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Cardiac arrhythmias 48 hours before, during, and
48 hours after discharge from hospital following
acute myocardial infarction
G W MORRISON,* E B KUMAR, R W PORTAL, CLIVE P ABER

From the Department of Cardiology, Kingston General Hospital, Hull

SUMMARY The cardiac rate and rhythm were studied by 24-hour ambulatory electrocardiographic re-

cording in 44 patients before, during, and after being discharged from hospital following an acute myo-
cardial infarction. The first recordings were started 48 hours before discharge, the second on the morn-
ing of the day of discharge, and the third 48 hours after discharge (at home). While in hospital and after
returning home the heart rate fell during sleep but there was no diurnal variation in the frequency of
ventricular extrasystoles. Daytime heart rate and both the frequency and grade (severity) of ventricular
arrhythmias were significantly raised 48 hours after discharge. The frequency of ventricular extra-
systoles during sleep was also increased in the 48 hours post-discharge recording. Rises in heart rate and
frequency and severity of ventricular extrasystoles were observed on the morning ofthe day of discharge,
increasing up to the time of leaving hospital, but during the journey home they all diminished. No
relation was found between ventricular arrhythmias during early convalescence and (i) ventricular
arrhytbmias during the acute phase of acute myocardial infarction (including ventricular fibrillation);
(ii) peak aspartate aminotransferase; (iii) the level of anxiety; or (iv) the personality type. Six patients
taking beta-blocking drugs behaved similarly. Five patients taking anxiolytic drugs had significantly
raised frequency of ventricular extrasystoles during each 24-hour electrocardiogram.

In spite ofthe above findings, at the time ofleaving hospital after acute myocardial infarction there does
not appear to be a serious risk from the development of major cardiac arrhythmias.

The acute phase of myocardial infarction may be
complicated by sudden arrhythmic death, often
preceded by "warning" ventricular arrhythmias.' 2
Less attention has been given to the convalescent
phase of acute myocardial infarction, though patients
remain at risk from serious cardiac arrhythmias and
sudden death.3-8 Some patients die within weeks of
discharge from hospital9 10 and a relation has been
observed between early post-hospital death and the
occurrence of arrhythmias while in hospital8 11 12
On the day of discharge from hospital there might

be heightened stress13 and a corresponding in-
creased incidence of, and risk from, arrhythmias.'4
This study was therefore designed to determine
whether hospital discharge was associated with
increased ventricular arrhythmias.
*Present address: Department of Cardiology, St James Hospital,
Leeds.
Received for publication 12 September 1980

Methods

The 48 patients studied represent a consecutive
series discharged from hospital within three weeks
of suffering an acute myocardial infarction. The
diagnosis of acute myocardial infarction was made
on the basis of a typical history, changes in the
electrocardiogram, and raised serum aspartate
aminotransferase and/or serum hydroxybutyrate
dehydrogenase levels. There were no exclusions
before electrocardiographic tape analysis. All
patients entered the coronary care unit within 24
hours of the onset of symptoms and usually under-
went a 72-hour period of continuous electrocardio-
graphic monitoring. They were then transferred
to a general cardiac ward for mobilisation. Most
patients were sitting out of bed by the fifth day,
freely ambulant by the eighth day, and discharged
home between the 10th and 14th days.
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Late post-infarction arrhythmias

Apart from personal details of each patient,
including an assessment of personality type,15 a
note was made of previous cardiovascular disease
and drug treatment on admission. Some measure
of the size of the infarct was attempted by deter-
mination of the peak serum aspartate aminotrans-
ferase. All the data were obtained prospectively,
and all patients gave their consent to be included
in the study.
Three 24-hour electrocardiographic recordings

were made in each patient: (a) hospital recording
(starting 48 hours before discharge); (b) peri-
discharge recording (starting on the morning of the
day of discharge); and (c) home recording (starting
48 hours after hospital discharge). The recordings
were made on magnetic tape using Medilog Tape
Cassette Recorders (Oxford Electronic Instruments
Limited, Abingdon, England). Each recording was
started as near to 0900 hours as possible. They were
played back at 60 x real time using a Medilog 4-24
High Speed Replay Unit (Oxford Electronic In-
struments Ltd), and analysis was performed using
an automatic high speed electrocardiogram ana-
lyser (Reynolds Medical Electronics, Hertford,
England). Episodes of the following were noted:
sinus tachycardia (> 120/min); sinus bradycardia
(<45/min); supraventricular tachycardia (runs of
three or more supraventricular extrasystoles at a

rate of more than 100/min); atrial fibrillation;
ventricular extrasystoles; bigeminy; pairing (two
consecutive ventricular extrasystoles); ventricular
tachycardia (three or more consecutive ventricular
extrasystoles at a rate of > 100/min); R-on-T
phenomenon (ratio RR'/QT < 1-0). All tapes were

analysed by the same person (GWM) in random
sequence, without knowledge of the patient's
identity. Each hour of recording (one minute of
playback time) was analysed in turn and the hourly
counts of each of the above variables were noted.

The maximum severity of ventricular arrhythmias
occurring in each hour was graded from 0 to 5
according to the system described by Lown and
Wolf'6 (0=no ventricular extrasystoles; 1 =unifocal
ventricular extrasystoles < 30 per hour; 2 =unifocal
ventricular extrasystoles >30 per hour; 3=
multifocal ventricular extrasystoles; 4=episodes
of bigeminy, pairing, or ventricular tachycardia;
5 =R-on-T phenomenon). In order to improve the
accuracy of ventricular arrhythmia evaluation this
analysis was performed visually whenever possible.
Heart rate was, however, computed from the auto-
matic hourly QRS count, with check samples of
electrocardiographic traces taken at the end of each
hour.
During the recordings patients completed diary

cards, particularly noting the times of sleeping and
waking and, on the day of discharge, the times of
leaving the ward and arriving home. When each
electrocardiograph tape was collected (GWM and
EBK) a short questionnaire was completed with
respect to the level of physical activity, frequency of
visitors, smoking habits, and drug treatment.

On the moming of the day of discharge each
patient was interviewed (GWM or EBK) and asked
to grade any feelings of apprehension as "none",
"moderate", or "severe". The observer also re-

corded his assessment of the patient on the same
scale. All patients were given a standard briefing
by the nursing staff regarding the level of activity
they should pursue. They were advised to avoid
repetitive stair-climbing and travelling out-of-
doors during the first week after discharge.

Unless stated, the figures represent means
(+SEM) and the significance of differences was
determined using the paired and unpaired Student's
t tests. Correlations were investigated by linear
regression analysis.

Table 1 Baseline details of 44 patients

Men Women Mean age (y) Personality type Smokers Previous angina Previous acute Site of acute
myocardial myocardial
infarction infarction*

28 (64%) 16 (36%) 597 ±7-9 A-11 (25%) 26 (59%) 22 (50%) 8 (18%) A-18 (41%)
B-33 (75%) I -17 (39%)

In- 9 (20%)

Mean peak Mean maximum Mean minimum Ventricular Incidence of Incidence of Incidence of Mean duration of
serum aspartate heart rate systolic blood extrasystoles ventricular heart failure cardiogenic hospital stay (d)
aminotransferase (bpm) pressure > 30/min fibrillation shock
(units) ** (mmHg)

205 ±126 98-6 ±16-9 102-2 ±14-7 16 (36%) 5 (11%) 14 (32%) 4 (9%) 12-3 ±3-6

Figures given are means ± SD.
*A, anterior; I, inferior; In, indeterminate.
**Normal range for serum aspartate aminotransferase 20-40 units.
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Results

One hundred and thirty-seven 24-hour electro-
cardiograms were made in 48 patients. Forty-two
of the recordings were not satisfactory, however,
either because of electrocardiographic artefact or
temporary signal loss. After exclusion of these,
there were 94 recordings from 44 patients (28 men
and 16 women) available for complete analysis.
Thirty-four recordings were made in hospital, 28
on the day of discharge, and 32 at home. In 17
patients satisfactory recordings were available from
all three stages. The mean (+SD) age of the
patients was 59 7 ±7 9 years and the mean ( ±SD)
duration of hospital stay was 12-3 ±3-6 days. Other
details of the 44 patients are given in Table 1.
At the time of discharge patients were taking the

following drugs: diuretics (21); digoxin (five);
beta-blockers (six); disopyramide (three); diazepam
(five).

(1) CORRELATIONS OF FINDINGS IN TAPES
RECORDED AT DIFFERENT TIMES
The results from all the tapes were first pooled.
The mean heart rate in the 44 patients was 77-7 ± 1-5

. 85,

Go

c
rI-I-80'
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0

bpm. The average frequency of ventricular extra-
systoles was 30 9 ± 12-0 bph, with an average grade
of 1 14±0-13. In the 17 patients in whom all three
recordings were satisfactory there were high cor-
relations of the average heart rate, frequency of
ventricular extrasystoles, and grade of ventricular
arrhythmias between the three tapes. For heart rate
the correlation coefficient was best between the
hospital and the peri-discharge recordings (r=
0 9509; p < 0-001) and least good between the
hospital and home recordings (r =0-9246; p < 0-001).
For frequency of ventricular extrasystoles the cor-
responding correlation coefficients were 0 9994
(p <0001) and 0-7838 (p <0.01) and for grade of
ventricular arrhythmias they were 0-7622 (p < 0-01
and 0-7481 (p < 0-01), respectively. Throughout the
tapes the average frequency of ventricular extra-
systoles and grade of ventricular arrhythmias were
highly correlated with each other (r=0-6303;
p <0Q001).

(2) DIURNAL VARIATION
A fall in heart rate during sleep was observed both
in hospital and at home (Fig. 1 and 2). For example,
at home the average heart rate over the period 2400

Heart rate
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Fig. 1 Diurnal variation of heart rate, frequency of ventricular extrasystoles (VEF), and grade (severity) of
ventricular arrhythmias (VEG) during hospital recordings (34 patients; bars represent SEM).
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Fig. 2 Diurnal variation of heart rate, frequency of ventricular extrasystoles (VEF), and grade (severity) of
ventricular arrhythmias (VEG) during home recordings (32 patients; bars represent SEM).

to 0600 hours (72-8 1-2 bpm) was significantly
lower than during the period 1200 to 1800 hours
(77-4 +1-3 bpm; p <0.001).
Although both frequency of ventricular extra-

systoles and grade of ventricular arrhythmias tended
to be lower during sleep the differences were not
statistically significant (Fig. 1 and 2).

Particular attention was paid to changes at the
reported time of waking up. The average heart rate
during the hour of waking up (76.5 ±2-4 bpm) was
higher than that in any of the preceding three hours
in 39 (58.2%) of the recordings and significantly
higher than that in the hour immediately before

waking (72.9 ±2-1 bpm; p < 0-01). The frequency of
ventricular extrasystoles and grade of ventricular
arrhythmias during the hour of waking were higher
than in any of the preceding three hours in'only
19-4 per cent and 10-5 per cent of the recordings,
respectively. The average frequency of ventricular
extrasystoles during the hour of waking (21-5 ±
11 6 bpm) was not significantly different from that
in the hour before waking (18-2 ±9 4 bpm; p > 0 05).
The average grade of ventricular arrhythmias
during the hour of waking (0 95 ±1-17) was similar
to that in the preceding hour (1.02 ±0-18; p > 0-05).
In many patients ventricular arrhythmias were

Table 2 Comparison of heart rate, frequency of ventricular extrasystoles, and grade of ventricular arrhythmias
in hospital and home recordings (24 patients)

Hospital Home Hospital Home
day-time (1200-1800) night-time (2400-0600)

Heart rate (bpm) 75 0 +1-4 79-8 +1-4 p < 0-02 73-0 +1-3 74-8 +1-4 NS
Frequency of ventricular extrasystoles (bph) 21-0 +6-5 50-1 +11-2 p <001 17-8 +5-3 42-7 +10-4 p <005
Grade of ventricular arrhythmias 0 99 +0 11 1-63 +0-13 p < 0001 100 ±0-12 1-52 +0-13 p < 0 005

Figures given are means +SD.
Paired t test.
NS, not significant.
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sporadic, with no extrasystoles occurring for several
hours and then counts of several hundred in in-
dividual hours. A few patients had only one or two
ventricular extrasystoles throughout each 24-hour
period, whereas one patient had regular hourly
counts of more than 1000. Eliminating this last
patient from the analysis reduced the average
frequency of ventricular extrasystoles but did not
change the trends or differences.

(3) COMPARISON OF HOME AND HOSPITAL
RECORDINGS
Matched recordings were obtained in 24 patients.
Both heart rate and frequency of ventricular extra-
systoles were raised at home compared with the
hospital recording (Table 2). For heart rate the
difference was only apparent during the day
(p < 0 02) (Fig. 3). The early morning rise in heart
rate occurred about two hours earlier in hospital
(Fig. 3) than at home, a pattern which reflected the
earlier time of waking in hospital (0612 ±0030
hours; mean ±SD) as compared with home
(0753 ±0110 hours). Frequency of ventricular
extrasystoles and grade of ventricular arrhythmias
throughout the 24 hours were higher at home than
in hospital, both during the daytime (p <0-01 and
< 0-001, respectively) and also during sleep

85T

AT
CL

X1
70

(p < 0 05 and < 0 005, respectively) (Table 2, Fig.
4 and 5).

(4) COMPARISON OF PERI-DISCHARGE
RECORDINGS WITH THOSE MADE IN
HOSPITAL AND AT HOME
In 17 patients recordings were available from all
three 24-hour periods. On the morning of the day of
discharge (0900 to 1400 hours), before the patient
left hospital, mean heart rate was significantly
higher (79-6 ±1-4 bpm) than the heart rate during
the equivalent period of the hospital recordings
(73-8 ±1-4 bpm; p <0-05), but was similar to that
in the home recording (81-3 ±2-0 bpm; p > 0-05).
After leaving hospital the heart rate in the peri-
discharge recordings was similar to that in the home
recordings. There were no significant differences
between the sleeping heart rate in the hospital,
peri-discharge, and home recordings.
Mean frequency of ventricular extrasystoles on

the morning of discharge (63'0 ±25-0 bph) was
significantly higher than during the equivalent
period of the hospital recordings (35 3 ±14-0 bph;
p <0.02) but was similar to the home recordings
(74-0 ±20-0 bph; p > 0.05). In the period after
arrival home (1400 to 0900 hours) the mean fre-
quency of ventricular extrasystoles on the day of

Fig. 3 Comparison of mean hourly heart rate in hospital and at home (24 patients; bars represent SEM).
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Fig. 4 Comparison of mean hourly frequency of ventricular extrasystoles (VEF) during hospital, peri-discharge,
and home recordings (17 patients).

discharge (60-5 ±10-7 bph) was higher than in the
corresponding period of the hospital recordings
(27-1 ±5-0 bph; p < 0-001) but was again similar to
that in the home recordings (59-5 +7-9 bph;
p >0.05) (Fig. 4). The changes in grade of ven-
tricular arrhythmias were similar. On the morning
of discharge (0900 to 1400 hours) the mean grade
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was higher (1-31 +0418) than in the hospital re-
cordings (1-00 ±0416; p <0-05) but was lower than
in the equivalent period of the home recording
(1-81±0-18; p<0-005). After discharge (1400 to
0900 hours) the mean grade of ventricular arrhyth-
mias in the peri-discharge recording (1-46+0-09)
continued to be higher than in the hospital recording

9 10 11 12 13 14 15 16 17 18'19 2021 222324 1 2 3 4 5 6 7 8 9
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Fig. 5 Comparison of mean hourly grade (severity) of ventricular arrhythmias (VEG) during hospital,
peri-discharge, and home recordings (17 patients).
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(0.96 ±008; p < 0-001) but was similar to that
seen in the later home recording (1.59 ±009;
p > 0 05) (Fig. 5).

(5) CHANGES AT TIME OF DISCHARGE
FROM HOSPITAL
Because heart rate and ventricular arrhythmias on

the morning of the day of discharge (0900 to 1400
hours) were raised in comparison with the cor-

responding period 48 hours earlier (hospital re-
cording), it was decided to examine the relation of
this rise to the time of discharge from hospital.
Peri-discharge recordings were available from 28
patients. The mean time of discharge was 1445 ±
0207 hours. Because the individual times of dis-
charge varied, the recordings were matched for the
hour in which the journey home took place. In each
recording the hour in which the patient left hospital
was termed the discharge hour (0) and the changes
in the preceding and succeeding five-hour periods
were analysed. One patient had less than five hours'
recording available before discharge and was there-
fore excluded.
When the recordings were matched in this way

an upward trend in heart rate, frequency of ven-

tricular extrasystoles, and grade of ventricular
arrhythmias was apparent in the three hours before
discharge, but only the changes in heart rate
reached statistical significance (Fig. 6). Overall the
average heart rate in the three hours before dis-
charge (77.7 ± 1 8 bpm) was significantly higher
than in the three hours after discharge (743 ± 1.5
bpm; p < 0.001). The corresponding values for
frequency of ventricular extrasystoles were 3 6 ± 1 0
and 6-1 ±2-8 (p > 0 05), and for grade of ventricular
arrhythmias they were 0-95 ±0-17 and 0-85 ±0-14
(p >0.05), respectively.
The mean heart rate during the hour of discharge

was higher than in any of the preceding three hours
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Fig. 6 Changes in heart rate, frequency of ventricular
extrasystoles (VEF), and grade (severity) of
ventricular arrhythmias (VEG) during the peri-discharge
period (27 patients; bars represent SEM).

in six patients (35 3%), higher than in any of the
succeeding three hours in 12 (70 6%), and higher
than both periods in four (23.5%). The highest
average heart rate (79 7 ±3-1 bpm) occurred in the
hour before discharge and was significantly higher
than that during the discharge hour (75 0 ±2-8
bpm; p <0 01). Average heart rate during the dis-
charge hour was also lower than the mean value of

Table 3 Incidence and severity of specific arrhythmias at different stages of convalescence after acute
myocardial infarction

Heart rate Supra- Ventricular arrhythmias Maximum grade of ventricular
(bpm) ventricular arrhythmia

arrhythmias
<60 >100>120 SVEsSVTAF VEs F>lBg P RT VT 0 1 2 3 4 5

Hospital recording 10 12 9 19 9 4 34 22 8 9 1 1 0 10 0 11 12 1
(n=34) (29) (35) (26) (56) (26) (12) (100) (65) (24) (26) (3) (3) (0) (30) (0) (32) (35) (3)

Discharge recording 8 11 5 15 6 3 25 18 9 7 1 3 3 5 0 8 11 1
(n=28) (28) (39) (18) (44) (18) (9) (89) (64) (32) (25) (4) (11) (11) (17) (0) (29) (39) (4)

Home recording 12 13 5 17 10 4 30 25 15 15 1 4 2 5 0 6 18 1
(n=- 32) (38) (41) (16) (53) (31) (13) (94) (78) (47) (47) (3) (13) (6) (16) (0) (19) (56) (3)

Figures in parentheses are percentages.
n, number of patients; SVEs, supraventricular extrasystoles; SVT, supraventricular tachycardia; AF, atrial fibrillation; VEs, ventricular
extrasystoles; F > 1, more than one focus of VEs; Bg, bigeminy; P, pairs of VEs; RT, R-on-T phenomenon; VT, ventricular tachycardia.
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the hours immediately before and after when these
were combined (76-6 ±2-9) but the difference was
not statistically significant (p > 005).
The frequency of ventricular extrasystoles during

the hour of discharge was higher than in any of the
preceding three hours in five (18&5%) patients, the
succeeding three hours in six (22-2%), and both
periods in only two (7-4%). For grade of ventricular
arrhythmias the corresponding figures were four
(14-8%), three (11-1%), and two (7.4%) patients,
respectively. The average frequency of ventricular
extrasystoles and grade of ventricular arrhythmias
during the discharge hour were both lower than the
means of the immediately preceding and succeeding
hours combined, but the differences were not
statistically significant.

(6) INCIDENCE OF SPECIFIC ARRHYTHMIAS
The frequencies of individual arrhythmias during
the three stages of recording are shown in Table 3.
All of the patients had ventricular arrhythmias in at
least one recording and 75 per cent had supraven-
tricular arrhythmias. In the hospital recording
65 per cent of patients had more than one focus of
ventricular extrasystoles and, overall, "complicated"
ventricular arrhythmias (Lown grade 3) were
present in 70 per cent. Similar findings were present
in the home recordings, with 78 per cent of patients
having "complicated" ventricular arrhythmias,
including four (13%) with ventricular tachycardia.
In none of the recordings did ventricular fibrilla-
tion, heart block, or extreme bradycardia (heart rate
< 45 bpm) occur. During the journey home 14
(52%) patients had ventricular arrhythmias, with
bigeminy in five (19%), pairs in two (7%), and
ventricular tachycardia in one (4%). Supraven-
tricular extrasystoles occurred in seven (26%), with
supraventricular tachycardia in two (8%). In every
case similar arrhythmias were present in two or
three of the recordings.

(7) FACTORS RELATED TO INCIDENCE OF
ARRHYTHMIAS DURING CONVALESCENT
PERIOD
None of the following factors was found to be
predictive of arrhythmias, either in the convalescent
period as a whole or at the time of discharge: age,
sex, personality type, smoking habits, peak aspar-
tate aminotransferase, previous history of acute
myocardial infarction or angina, minimum blood
pressure, maximum heart rate, or presence of heart
failure. In particular, there was no significant
relation between the occurrence of ventricular
tachycardia or ventricular fibrillation in the coronary
care unit and ventricular arrhythmias in this early
convalescent phase. The average convalescent

frequency of ventricular extrasystoles (11 8 i 11 2
bpm) in the five patients who had suffered very
frequent ventricular extrasystoles in the coronary
care unit was similar to that in the 28 patients in
whom only occasional ventricular extrasystoles had
been noted (10-0 ±4-7 bpm). Convalescent heart
rate was, however, positively correlated with heart
rate during the acute phase (r=0-6163; p <0-001)
and so was grade of ventricular arrhythmias
(r=0.4700; p <0 01). In addition, convalescent
heart rate was positively correlated with both
convalescent frequency of ventricular extrasystoles
(r=0-2415; p <0 05) and grade of ventricular
arrhythmias (r=0-2982; p <0 05). Peak serum
aspartate aminotransferase had no significant
correlation with convalescent heart rate, frequency
of ventricular extrasystoles, or grade of ventricular
arrhythmias. The frequency of ventricular extra-
systoles in the five patients taking anxiolytic drugs
at the time of discharge was significantly higher than
in those not taking these drugs (p < 0 025) but this
did not apply to the grade of ventricular arrhythmias
(p > 005).

(8) EFFECT OF BETA-BLOCKING DRUGS
Six patients were receiving beta-blocking drugs.
The mean convalescent heart rate in this group
(72-1 +1-3 bpm) was lower than in those patients
not taking beta-blockers (78-3 ±2 8) (p < 0 05) but
there were no significant differences in frequency of
ventricular extrasystoles or grade of ventricular
arrhythmias. The differences between recordings
made at different times and the changes on the day
of discharge were qualitatively similar to those
reported above but tended to be smaller. Beta-
blocking agents did not prevent significant rises in
heart rate, frequency of ventricular extrasystoles,
and grade of ventricular arrhythmias on the
morning of the day of discharge compared with the
hospital recording.

(9) SYMPTOMS AND ACTIVITY OF PATIENTS
Thirty-eight (86 4%) of the patients travelled home
by car accompanied by at least one relative. Only 13
(30%) were thought to show any anxiety on the
morning of discharge and only nine (21%) ad-
mitted to any. After arrival home 69 per cent of the
patients went freely up and down stairs and 13 per
cent ventured out of doors. During the home
recording 26 (59.1 %) patients reported some
symptoms, including palpitation, unrelated to any
electrocardiographic abnormality. Heart rates of
up to 140 bpm and ventricular extrasystoles of
more than 1000 bph were tolerated without
symptoms.
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Discussion

The acute phase of myocardial infarction is fre-
quently complicated by sudden death often pre-
ceded by a period of increased ventricular extra-
systoles.1 2 Less attention has been given to the
convalescent phase, when arrhythmias and sudden
death may also occur. In one series17 6-3 per cent of
patients discharged from the coronary care unit
later died in hospital, with all except one death
occurring within three weeks of infarction. Lund-
man"8 found a 3 to 12 per cent mortality in the
second week after infarction and Gorfinkel et al.5
described potentially lethal arrhythmias in 3 per
cent of patients after discharge from the coronary
care unit. Late in-hospital ventricular fibrillation
has been reported in 3 per cent of patients with
60 per cent mortality2 and late in-patient ven-
tricular tachycardia has been observed in 2 to 8
per cent of patients.4 5 19 This increased risk is not
limited to the hospital phase. Gelson et al.9
reported 4 per cent of patients dying within one
week of hospital discharge and 7 per cent within
six weeks. Hutter et al.20 reported a 4 to 7 per cent
mortality in the first six months. These last two
studies were favourably biased by the exclusion of
complicated cases. Moss et al.8 found 4 per cent of
patients died within four months of discharge, and
67 per cent of deaths within the first six months
were thought to be primarily arrhythmic.10 Because
the presence of ventricular extrasystoles in a
resting electrocardiogram may be associated with
increased mortality2l 22 and, in the presence of
ischaemic heart disease, with sudden death,23 24 it
was logical to attempt to relate the incidence of
ventricular extrasystoles in the convalescent period
of acute myocardial infarction to long-term prog-
nosis. Moss et al.8 found that patients with "com-
plicated" ventricular extrasystoles before discharge
had an increased mortality at four months but not
in the first year as a whole. A similar association
between pre-discharge ventricular extrasystoles
and seven-month mortality was described by
Schulze et al.12 With the increased use of 24-hour
electrocardiographic monitoring, however, it has
became clear that ventricular extrasystoles are
common after acute myocardial infarction, occurring
in up to 86 per cent of patients with stable ischaemic
heart disease and even in 67 per cent of subjects
without heart disease.25 The actual frequency and
grade of ventricular extrasystoles depends upon
the duration and numbers of the electrocardio-
grams5 16 26 and whether "activities" like sleep and
exercise are included.8 16 27 In the late hospital
phase of acute myocardial infarction the presence
of ventricular extrasystoles has been reported in up

to 93 per cent of patients,7 with up to 61 per cent
having "complicated" ventricular extrasystoles.28
The findings of the present study suggest even

higher levels, with 100 per cent incidence of ven-
tricular extrasystoles and 85-7 per cent "com-
plicated" ventricular extrasystoles. This higher
level was probably seen because only complete 24-
hour recordings were accepted and the total dura-
tion of recording time in each patient was up to 72
hours. Though ventricular extrasystoles tended to
be sporadic there was a high degree of correlation
in the incidence of ventricular extrasystoles and,
to a lesser extent, the grade of ventricular extra-
systoles between different tapes in individual
patients. The degree of reproducibility was higher
than has been suggested previously.29 The best
correlations were between the hospital and peri-
discharge recordings and were least good between
the hospital and home recordings. Though the
frequency and grade of ventricular extrasystoles
were correlated with each other, the grade often
changed without much change in the numbers of
ventricular extrasystoles. The frequency and grade
of ventricular extrasystoles were positively corre-
lated with heart rate. One possible mechanism
would be through the size of infarction and presence
of left ventricular dysfunction,30 31 though it is
surprising that ventricular extrasystoles were not
related to peak serum aspartate aminotransferase,
but neither was heart rate. Furthermore, ventricular
extrasystoles were not related to the presence of
overt heart failure or to the site of infarction.
There was no correlation between persistent

ventricular extrasystoles during the acute phase of
myocardial infarction and the incidence of ven-
tricular extrasystoles in the convalescent phase, a
finding which has been noted previously.3 4 32 In
particular, ventricular fibrillation in the acute
phase did not predispose to excessive ventricular
extrasystoles later. Complicated ventricular extra-
systoles may first appear during the convalescent
period, either in hospital32 or after discharge.8
At all three stages of early convalescence there

was a diurnal variation in heart rate corresponding
to that reported for patients without ischaemic heart
disease.33 Blood pressure is known to follow a
similar pattern33 and the early morning rise of
these two may predispose to angina34 or morning
infarction.35 In none of our patients did either of
these occur. There have been few reports of diurnal
variation in ventricular extrasystoles. Lown and
Wolf'6 and Rehnqvist6 suggested that ventricular
ectopic activity increased during sleep, but Lown
et al.38 found that ventricular extrasystoles de-
creased during sleep in about three-quarters of
patients with ischaemic heart disease and often
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in patients resistant to treatment with anti-
arrhythmic drugs. In a few patients an increase in
ventricular extrasystoles occurred on waking, a
phenomenon previously noted in patients in the
acute phase of myocardial infarction.37 Our results
suggest that, at least in the early convalescent
phase of myocardial infarction, diurnal variation in
ventricular extrasystoles is relatively uncommon
and an early morning rise the exception rather than
the rule. This would not be too surprising because
the cardiovascular changes during sleeping and
waking are the result more of changes in para-
sympathetic than sympathetic activity.38
The main purpose of this study was to evaluate

the "stress" effects of hospital discharge on heart
rate and ventricular extrasystoles. This might come
from at least three directions; firstly, as a conse-
quence of leaving the security of hospital with its
potentially life-saving equipment and expertise13;
secondly, travelling home by "car" which can lead to
increases in heart rate and ventricular extrasystoles
in normal subjects39 as well as those with ischaemic
heart disease40 and, thirdly, with the need to re-
adjust to home life and the future. Our results
showed that heart rate and ventricular extrasystoles
were significantly increased on the morning of the
day of discharge and that they increased further up
to the time of leaving hospital. Though this might
have been because of increased physical activity
this is unlikely because the level of activity was not
increased according to our observations, nor did the
patients report increased activity in the "diary"
cards. Furthermore, there was no increase in
movement artefact in their recordings. Finally, at
the time of discharge, when physical activity would
be expected to increase, there was an overall fall
in heart rate, which continued after arrival home, at
which time the patients did report increased
physical activity. The changes in frequency of
ventricular extrasystoles were less sustained than
those in the grade of extrasystoles, which remained
evident after arrival home and also 48 hours later
in the home recording. There was no tendency for
heart rate or ventricular extrasystoles to increase
during the journey home. Though arrhythmias
were common at this time they were always present
at other times. In particular, patients in whom
ventricular fibrillation or frequent ventricular
extrasystoles had been a feature of the acute phase
and those taking beta-blocking drugs did not
behave differently from the rest of the group.28 32
Patients taking anxiolytic drugs had significantly
higher levels of frequency of ventricular extra-
systoles but not of grade of ventricular extrasystoles.
This may well be a chance finding in a small group,
though the effect of heightened anxiety (requiring

treatment) cannot be excluded. A minority of
patients showed evidence of anxiety before dis-
charge, but the majority seemed relieved and
optimistic at the prospect of going home. Possibly
relatives become more stressed than patients, but
we did not examine this. Though the patients ap-
peared more relaxed in their homes, heart rate and
frequency and grade of ventricular extrasystoles
were all significantly higher during the home
recordings than during those made in hospital.
This would be unlikely to be a result of increased
physical activity27 41 because the difference in the
frequency of ventricular extrasystoles was most
obvious during sleep. Increased levels of circulating
catecholamines may have been responsible42 43 but
these were not monitored. Whatever the mechanism,
patients after acute myocardial infarction are more
at risk from serious ventricular extrasystoles 48
hours after hospital discharge than 48 hours before
it or at the time of discharge. The prognostic im-
portance of this finding is not clear. Winkle et al.44
and Anderson et al.32 have suggested that ventricular
tachycardia in the convalescent phase of acute
myocardial infarction does 'not change prognosis,
but reduced survival has been reported else-
where.4 31 45

This study shows that ventricular extrasystoles
are almost universal in the early convalescent phase
of acute myocardial infarction and that they are in-
creased 48 hours after discharge from hospital.
The actual time of leaving hospital and the journey
home do not appear to be periods of height-
ened risk from serious cardiac arrhythmias.
With the trend, however, towards even earlier
discharge from hospital after acute myocardial
infarction the above investigations may need
further re-examination.
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