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Evaluation of arrhythmias in the late
hospital phase of acute myocardial infarction
compared to coronary care unit ectopyt2
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To evaluate the prevalence and nature of arrhythmias during the entire three-week period in hospital after
myocardial infarction, the results of coronary care unit monitoring (initial 3 to 5 days) were compared with

continuous 8-hour portable monitoring during the amrbulatory phase (second and third weeks) in 83 consecutive
survivors. Arrhythmias were detected in 84.3 per cent (7o/83) ofpatients while in the coronary care unit and
in 85.5 per cent (71/83) during hospital stay after the coronary care unit. Ventricular ectopic depolarizations
were classified as complicated (multifocal, paired, R on T, orfive or more a minute) or uncomplicated. Import-
antly, the high frequency of complicated ventricular extrasystoles and tachycardia persisted during the entire
period in hospital (early 34.9% and late 42.2% of all patients). However, only I6.9 per cent (14/83) had
these ventricular arrhythmias during both coronary care unit and ward monitoring. Thus, the absence of
complicated ventricular ectopic depolarization and ventricular tachycardia in the coronary care unit did not
exclude their subsequent occurrence in the majority of the large number ofpatients with late hospital complicated
ventricular ectopy.

Intensive electrocardiographic monitoring in the
coronary care unit has established that arrhythmias
occur in approximately go per cent of patients ad-
mitted to hospital with acute myocardial infarction
(Imperial, Carballo, and Zimmerman, I96o; Julian,
Valentine, and Miller, I964; Spann et al., I964;
Day and Averill, I966; Fluck et al., 1967; Mounsey,
I967; Stock, Goble, and Sloman, I967). Contin-
uous evaluation and aggressive management of
rhythm disturbances during the initial period in
hospital has significantly reduced mortality in these
patients (Goble, Sloman, and Robinson, I966;
Lown et al., I967; DeSanctis, I97I). Nevertheless,
sudden unexpected deaths occurring in hospital
after discharge from the coronary care unit have
suggested that arrhythmias may be a continuing
problem (Hagstrom et al., I967; Spracklen et al.,
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I968; Grace and Yarvote, I97I; Paul, I97I). The
development of portable electrocardiographic moni-
toring has provided a means of continuous record-
ing and assessment of cardiac rhythm in ambulatory
patients (Holter, I96I; Gilson, Holter, and Glass-
cock, I964; Gilson, I965; Aranaga et al., I967).
The principal purpose of this study was to evaluate
arrhythmias in the late hospital period of acute
myocardial infarction as compared to cardiac
ectopy in the coronary care unit.

Subjects and methods
The study group consisted of 83 consecutive patients
who had been admitted to hospital with acute
myocardial infarction and who survived to the time of
discharge three weeks after the acute event. Acute myo-
cardial infarction was diagnosed by a typical history of
chest pain, pathological Q waves on the electrocardio-
gram (except in five patients with left bundle-branch
block), and characteristic increases in serum creatine
phosphokinase, serum aspartate amino transferase and
the cardiac isoenzyme of lactic dehydrogenase. There
were 64 men and I9 women ranging in age from 39 to
84 years (average 62 years). The site of myocardial
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infarction by electrocardiographic localization of Q
waves was anterior in 40, inferior in 30, apical-lateral in
8 patients, and 5 patients had left bundle-branch block.
All patients were admitted to the coronary care unit
during the immediate period for a minimum of the initial
3 to 5 days after acute infarction, during which time
continuous electrocardiographic monitoring (modified
Hewlett-Packard 7800 series) was carried out in which
arrhythmias were automatically detected and recorded
by 24-hour memory tape. This continuously operative
system was programmed to identify changes in the RR
interval (>20% decrease) and alterations of QRS dura-
tion (> O.OI5 s increase) relative to immediately previous
stored data, with resultant spontaneous development of
rhythm strips on electrocardiographic paper during a
40-second period beginning io seconds before and
finishing 30 seconds after the electrocardiographic
aberration. Further, in 7 randomly selected patients, the
results of monitoring by memory loop in the coronary
care unit were compared to the type of arrhythmias de-
tected during a concurrent single period of 8-hour
Holter monitoring (Avionics Electrocardiocorder,
Model 35oG).

Antiarrhythmic therapy was applied in the coronary
care unit according to the present standards for such
management. The 24 patients who manifested ventricular
premature beats which were multifocal, paired, showed
the R on T phenomenon, or were as frequent as five or
more per minute, received intravenous lignocaine I00 mg
bolus followed by I to 4 mg/minute maintenance for 24
hours after their disappearance. Intermittent ventricular
tachycardia (> 3 consecutive ventricular premature
beats) was treated in 5 patients by intravenous lignocaine
rapid I00 mg bolus, repeated twice at 5-minute intervals
when necessary, and sustained ventricular tachycardia
(4 patients) or ventricular fibrillation (4 patients) was
terminated immediately by direct current electrical
cardioversion; continued suppression was then achieved
by lignocaine drip I to 4 mg/minute, with gradual trans-
fer to oral procainamide 2 to 3 g daily for 3 days in the
coronary care unit.

Subsequently all patients were transferred to a general
medical ward. During this post-coronary care unit
period of 24 weeks stay in hospital, all patients under-
went at least one 8-hour period of continuous portable
Holter electrocardiographic monitoring. Portable mon-
itoring was carried out during waking hours at least 9
days and no later than i8 days (average 13 days) after
hospital admission. In addition, 32 randomly selected
patients were monitored twice, first at i week and again
at 2 weeks after leaving the coronary care unit. No
patients were confined to bed during portable electro-
cardiographic monitoring, the degree of ambulation de-
pending on the condition of the individual and the stage
of convalescence.

In addition, at the time of post-coronary care unit
monitor application the patients were interviewed and
examined; arrhythmias were sought by cardiac ausculta-
tion for one full minute. A standard I2-lead electro-
cardiogram was obtained during the period of late hos-
pital monitoring and the house staff physicians were
questioned as to whether they had detected arrhythmias

on routine clinical observations. The electromagnetic
tapes obtained by portable monitoring were analysed
on an electroscanner (Avionics Composite Electrocardio-
scanner, Model 650). All arrhythmias noted during
scanning were recorded and reviewed individually by at
least two of the authors.
During the 4-month intake period of this study, there

were 8 deaths from cardiogenic shock in the coronary
care unit. In the late hospital period, 2 patients died
because of recurrent myocardial infarction with attend-
ant pump failure, and there were 2 primary arrhythmic
deaths. These I2 patients have not been included in the
analysis of the present study.

Results
Arrhythmias were detected by continuous electro-
cardiographic memory loop in 84.3 per cent (70/83
mmHg) of the patients while in the coronary care
unit (Table i). Ventricular arrhythmias were most
frequent (67.5% of patients), followed by supra-
ventricular arrhythmias (44.6%). Second and third
degree heart block were relatively uncommon
(6.o% and 2.4%, respectively). Ventricular arrhyth-
mias included ventricular fibrillation in 4 patients
and ventricular tachycardia (3 or more consecutive
ventricular beats at a rate of greater than I20/
minute) in 9 patients. Ventricular ectopic depolar-
izations were classified as complicated (28.9% of
patients) if they fulfilled any of the following
criteria: i) multifocal, 2) paired, 3) R on T pheno-
menon, or 4) frequency of 5 or more per minute.
Ventricular ectopic depolarizations not fulflling
these criteria were classified as uncomplicated
(3I.3%). Since some patients had more than one
arrhythmia, the total number of arrhythmias in
Table I exceeds the number of patients.
The types of arrhythmias detected by the single

period of 8-hour Holter monitoring during admis-
sion to the coronary care unit were the same as
those identified by continuous memory loop
monitoring in 5 of the 7 patients. Multifocal
ventricular ectopic depolarizations in one patient
and two episodes of paroxysmal ventricular tachy-
cardia in another patient were detected only by the
latter monitoring technique.

Post coronary care unit portable electrocardio-
graphic monitoring for 8 hours revealed that a high
frequency of arrhythmias persisted after discharge
from the coronary care unit (Table 2). Arrhythmias
occurred in 85.5 per cent (7I/83) of these patients,
all of whom were in the second or third week
after infarction. Ventricular arrhythmias were most
frequent (66.3% of the patients) and included
ventricular tachycardia (6.o%), complicated ventric-
ular ectopic depolarizations (4I.0%) and uncompli-
cated ventricular ectopic depolarizations (30.I%).
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Twenty-eight patients (33.7%) had supraventricular
ectopic rhythm and one patient had second degree
heart block. Only I2 patients (I4.5%) were without
disturbances of cardiac rhythm after leaving the
coronary care unit.

In 35 patients with complicated ventricular
ectopic depolarizations shown by portable monitor-
ing after leaving the coronary care unit, only 14 had
had complicated ventricular arrhythmias or serious
atrioventricular conduction disturbances while in
the coronary care unit (complicated ventricular
ectopic depolarizations i i patients, ventricular
tachycardia 5, ventricular fibrillation 3 and second
degree heart block 3). In the other 2I patients only
uncomplicated ventricular ectopic depolarizations
(io patients) or supraventricular arrhythmias (6
patients) were noted, and 5 patients were without
arrhythmias in the coronary care unit. Of the 5
patients with ventricular tachycardia after dis-
charge from the unit, only one had complicated
ventricular ectopic depolarizations while in the unit
(uncomplicated ventricular ectopic depolarizations
2 patients, atrial ectopic depolarizations I, and no
arrhythmia i).
The results in 32 randomly selected patients

monitored during the first week after leaving the
coronary care unit and again 7 to IO days later are
depicted in the Fig. In this group only 9.4 per cent
(3/32) had complicated ventricular ectopic depol-
arizations during all 3 monitoring periods. Compli-
cated ventricular ectopic depolarizations occurred
in i8.8 per cent (6/32) of patients both in the cor-

IW NO ARRHYTHMIA

EM UNCOMPLICATED VED's
U COMPLICATED VED's

n =32

CCU ist week p-CCU 2nd week p-CCU

cn15- ~~~~~~~47%
z
ui 38% 38% 34%

0

FIG. The prevalence of complicated and uncompli-
cated ventricular ectopic depolarizations in patients
monitored sequentially while in hospital. Ambulatory
monitoring (in the first and second week after leaving
coronary care unit (post-CCU) was performed in the
second and third week in hospital, respectively.
Patients free of arrhythmias are also indicated but
those with supraventricular arrhythmias are omitted.
p-CCU=post-CCU; n = number ofpatients. VED's =
ventricular ectopic depolarizations.

onary care unit and one week later, as well as in the
coronary care unit and two weeks later, while 25.0
per cent (8/32) had complicated ventricular ectopic
depolarizations during both periods of ambulatory
portable monitoring. Thus, while the prevalence of
complicated ventricular ectopic depolarizations did
not decrease over the entire period in hospital, their
occurrence was variable in individual patients. The
number of patients with supraventricular arrhyth-
mias and uncomplicated ventricular ectopic depol-
arizations also remained essentially unchanged.
Comparison of cardiac arrhythmias detected by

portable monitoring and the usual clinical methods
revealed that arrhythmias documented by monitor-
ing were usually occult and not apparent clinically.
In 5I patients with monitor-detected arrhythmias,
13.7 per cent (7) described palpitations, while clin-
ical evaluation by the primary house staff physician
had detected cardiac ectopy in only 5 cases (9.8%).
Further, arrhythmias were detected in only I I.8
per cent (6 patients) by standard electrocardiogram
and in I5.7 per cent (8 patients) by cardiac ausculta-
tion for one minute. Thus, standard clinical means
detected cardiac ectopy in only 12 (23.3%) of the
patients with monitor-detected arrhythmias.

Ventricular ectopic depolarizations were frequent
even in the 3I.3 per cent (26/83) of patients who
were receiving antiarrhythmic therapy during port-
able monitoring. Treatment in these patients con-
sisted of either procainamide (daily dosage I tO 3 g
orally) or quinidine (o.8 to i.6 g orally daily). In
these patients complicated ventricular ectopic de-
polarizations occurred in I4 subjects (54.2%), one
of whom also had episodic ventricular tachycardia.
Uncomplicated ventricular ectopic depolarizations
were recorded in IO patients and second degree heart
block occurred once. Only one of these patients was
completely free of arrhythmias during late hospital
portable monitoring.
There was no correlation between arrhythmias in

hospital and after leaving the coronary care unit and
the patient's age, sex, location of infarction, arterial
blood gases, renal function, electrolyte status, or
digitalis therapy.

Discussion
In the past decade numerous reports have indicated
that significant arrhythmias occur in 70 to go per
cent of patients admitted to hospital with acute
myocardial infarction (Imperial et al., I960; Julian
et al., I964; Spann et al., I964; Day and Averill,
I966; Fluck et al., I967; Mounsey, I967; Stock
et al., I967; Goble et al., I966; Lown et al., I967;
DeSanctis, 197I). These studies, however, are
based on continuous electrocardiographic monitor-
ing during the early post-infarction period in the

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.37.6.598 on 1 June 1975. D
ow

nloaded from
 

http://heart.bmj.com/


Late arrhythmias in myocardial infarction 6oI

coronary care unit. Though the necessity for prompt
antiarrhythmic therapy in the coronary care unit is
clearly established (Killip and Kimball, I967;
Lown et al., I967; DeSanctis, I97I; Killip, 1972),
little is known about the incidence and significance of
arrhythmias occurring during the time in hospital
after leaving the coronary care unit.
The present study indicates that ventricular

arrhythmias after acute myocardial infarction are
not confined only to the time in the coronary care
unit (Table i) but are prevalent throughout the
stay in hospital (Table 2). This investigation should
not be interpreted as conflicting with earlier reports
which have established that lethal arrhythmias are
most frequent in the initial 24 hours after acute
myocardial infarction (Goble et al., I966; Lown
et al., I967; Paul, 197I). Rather, our data extend
these observations to the entire period in hospital
and indicate the high incidence of ventricular elec-
trical instability which represents a potential hazard
for a significant number of patients during this
period. Indeed, of all in-hospital deaths from myo-
cardial infarction, the proportion occurring after
discharge from the coronary care unit has been
reported as ranging from I0 to 40 per cent (Goble
et al., I966; Killip and Kimball, I967; Grace, 1970).
Arrhythmias were the cause of death in approxi-
mately one-half of these patients (Grace, I970), a
conclusion that has been supported by necropsy
(Adelson and Hoffnan, I96I; Fulton, Julian, and
Oliver, I969; Han, I969; Schwartz and Walsh,
I97I; James, I972).
The frequent occurrence of ventricular arrhyth-

mias during the late hospital period of myocardial
infarction is confirmed in the recent report of Moss
et al. (197I). Importantly, the present study focuses
attention on the value of electrocardiographic
monitoring after leaving the coronary care unit
since these late occurring arrhythmias were de-
tected clinically in only 23 per cent of our patients.
Physical examination, symptomatology, and twelve-
lead electrocardiograms were equally insensitive in
identifying these arrhythmias in our experience.
Thus, when ectopic beats are sought by clin-
ical means only, their true overall frequency is con-
siderably higher than is apparent.
The prevalence of ventricular tachycardia (IO.8%

of patients) and complicated ventricular ectopic
depolarizations detected in the coronary care unit in
our study is consonant with the current reported
frequency of these arrhythmias, defined by the
same criteria used herein, observed recently by
other investigators in the early hospital phase of
acute myocardial infarction: coronary care unit ven-
tricular tachycardia I0 per cent of patients (Mar-
shall, Blount, and Genton, I968) and 8 per cent of

patients (DeSanctis, I97I). The relative reduction
of ventricular tachycardia prevalence presently being
observed in the coronary care unit of certain med-
ical centres compared to its higher frequency in the
past is considered to be related to the current prac-
tice of aggressive use of antiarrhythmic agents in the
suppression of complicated ventricular ectopic de-
polarizations. Since our study was based on a com-
parison of early and late hospital arrhythmias
treated as detailed above, the present report does not
offer comment on the natural course of in-hospital
disorders after acute myocardial infarction. More
importantly, the present investigation evaluates the
occurrence, nature, and sequence of arrhythmias
throughout the hospital stay for acute myocardial
infarction in the realistic setting of the application
of current standards of antiarrhythmic management
in this condition.

Another new finding of major importance which
emerged from the present study is that patients with
late occurring arrhythmias are usually not predicted
by the results of coronary care unit monitoring. It is
recognized that some aspects in the monitoring
techniques employed varied somewhat between the
early and late phases in hospital. However, our
experience reported herein indicates the close corre-
lation between the types of arrhythmias identified
simultaneously by continuous monitoring and by
single 8-hour period of Holter recording. Further,
it is clear from the present investigation that more
prolonged monitoring in the ambulatory hospital
stage would not detract from our observation that
serious ventricular rhythm disturbances occur in
many patients (2i/84, 25%) only during the latter
part of the stay in hospital after acute myocardial
infarction.

In this study complicated ventricular ectopic
beats were as prevalent during ward convalescence
as in the coronary care unit (Tables i and 2). The

TABLE i Arrhythmias in coronary care unit (83
patients)

Arrhythmia No. of % of
patients total

None I3 I5.7
Supraventricular 37 44.6
Ventricular 56 67.5

Ventricular tachycardia 9 Io.8
Ventricular fibrillation 4 4.8
Complicated ventricular ectopic

depolarizations 24 28.9
Uncomplicated ectopic depolarizations 26 31.3

Heart block
Second degree 5 6.o
Third degree 2 2.4
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discharge from the

Arrhythmia No. of % of
patients total

None I2 I4.5
Supraventricular 28 33.7
Ventricular 55 66.3

Ventricular tachycardia 5 6.o
Complicated ventricular ectopic

depolarizations 34 4I.0
Uncomplicated ventricular ectopic

depolarizations 25 30.I
Heart block

Second degree I 1.2
Third degree o o

prevalence of serious ventricular arrhythmias did
not diminish with progressive late hospital con-

valescence as indicated by sequential monitoring in
32 patients, during both the second and the third
hospital week after acute infarction (Fig.). The
duration of these ectopics is under investigation and
our preliminary data indicate that serious ventric-
ular arrhythmias occurred in I0 of 2I asympto-
matic outpatients who were monitored two months
after their infarction. These data, and those of
Lown and Wolf (197I) and Kotler et al. (I973),
suggest that ventricular arrhythmias appear to be a

chronic hazard for many patients even after success-

ful recovery from acute myocardial infarction.
The persistence of late occurring ventricular

arrhythmias may indicate that these ectopic rhythms
are more closely related to myocardial ischaemia
than to myocardial cell death. Indeed, in a correla-
tive study of coronary arteriography and portable
electrocardiographic monitoring, we have noted
serious ventricular ectopics in over 70 per cent of
patients with chronic coronary artery disease with-
out recent infarction (Amsterdam et al., I973). Other
factors requiring further study which may be impor-
tant in the genesis of late hospital arrhythmias in-
clude the role of deranged cardiac metabolism
which persists throughout the healing phase of the
infarct (Case, Nasser, and Crampton, I969; Kurian
and Oliver, 1970; Lovell and Prineas, I97I; Paul,
197I), as well as changes in sympathetic neurohu-
moral stimulation associated with either physical
exertion or mental stress (Han, I969; Jennings,
I969; Wolf, I969).
The present study was not designed to evaluate

the efficacy of antiarrhythmic therapy. However, in
our study complicated ventricular ectopics were

detected in 54 per cent of the patients who were

receiving either quinidine or procainamide con-

currently with late hospital monitoring. The limited

efficacy of these oral agents in abolishing serious
ventricular ectopics in our population is consistent
with data recently reported in outpatients with ven-

tricular arrhythmias (Jelinek, Lohrbauer, and
Lown, 1974). The frequent adverse effects noted
with therapeutic dosages of either procainamide or
quinidine (Jelinek et al., I974) further emphasize
the need for future investigation to delineate clearly
the indications and possible benefits of prolonged
oral antiarrhythmic therapy after acute myocardial
infarction.
Another critical question posed by our findings

concerns the significance of the arrhythmias that
persist even after a prolonged period in hospital.
Though arrhythmias have been documented in
asymptomatic, apparently healthy, individuals
(Hinkle et al., I967), there is increasing evidence
to incriminate ventricular ectopy as an adverse prog-
nostic factor (Chiang et al., i969, I970; Coronary
Drug Project Research Group, I973; Kotler et al.,
I973; Moss et al., I973). Thus, future analysis must
include a prospective correlation between the data
presented herein to sudden death occurring during
the late hospital phase of myocardial infarction and
after hospital discharge.

In conclusion, the results of our study indicate
that after acute myocardial infarction serious
arrhythmias are common during the entire period
in hospital. The prevalence of ventricular arrhyth-
mias with the exception of ventricular fibrillation
was not significantly different in the early and late
periods in hospital. The absence of significant
rhythm disturbances in the coronary care unit did
not exclude their presence during the latter hospital
phase. Indeed, a majority of patients with late
occurring ventricular ectopic depolarizations or ven-

tricular tachycardia were free of these serious
arrhythmias while in the coronary care unit.
Further, serious ventricular arrhythmias persisted
later in hospital in a high proportion of patients
despite antiarrhythmic therapy. Since ventricular
arrhythmias indicate added risk of subsequent
mortality in patients with coronary artery disease,
the significance, aetiology, and treatment of rhythm
disturbances in the late hospital phase after myo-
cardial infarction merit further investigation.
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