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Initiation of ventricular fibrillation outside hospital in
patients with acute ischaemic heart disease
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SUMMARY Factors which may predispose to ventricular fibrillation were assessed in 48 consecutive
patients who developed ventricular fibrillation outside hospital after the arrival of a mobile coronary

care team. Before the initiation of ventricular fibrillation, late cycle ventricular extrasystoles were

recorded in 38 patients (79%) and R on T extrasystoles in 27 patients (56%). R on T extrasystoles
were relatively infrequent-an average of three occurred during a mean monitoring time of 27
minutes. Multifocal extrasystoles occurred in only three patients (6%), consecutive extrasystoles in
14 (29%), and self-terminating ventricular tachycardia in three (6%). Ventricular extrasystoles
occurring at more than five a minute were uncommon during this phase. The time from "warning
arrhythmias" to the development of ventricular fibrillation in many patients was short, thus limiting
the administration of antiarrhythmic agents. There was a significant increase in the heart rates
recorded immediately before ventricular fibrillation when compared with those documented ini-
tially. Thus, an increase in heart rate appeared to be a predisposing factor in the initiation of
ventricular fibrillation.
An R on T extrasystole was the most important factor in the initiation of ventricular fibrillation: it

occurred in 33 patients (69%). In nine (19%) ventricular tachycardia and in six (12%) a late cycle
extrasystole or idioventricular rhythm initiated ventricular fibrillation.

During the early minutes or hours after the onset of
myocardial ischaemia or infarction, ventricular fibril-
lation is the major complication. The majority of
patients are in ventricular fibrillation when first seen
by prehospital units. Thus, it has been found' that
among patients with primary ventricular fibrillation
(fibrillation in the absence of pump failure or car-
diogenic shock) during the first hour of myocardial
infarction, 82% were in ventricular fibrillation before
the mobile team arrived. Nevertheless, in order to
assess factors that may initiate ventricular fibrillation,
we decided to review the data on patients who
developed it outside hospital after the arrival of the
Belfast Mobile Coronary Care Unit.

Patients and methods

Between October 1972 and April 1977 we studied
consecutively patients who developed ventricular
fibrillation outside hospital. On arrival of the prehos-
pital unit, the patient was immediately connected to
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an oscilloscope, and a two channel tape recorder. One
channel allowed continuous recording of the elec-
trocardiogram, the other, a speech channel, permitted
the frequent documentation of blood pressure record-
ings by sphygmomanometer, and the time at which
drugs were administered. A "Venflon" cannula was
inserted into a forearm vein for the intravenous
administration of drugs.
Treatment given by the family doctor, for example

analgesics, atropine, or lignocaine, was recorded. We
excluded from the study patients with ventricular
fibrillation or sustained ventricular tachycardia when
first seen.

Electrocardiographic monitoring was continuous
during transport and for 10 minutes after the patient
arrived in the hospital coronary care unit. Blood pres-
sure was recorded on arrival with the patient, and at
intervals before the patient was moved.
A permanent record of the electrocardiogram was

obtained from tape recordings, and several specific
heart rates were documented: (1) The heart rate when
the patient was first seen and connected to the tape
recorder (initial). (2) The heart rate immediately pre-
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ceding ventricular fibrillation (preventricular fibrilla-
tion). (3) The heart rate immediately before transfer
in patients who developed ventricular fibrillation
while being moved, or in the ambulance during the
journey to hospital (premovement). The cardiac
rhythm, frequency and type of extrasystoles, blood
pressure, and therapeutic interventions were analysed
from the tape recordings, and the results subjected to

statistical analysis.
The diagnosis of myocardial infarction was made

when at least two of the following were present: typi-
cal chest pain, clinically significant rise in cardiac
enzymes, or characteristic evolving changes on the
electrocardiogram. Myocardial infarction was also
diagnosed at necropsy. An acute ischaemic episode
was defined as prolonged chest pain at rest caused by
acute myocardial ischaemia without evidence of
infarction.
The prematurity index of ventricular premature

beats was assessed by dividing the coupling interval of
the ventricular premature beat (RR') by the QT inter-
val of the preceding normally conducted beat. A ven-

tricular extrasystole with a prematurity index of < 1
was considered to represent the R on T phenomenon,
while a premature beat with an index of - 1 was

termed long-coupling or late cycle.

Results

Fifty-two patients entered the study. Three patients
were excluded because of malfunction of the record-
ing apparatus and the record was unobtainable for
analysis in a further patient. The study, therefore,
was made up of 48 patients. Forty were men, aged 37
to 79 years (mean age 56 years), and eight were

women aged 40 to 76 (mean age 59 years). The site of
infarction was anterior in 29 (63%), inferior in 15
(33%), anterior and inferior in one, and subendocar-
dial in one. One patient had myocardial ischaemia,
and aortic stenosis was present in the remaining
patient. Thirteen patients had had one or more previ-
ous myocardial infarctions. Thirty-nine patients had
primary ventricular fibrillation and nine had secon-

dary ventricular fibrillation.
The median time from onset of symptoms of

myocardial infarction to arrival of the mobile coronary
care unit was 68 minutes. Twenty-two patients were
seen within one hour. The median time from onset of
symptoms to development of ventricular fibrillation
was 105 minutes. Ten patients developed ventricular
fibrillation within one hour.
The electrocardiographic monitoring time before

development of ventricular fibrillation varied from
one to 80 minutes (mean 25 minutes).

Routine treatment before the acute incident con-
sisted of beta-blocking agents in three patients,
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methyldopa in two, guanethidine in one, and glyceryl
trinitrate in one patient. Before ventricular fibrilla-
tion, 37 patients received analgesics either from the
family practitioner or from members of the mobile
coronary care unit. Antiarrhythmic, vagolytic, and
beta-sympatholytic agents administered intravenously
and before ventricular fibrillation were atropine
(eight), lignocaine (three), sotalol (two), atropine and
practolol (atropine 0*6 mg, practolol 10 mg) (two),
and atropine and sotalol (atropine 0*6 mg, sotalol 10
mg) (two). Atter the administration of atropine or
beta-blocking agents no patient developed tachyar-
rhythmia with or without hypertension or bradyar-
rhythmia with or without hypotension.
On arrival of the mobile team, 25 patients were in

sinus rhythm, 10 had sinus tachycardia, 10 had sinus
bradycardia, two had atrial fibrillation, and one had
second degree atrioventricular block. The blood pres-
sure was recorded on arrival in 42 patients. In six
patients it was not possible to take a blood pressure
recording since the speed of development of ventricu-
lar fibrillation precluded the estimation of the blood
pressure. The range of systolic pressures was 60 to
195 mmHg (mean 124 mmHg). The rhythm and
blood pressure recorded immediately before the initi-
ation of ventricular fibrillation showed that 27
patients were in sinus rhythm, 12 had sinus tachycar-
dia, and two sinus bradycardia. Five had atrial fibril-
lation. Idioventricular rhythm was present in one and
ventricular tachycardia in one. Both were self-
terminating. Blood pressure was recorded in 41 of the
48 patients; the systolic blood pressure varied from 75
to 200 mmHg (mean 125 mmHg).
The range of the initial heart rates and those before

ventricular fibrillation are recorded in Table 1. There
was a significant increase in the heart rates immedi-
ately before ventricular fibrillation (paired t test of the
differences between the initial and preventricular
fibrillation heart rates, p<0001). On excluding those
patients who had received atropine or a beta-blocking
agent, the p value was still significant (p<0-01).
Fig. 1 shows the distribution of the initial and preven-
tricular fibrillation heart rates. An increase in heart
rate is shown for the majority of patients. In 12 of the
48 patients, ventricular fibrillation occurred during
movement of the patient from the position when first
seen (Table 2). There was a significant increase bet-
ween the initial and premovement heart rates and

Table 1 Initial and preventricularfibrillation heart
rates in 48 patients

Initial 47-175 (mean 84±414 SEM)/min
Pre-VF 52-214 (mean 98+4-99 SEM)/min

Paired t test p<OOOl.
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Ventricularfibrillation outside hospital
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infrequent. In six patients no ventricular extrasystoles
were recorded. They had a shorter average monitor-
ing time (nine minutes) than that of the whole group.

The frequency distuibution of late cycle ventricular
extrasystoles in relation to the monitoring time is

shown in Fig. 2. The average number of late cycle
ventricular extrasystoles recorded was 13 for a mean

monitoring time of 27 minutes. A similar graph
(Fig. 3) plotted the frequency distribution of R on T
extrasystoles and showed an average of three R on T
extrasystoles for a mean monitoring time of 27
minutes.

200 220

Fig. 1 Initial and preventricularfibrillation heart rates in the
48 patients. The line drawn represents a heart rate ofno change.

between the initial and preventricular fibrillation
heart rates.

Extrasystolic activity preceding ventricular fibrilla-
tion but excluding that initiating ventricular fibrilla-
tion was recorded (Table 3). Seventy-nine per cent
had late cycle extrasystoles and 56% had R on T
extrasystoles. Consecutive, multifocal, bigeminal ven-
tricular extrasystoles, self-terminating ventricular
tachycardia, and atrial extrasystoles were relatively

Table 2 Initial, premovement and preventricular
fibrillation heart rates in 12 patients where ventricular
fibriUation occurred during movement

(A) Initial heart rate 48-136 (mean 85*8-9% SEM)/min
(B) Premovement heart rate 48-152 (mean 95-59-9% SEM)/min
(C) Pre-VF heart rate 56-194 (mean 104± 11-06 SEMImin

Paired t test between (A) and (B) 0-05>p>0-025.
Paired t test between (A) and (C) 0-02>p>0-01.

Table 3 Extrasystoles recorded before initiation of
ventricularfibrillation

No. of Incidence
patients %

Late cycle ventricular extrasystoles 38 79
R on T ventricular extrasystoles 27 56
Consecutive ventricular extrasystoles 14 29
Multifocal ventricular extrasystoles 3 6
Bigeminal ventricular extrasystoles 3 6
VT (self-terminating) 3 6
Atrial extrasystoles 3 6
No extrasystolic activity 6 12

Consecutive ventricular extrasystoles-two successive ventricular
extrasystoles occurring in pairs. Bigeminal ventricular
extrasystoles-a ventricular extrasystole alternating with a normally
conducted beat for at least two normally conducted beats. VT
(self-terminating) ventricular tachycardia-three or more successive
ventricular extrasystoles at a ventricular rate of > 120/minute and
self-terminating.
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Fig. 2 Frequency distribution of late cycle VEs (ventricular
extrasystoles) (38 patients) in relation to monitoring time (mean
13 late cycle ventricular extrasystolesfor average monitoring time
of27 minutes).
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Fig. 3 Frequency distribution ofR on T extrasystoles
(27 patients) in relation to monitoring time (mean three R on T
extrasystoles for average monitoring time of27 minutes).
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An R on T extrasystole initiated ventricular fibrilla-
tion in 33 of the 48 patients (Fig. 4). In three patients
a late cycle ventricular extrasystole gave rise to ven-
tricular fibrillation, idioventricular rhythm in a
further three, and ventricular tachycardia in nine
(Fig. 4).

Twenty-nine (60%) had an isolated episode of ven-
tricular fibrillation and 19 (40%) had one or more
episodes of ventricular fibrillation outside hospital
after correction of the initial episode. Thirty-five
(73%) patients survived to leave hospital.

Discussion

Sudden cardiac death is the leading cause of death
among men aged 20 to 64 years.2 Though ventricular
fibrillation is the major cause of sudden death,3-5
many aspects of sudden death still remain unsolved.
Factors initiating ventricular fibrillation are largely
unknown since this arrhythmia rarely develops in the
community in the presence of continuous electrocar-
diographic monitoring.67 Many sudden deaths are
instantaneous and therefore do not allow time for elec-
trocardiographic monitoring.
The significance of "warning" or premonitory

arrhythmias which precede the development of ven-
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tricular fibrillation still gives rise to major debate.
Generally accepted criteria for "warning arrhyth-
mias" include ventricular extrasystoles falling into
one of the four following categories: R on T, >5/
minute, multifocal, coupled or in salvos.8 In experi-
mental and clinical studies R on T extrasystoles have
been reported with varying frequency. A study in
baboons showed that 69% who developed ventricular
fibrillation within the first hour of acute myocardial
infarction had R on T extrasystoles.9 In one study it
was found that of patients admitted within six hours
of the onset of infarction, only 10% of those who
developed primary ventricular fibrillation had R on T
extrasystoles as "warning arrhythmias".'0 Of those
with primary ventricular fibrillation, occurring in the
majority within 24 hours of the onset of infarction,
only 25% had antecedent R on T extrasystoles. " It is
of interest that in these two studies0I1' as many
patients had R on T extrasystoles who went on to
develop ventricular fibrillation as those who did not.

It may well be that the pattern or timing of ven-
tricular extrasystoles as "warning arrhythmias" is not
necessarily crucial to the development of ventricular
fibrillation but the capacity of the infarcted ventricle
to sustain repetitive beating.'2 In this study during
the premonitory phase late cycle ventricular extrasys-

--------

~~~~~~4_2~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.............

C~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..

Fig. 4 Initiation of ventricularfibrilation. (A) R on T extrasystole; (B) late cycle extrasystole; (C) ventricular
tachycardialventncularflutter which degenerated into ventncularfibrilation; (D) idioventricular rhythm with
rapid acceleration into ventricularfibllation.
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Ventricularfibrillation outside hospital 5

toles were the most frequent, occurring in 38 (79%/)
patients. R on T ventricular extrasystoles were pres-
ent in 27 (56%) patients. Only an average of three R
on T extrasystoles were recorded, however, during a
mean monitoring time of 27 minutes. Multifocal ven-
tricular extrasystoles, consecutive or bigeminal
extrasystoles were relatively infrequent. Ventricular
extrasystoles occurring with a frequency of >5/
minute were rare. In some patients a burst of ven-
tricular extrasystoles immediately preceded the initia-
tion of ventricular fibrillation (Fig. 5). Sustained ven-
tricular tachycardia is rare during the early phase of
acute myocardial infarction.' " In this study, self-
terminating ventricular tachycardia before the
development of ventricular fibrillation occurred in
three (6%/) patients.

T'he time from the development of "warmning
arrhythmias" until ventricular fibrillation in many
cases was very short and this precluded the institution
of antiarrhythmic therapy. It therefore calls into ques-
tion the significance of "warning arrhythmias" in the
administration of antiarrhythmic therapy.
Major controversy still surrounds the initiation of

ventricular fibrillation. Clinical significance of the
vulnerable phase (R on T) was first emphasised by
Smirk and Palmer.'14 In one study'5 an R on T
extrasystole was the initiating event in 80% of those
who developed primary ventricular fibrillation. In
similar studies'0O1'1 the initiating event was an R on T

extrasystole in 45% and 50%/, respectively. Clinical
tests and experimental work have shown that ven-
tricular fibrillation may be initiated by an R on T or a
late cycle extrasystole.'2 16 In our study an R on T
extrasystole was the most important factor in the initi-
ation of ventricular fibrillation: it was found in 69%/ of
the patients. A late cycle ventricular extrasystole or
idioventricular rhythm rarely initiated ventricular
fibrillation. Ventricular fibrillation was initiated by
ventricular tachycardia in 19%/ of patients. In a study7
of seven patients with coronary artery disease who
died suddenly during ambulatory monitoring, ven-
tricular tachycardia degenerated into ventricular
fibrillation in all seven.

Clinical and experimental studies have shown that
ventricular fibrillation may be associated with
extremes of heart rate, bradycardia, and tachycar-
dia.'1 17 18 Sympathetic overactivity most frequently
associated with anterior infarction was present in 35%
of patients seen within 30 mnunutes of the onset of
symptoms.' During the movement of patients with
acute myocardial infarction, and despite analgesia, a
heart rate of >, 100/minute has been recorded in
45%.' 9 Increased plasma catecholamine levels have
been reported in animals after left anterior descending
coronary artery occlusion and in man during the first
hour of aqute myocardial infarction.2 Sympathetic
overactivity in association with acute myocardial
infarction may cause a fall in ventricular fibrillation
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Fig. 5 Top tracing-single R on T extrasystole during out-of-hospital monitoring, heart rate less than 100/minute (lead II EGG).
Eleven minutes after top tracing, heart rate increased, burst of late cycle and R on T extrasystoles ending in ventricularfibrilation
(second and third tracings continuouss).
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threshold,21 and since heart rate is a major determin-
ant of myocardial oxygen demand, an increase in the
extent of myocardial ischaemic injury. When beta-
blockers are administered in the experimental situa-
tion, the incidence of ventricular fibrillation is
reduced.2223 In this study the heart rhythm immedi-
ately preceding the initiation of ventricular fibrillation
did not differ significantly from that reported when
the patient was seen initially, but there was a

significant increase in the heart rate from the time the
patient was first seen until that recorded immediately
before ventricular fibrillation. This was so even after
excluding patients who had received prior treatment
with atropine or beta-blocking agents. When ven-

tricular fibrillation occurred during the movement of
a patient to hospital there was also a significant
increase in heart rate from that recorded initially.

In a study of long and short term survivors from
out-of-hospital ventricular fibrillation5 it was found
that acute myocardial infarction was present in only
39%, and ischaemia without infarction in 34%. In
long term survivors of out-of-hospital ventricular
fibrillation, myocardial necrosis based on electrocar-
diographic or enzyme studies was present in 49.5%,
and only 17% had an acute transmural infarction.4 In
50.5% of their patients there was no evidence of
myocardial necrosis. Of the group in ventricular fibril-
lation when the Seattle unit arrived, myocardial nec-

rosis was present in 42% and only 1O0/o showed acute
transmural infarction. In contrast with those who
developed ventricular fibrillation after arrival of the
unit, 79% had evidence of myocardial necrosis, and
500/o showed acute transmural infarction. In our study
where ventricular fibrillation occurred after the arrival
of the unit, 96% of short and long term survivors had
an acute myocardial infarction. The minimum time
from onset of symptoms to the development of ven-
tricular fibrillation was 32 minutes. No patient suf-
fered instantaneous death. It is impossible to say,
therefore, that the factors leading to ventricular fibril-
lation in this group of patients would be identical in
those who die instantaneously.

In this study more patients had an anterior than a
diaphragmatic infarction. In two studies"I 15 anterior
infarctions dominated and in another study5 lesions of
the anterior wall dominated, yet in one report24 there
was a predominance of inferior infarctions. In an ear-
lier study from Belfast, of ventricular fibrillation out-
side hospital, there was an equal incidence of anterior
and inferior infarctions.3
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