16 hours after ischemia) 
occurred in the inducible group. Animals that sur- 
vived generally developed striking ventricular ecto- 
py after several hours of quiescence; after 24 hours, 
frequently >50% of all complexes were ventricular 
in origin. Rapid or polymorphic ventricular tachy- 
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Fig. 5. In a noninducible animal with a small anterior infarction (4% left ventricle), ST depression 
appeared after slightly more than 3 hours of current flow through the circumflex wire, followed by 
frequent premature ventricular contractions. After surviving 24 hours of ischemia, the animal had a large 
posterolateral infarct (28% left ventricle) and 80, ‘% of beats were ventricular in origin. 
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Fig. 6. Survival curves over the 24 hours following the onset of ECG evidence of ischemia. 

cardia in this phase was observed rarely, however, 
and death occurred only in the inducible group. 
Representative tracings from a noninducible ani- 
mal that survived 24 hours of ischemia are shown 
in Fig. 5. Survival rate at 24 hours for all animals was 
7% in the inducible group and 87% in the nonin- 
ducible group @ < 0.001). Fig. 6 depicts survival 
curves for the 24-hour period after the onset of 
ischemia. 

Postmortem examination. All animals had intimal 

injury and thrombus formation at the site of the 
implanted circumflex coronary artery electrode. 
There was a trend toward greater thrombus mass in 
the noninducible group, although this was not statis- 
tically significant (Table II). It is likely that this 
trend reflects the longer survival time in the latter 
group. 

The mass of infarcted tissue in the left anterior 
descending distribution, identified both by grossly 
visible infarcted tissue and the absence of histo- 
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Fig. 7. The relationship of inducible ventricular tachy- 
cardia to anterior infarct size (percentage of left ventricu- 
lar mass). 

chemical staining, varied widely. In all animals the 
greatest area of infarction was subendocardial, 
although larger infarcts extended into the subepi- 
cardium and occasionally were transmural. Howev- 
er, infarct size clearly differentiated inducible from 
noninducible animals; inducible animals had much 
larger infarcts (Fig. 7). There was no difference in 
anterior infarct size between animals with inducible 
sustained (23.4 + 2.2% of the left ventricular mass) 
versus nonsustained (26.1 +- 3.3% of the left ven- 
tricular mass) ventricular tachycardia. If the data 
are analyzed by 24-hour survival, regardless of 
inducibility, nonsurvivors had significantly larger 
anterior infarcts (23 k 2.6% vs 6.9 +- 1.8%, 
p < 0.01). All other baseline characteristics did not 
differ between survivors and nonsurvivors. 

All animals surviving more than 4 hours of ische- 
mia had posterolateral infarcts identified by failure 
to stain with triphenyltetrazolium. The posterolat- 
eral infarct size was similar in surviving inducible as 
compared to noninducible animals (Table II). Post- 
erolateral infarct size did not correlate with previous 
anterior infarct size (r = 0.19, p = 0.5). 
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Characteristics of animals excluded from the study. 

Six dogs developed ventricular fibrillation after 
induction of ventricular tachycardia during pro- 
grammed stimulation. The anterior infarct size in 
these animals (25.0 + 2.9% of left ventricular mass) 
and all other baseline characteristics were not signif- 
icantly different from animals with inducible ven- 
tricular tachycardia in which fibrillation did not 
occur. No animal that developed ventricular fibrilla- 
tion had an anterior infarct of less than 15 % . 

DISCUSSION 

Previous investigators have established a relation- 
ship between pathologic and scintigraphic measures 
of infarct size in humans and subsequent overall 
mortality rates after acute myocardial infarction.1s~20 
The role of infarct size in influencing spontaneous 
and inducible arrhythmias in the convalescent phase 
is less well defined. 

Inducible ventricular tachycardia. The ability to 
induce ventricular tachycardia was directly depen- 
dent upon the size of the recent infarct. Failure to 
find differences in infarct size between animals with 
sustained versus nonsustained ventricular tachycar- 
dia may be related to the protocol design, since no 
attempt was made to induce sustained arrhythmias 
once five or more nonstimulated ventricular com- 
plexes were obtained. 

Experimental conditions may alter the relation- 
ship between infarct size and inducible arrhythmias. 
With the use of programmed stimulation from right 
ventricular sites in conscious dogs, others have 
reported findings similar to those of the present 
study.21.22 However, investigators stimulating open 
chested anesthetized animals from multiple left 
ventricular sites could induce ventricular tachycar- 
dia even in animals with extremely small 
infarcts.23’24 In two recent studies, the induction of 
ventricular tachycardia by programmed stimulation 
in the canine heart appeared to be a nonspecific 
response, not dependent upon previous injury, when 
stimulation was performed in open chest anesthe- 
tized animals.25~26 We were unable to induce ventric- 
ular tachycardia or ventricular fibrillation in any 
animal when the extent of myocardial damage was 
less than 10% of left ventricular mass. Previous 
studies in conscious animals support this find- 
ing.16,21,22 Alterations in autonomic tone, which play 
a significant role in arrhythmogenesis,27r28 may occur 
during surgery and anesthesia that facilitate 
tachyarrhythmia induction. It is doubtful that such 
arrhythmias are clinically relevant. 

In humans, a similar relationship between infarct 
size and inducible arrhythmias may exist, although 
estimates of infarct size can only be inferred from 
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indirect indices. Richards et a1.12 studied 165 
patients at an average of 10 days after infarction 
(55% of all patients presenting to that hospital, who 
survived the initial 5 days) and found that patients 
with inducible ventricular tachycardia had higher 
peak creatine phosphokinase plasma concentrations 
and lower mean ejection fractions than noninducible 
patients. Santarelli et a1.14 found a higher incidence 
of severe wall motion abnormalities in postinfarct 
patients with inducible ventricular tachycardia. In 
the latter study and in that of Marchlinski et a1.,15 no 
differences in ejection fractions between inducible 
and noninducible patients were observed. Both 
studies involved smaller more select patient popula- 
tions, studied with a less aggressive induction proto- 
col. In addition, the majority of patients studied by 
Marchlinski et a1.15 had inferior myocardial infarc- 
tions. In these patients, left ventricular ejection 
fraction would not reflect infarcted right ventricular 
myocardium. 

In the present investigation, inducible ventricular 
tachycardia was highly predictive of spontaneous 
ventricular fibrillation during the early phase of a 
subsequent acute ischemic event. Infarct size was an 
equally powerful predictor of arrhythmic death. 
Animals with large anterior infarcts had both induc- 
ible ventricular tachycardia and died from ventricu- 
lar fibrillation (not associated with hemodynamic 
collapse) within minutes of the onset of a secondary 
ischemic episode. Whether ventricular tachycardia 
in the early convalescent phase of myocardial infarc- 
tion is simply a marker of infarct size or bears a 
closer mechanistic relationship to the occurrence of 
spontaneous ventricular fibrillation is unclear. 

Sudden death during acute &hernia. Previous 
investigations in anesthetized animals have estab- 
lished that the major risk of ventricular fibrillation 
occurs within the first 30 minutes of coronary occlu- 
sion.2sx30 Thereafter, the incidence of ventricular 
fibrillation markedly diminishes despite continuing 
ischemia. A similar pattern was seen in the present 
study. Ventricular fibrillation generally was preced- 
ed by a slower, more organized ventricular rhythm, 
which subsequently accelerated after a variable peri- 
od of time (usually less than a minute). This 
sequence of events has been noted in humans as 
well, when ventricular fibrillation was fortuitously 
recorded during Holter monitoring.31s 32 The rate and 
morphology of the ventricular arrhythmia immedi- 
ately preceding ventricular fibrillation was occasion- 
ally similar to that previously induced by 
programmed stimulation, suggesting a common 
mechanism. More often, there were no clear similar- 
ities between the two. 

Studies during acute ischemia in anesthetized 

animals without previous infarction suggest three 
other variables, which influence the risk of early 
ventricular fibrillation-the site of occlusion rela- 
tive to the origin of the artery,33 heart rate,34-36 and 
the presence of preexisting collaterals.37 All of these 
factors indirectly influence the size of the acutely 
ischemic area. The work of Endo et al.,38 which used 
injected microspheres 1 minute after the onset of 
coronary occlusion, suggests that differences in the 
size of the acute ischemic zone may partially, but not 
completely, account for differences in the risk of 
ventricular fibrillation. These investigators found 
only a small, although statistically significant, dif- 
ference in hypoperfused myocardial mass between 
those animals which fibrillated and those that did 
not (31.6% vs 26.3% of left ventricular mass). In 
addition, faster heart rates are associated with pro- 
gressively impaired conduction and prolonged 
refractoriness in both acutely ischemic34,3” and 
chronically injured muscle.3sz40 The cycle length- 
dependent changes may also predispose to lethal 
arrhythmias. 

In this investigation, the site of occlusion was 
constant and both blood pressure and maximum 
heart rate during ischemia were similar for those 
animals that fibrillated and those that survived. We 
could not quantitate the mass of acutely ischemic 
myocardium in animals dying within minutes after 
the onset of ischemia. In survivors, the lack of 
correlation between anterior infarct size and ulti- 
mate posterolateral infarct size suggests that there 
were no systematic differences between inducible 
and noninducible animals with regard to the size of 
the posterolateral hypoperfused zone. 

Type of infarction. This study specifically exam- 
ined the vulnerability to late arrhythmias in infarc- 
tions produced by temporary occlusion. These 
infarcts differ morphologically and electrophysio- 
logically from those produced by permanent occlu- 
sion. The ultimate size of infarction produced by 
reperfusion may be the same or smaller than that 
produced by permanent occlusion at the same lev- 
el.” However, reperfusion infarctions have a wider 
rim of endocardial and particularly epicardial myo- 
cardium that is spared.21*41*42 The infarct itself is 
mottled and encompasses islands of normal tissue 
interspersed with necrotic or ischemic cells. Perma- 
nent occlusion infarction in dogs produces a thinner 
rim of surviving epicardial myocardium, and within 
the infarction there is homogeneous necrosis. On the 
endocardium, only a few layers of Purkinje cells 
survive, and virtually no viable myocardial cells can 
be identified.42a 43 

Programmed ventricular stimulation can induce 
ventricular tachycardia in both types of models 
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several days to weeks after infarction,16z *L 23, 24, 3g but 
such arrhythmias may be more easily induced after 
reperfusion infarction. 21 In both models, surviving 
fibers adjacent to the infarct possess abnormal 
action potential characteristics and responses to 
stimulation when studied in vitro days to weeks 
after the infarction. However, the distribution of 
these fibers is predominantly limited to the epicar- 
dium in permanent occlusion models,40z 44, 45 while 
they occur both epicardially and endocardially, and 
probably intramurally as well, in reperfusion 
infarcts.41.42.46 Richards et a14’j have demonstrated a 
wide variability of local extracellular refractory peri- 
ods and excitability throughout all layers of the 
reperfusion infarct compared to the noninfarcted 
region of the ventricle. These differences both in 
extent and distribution of electrophysiologically 
abnormal tissue may play an important role in 
subsequent genesis of arrhythmias. 

Infarct morphology in humans is hetero- 
geneous.47-4g Those infarcts involving predominantly 
the subendocardium are distinctive in that there is a 
greater frequency of patchy rather than uniform 
necrosis, a higher incidence of contraction band 
necrosis, and a markedly lower incidence of total 
occlusion of the infarct-related vessel. These find- 
ings suggest transient interruption of flow rather 
than prolonged occlusion as an etiologic factor,47 
similar to canine reperfusion infarction. The electro- 
physiologic properties of these infarcts in humans 
have not been studied, although sudden death 
occurs frequently.47,4g In addition, Malacoft et a1.5o 
demonstrated an increased incidence of inducible 
ventricular tachycardia in the convalescent phase of 
infarction in those patients who were successfully 
reperfused within 3 hours of symptom onset relative 
to patients in whom reperfusion was unsuccessful. 
The findings of this study may be most applicable to 
those patients who undergo early spontaneous or 
therapeutic reperfusion. 

Timing of observations. The observations in the 
present investigation were made in the early conva- 
lescent phase of infarction. While of obvious clinical 
importance, the question of whether or not the 
demonstrated relationships between infarct size, 
inducible ventricular tachycardia, and spontaneous 
ventricular fibrillation remains valid over longer 
periods of time remains to be determined. Earlier 
studies from this laboratory demonstrated that ven- 
tricular tachycardia could be initiated reproducibly 
up to 2 weeks after reperfusion infarction51 The 
high risk of ventricular fibrillation after an acute 
ischemic event was present even 1 month after 
infarction.52 Investigations over a more extended 
period of time have not been performed. 

There may be significant changes in the electro- 
physiologic properties of infarcted tissue after heal- 
ing is completed. In humans, this process may be 
considerably prolonged relative to canine models 
and may be dependent, in part, on infarct size.42 In 
canine models, detailed studies of surviving ventric- 
ular muscle fibers (as opposed to Purkinje fibers) 
more than 3 weeks after infarction are lacking. In 
cats, Myerburg et al. 53 have demonstrated persis- 
tently abnormal action potentials and local refracto- 
ry periods in subendocardial tissue up to 6 months 
after permanent occlusion of distal branches of the 
anterior descending artery. It should be added that 
the propensity for late reentrant arrhythmias may 
not depend solely upon demonstrable abnormalities 
of individual fibers (abnormal membrane proper- 
ties) but may also be affected by resistance changes 
between cells because of fibrosis and patchy necro- 
sis.54 Clearly, more information is needed, both in 
humans and experimental animals, before the long- 
term implications of this study can be assessed. 

lschemia as a triggering event. In the present study, 
we used acute ischemia to precipitate ventricular 
fibrillation. Other triggering mechanisms, particu- 
larly abrupt changes in wall stress or tension55 and 
changes in autonomic tone,27 may play important 
roles in the genesis of postinfarction sudden death. 
Both are altered during the early phases of ischemia 
as well. 

Potential influence of infarct size on late arrhythmias. 

Past investigators have stressed the importance of 
nonuniform recovery of excitability in the genesis of 
ventricular fibrillation.56l 57 In the convalescent 
canine infarction, heterogeneous recovery proper- 
ties-as reflected by delayed activation and tempo- 
ral dispersion of refractoriness-have been docu- 
mented. Janse et al.5s~5g have mapped spontaneous 
reentrant rhythms in the in situ regionally ischemic 
pig heart. In general, the reentrant wave front 
circulated around an area of conduction block, 
which was only 1 or 2 cm in diameter. Tachycardias 
that terminated spontaneously maintained these 
relatively large dimensions. When ventricular fibril- 
lation ensued, the activation front encountered 
numerous areas of block and became fractionated 
into multiple circuits, frequently incomplete, with 
much smaller diameters of revolution (a few milli- 
meters). 

The presence of previously infarcted myocardium 
may facilitate both the onset of reentrant tachycar- 
dia and further fractionation of a circulating wave 
front. Premature beats arising from within or at the 
border of the ischemic zone would encounter a 
variable region of greatly heterogeneous recovery 
properties (perhaps more than within the acutely 
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ischemic area itself). The greater the mass of this 
region, the more likely that sufficiently slowed con- 
duction and an area of functional block will develop 
while the remaining myocardium recovers enough to 
sustain reexcitation. Successive wave fronts from a 
reentrant tachycardia arising within acutely isch- 
emit myocardium may undergo further fraction- 
ation as it encounters previously infarcted tissue 
(particularly as cycle lengths shorten). The greater 
the mass of previously injured myocardium through 
which these premature activation fronts must pass, 
the more likely that a critical degree of fraction- 
ation, and thus fibrillation, may occur. 

Conclusions. In a conscious canine model, we have 
demonstrated that the extent of previous myocardi- 
al injury plays a critical role in influencing vulnera- 
bility to both inducible ventricular tachycardia and 
spontaneous ischemia-related ventricular fibrilla- 
tion several days later. These findings support the 
importance of infarct size limitation in reducing the 
mortality rate after myocardial infarction. However, 
if a significant mass of irreversibly injured myocar- 
dium persists after early therapeutic reperfusion, 
such interventions may not alter the subsequent risk 
of arrhythmic death. 
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