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Influence of the autonomic nervous system on
circadian patterns of myocardial ischaemia:
comparison of stable angina with the early
postinfarction period
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Kulasagaram Ranjadayalan, Adam D Timmis

Abstract
Objective-To compare the circadian
rhythm of myocardial ischaemia in
patients with stable angina with that in
patients in the early postinfarction period
with particular emphasis on the role of
the autonomic nervous system.
Patients-44 patients with stable angina
and ischaemia on treadmill testing
(group A) were compared with 131
patients in the early postinfarction period
(group B). All had 48 hour ambulatory
Holter monitoring.
Setting-Coronary care unit and cardiol-
ogy department of a district general hos-
pital.
Design-Prospective, between group,
comparative study.
Results-337 ischaemic episodes occur-
red in 35 patients in group A and 370
ischaemic episodes occurred in 65
patients in group B. 34%/o of patients in
group A had only silent episodes of
ischaemia compared with 97° in group B
(p < 0.0001). In group A ischaemic
episodes showed a circadian rhythm that
peaked during the daytime hours (p <
0.0001), but this was not seen in group B.
Both the high (0-15-0-40 Hz) and low
(0.04-0.15 Hz) frequency spectral compo-
nents of heart rate variability showed a
clear circadian rhythm (p < 0.0001); peak
values occurred during the sleeping
hours, although this pattern was less pro-
nounced in group B. The ratio of low to
high frequency variability (a measure of
sympathovagal balance) showed a peak in
daytime hours in group A (p < 0.002), but
this was not seen in group B.
Conclusion-In stable angina, myocar-
dial ischaemia peaks during the day and
is associated with a similar circadian
rhythm of sympathovagal balance. In the
early postinfarction period both the
ischaemic and sympathovagal rhythms
are severely diminished or lost alto-
gether. Circadian changes in sympatho-
vagal tone may explain, at least in part,
the circadian rhythm of ambulatory
myocardial ischaemia in patients with
stable angina.

(Br HeartJ' 1994;71:329-333)

Circadian rhythms are now established in
ischaemic heart disease,1-3 and examining

such patterns may help to understand the
underlying pathophysiology. For example,
myocardial infarction is more common in the
second quarter of the day,4 I and this may, in
part, be due to diurnal fluctuations in platelet6
and fibrinolytic factors.78 Also, an increase in
sympathetic activity is likely to contribute to
the increased incidence of acute myocardial
infarction in the immediate hours after wak-
ing.9 10

Circadian rhythms in patients with stable
angina have been extensively studied."
Ischaemia seems to be greatest in the second
quarter of the day, with a secondary peak in
the late afternoon.' There are, however, few
data on such rhythms in the postinfarction
period,'2 when myocardial ischaemia is com-
mon and usually silent.'2-'4 Such ischaemia
may indicate a poor prognosis'3 and the mech-
anism causing it is therefore of interest.
Autonomic function is deranged in the postin-
farction period," and may play a part in the
pathophysiology of ischaemia in these
patients.

This study has therefore been designed to
compared the circadian rhythms of myocar-
dial ischaemia in patients with stable angina
with patients in the postinfarction period,
putting particular emphasis on the role of the
autonomic nervous system.

Methods
PATIENTS WITH STABLE ANGINA (GROUP A)
Consecutive patients were recruited from
those undergoing exercise treadmill tests for
the assessment of angina. All patients were
required to have a normal resting 12 lead
electrocardiogram to minimise ambiguity in
interpretation of ST changes during exercise
and ambulatory monitoring. Forty four
patients fulfilled these criteria and developed
ischaemia on exercise treadmill tests (defined
as >0Q1 mV of planar or down sloping ST
segment depression) and 41 underwent coro-
nary angiography to confirm significant coro-
nary artery disease (defined as at least one
stenosis of > 75% in one or more of the main
coronary arteries). Antianginal medication
was withdrawn five days before the study with
the exception of short acting nitrates, which
were disallowed only during the study.

PATIENTS AFTER ACUTE MYOCARDIAL
INFARCTION (GROUP B)
Patients were recruited from those treated
with thrombolysis for acute myocardial
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infarction. Myocardial infarction
firmed if at least two of the followir
were fulfilled; (a) typical chest pa
> 30 minutes; (b electrocardiographi
of Q wave or non-Q wave myocard
tion; (c) rise in serum creatine kinasc
IU/1. Only patients with confirmed n
infarction and a stable course in hoq
were not taking ,6 blocking drugs we
ered for inclusion. Patients with rep
abnormalities caused by left bund
block, paced rhythms, and concurrei
treatment were excluded. One hur
thirty one patients fulfilled these cr
underwent Holter monitoring.

AMBULATORY HOLTER MONITORING
All patients underwent 48 hour al
Holter monitoring of ST
Recordings were made in group
(range 48 -235) hours after the
infarction when the patients wer
Lead CMV5 and modified lead II v
and recordings were made with a P
Series 8000 recorder. These were
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with a Marquette Holter Acquisition Module
with software version 5-8. The time and
duration of episodes of ST depression were
documented. An episode was defined as >
0-1 mV of planar or down sloping ST segment
depression lasting for > 1 min; the ST
segment was required to return to baseline for
two minutes before a second episode could be
counted. The occurrence of anginal symp-
toms was indicated by pressing a button on
the recorder and keeping a dairy.

icred and HEART RATE VARIABILITY
^iteria and The first 24 hours of Holter recording were

analysed for spectral and non-spectral
measures of heart rate variability with
Marquette heart rate variability software. The

mbulatory measures calculated were: amplitude of low
segments. (0.04-0.15 Hz) and high (0-15-0.40 Hz)
B at 88 frequency spectral analysis for each hour,
onset of proportion of adjacent RR intervals more than

e mobile. 50 ms different (pNN50), root mean square
vere used, of difference of successive RR intervals
Aarquette (rMSSD), mean of all 5 min standard devia-
analysed tions ofRR intervals (SD), standard deviation

of 5 min mean RR intervals (SDANN), and
1000 the standard deviation of all RR intervals

(SDRR). Only patients with adequate quality
recordings for the whole 24 hours were

800 included in analysis of heart rate variability.
- There were 24 such patients in group A and
E 36 in group B. Low frequency to high
< frequency amplitude ratios were calculated

600 O and plotted for hourly intervals.
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Figure 1 Circadian variation in the number and duration of ischaemic episodes over 12
two hour periods in patients with (A) stable angina (group A), and (B) after myocardial
infarction (group B).

STATISTICAL ANALYSIS
All averaged results were expressed as mean

(SEM). Spectral and non-spectral measures

of heart rate variability in the two groups were

compared with the Mann-Whitney U test.
Analyses of circadian rhythm in heart rate
variability were carried out with repeated
measures analysis of variance of the variables:
log high frequency amplitude, log low fre-
quency amplitude, and log of the ratio of low
to high frequency. Two sided p values were

considered significant at the 5% level.
The study was approved by the Newham

Health District Ethics Committee, and all
patients gave informed consent.

Results
PATIENTS

Forty-four patients with stable angina (group
A) and 131 patients in the early postinfarction
period (group B) were studied. The two
groups were similar in age (61-3(1-4) v

62 0(0 9) and sex (80% v 84% men).

ISCHAEMIC EPISODES

Analysis of the 48 hour Holter recordings
identified 337 ischaemic episodes in 35
patients in group A, and 370 ischaemic
episodes in 65 patients in group B. In group
A, 12 patients had only silent episodes, four
had only painful episodes, and 19 had both.
By contrast, 63 patients in group B had only
silent ischaemia and the remaining two had
both silent and painful episodes (X2 = 47.7, p
< 0-0001). Figure 1 shows the number and
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Table Heart rate variability (mean (interquartile range))

Group A Group B
(n = 24) (n = 36) p Value

High frequency peak (ms) 10 7 (7-14) 6-7 (4-9) 0 0007
Low frequency peak (ms) 23-7 (16-28) 13-0 (8-15) 0-0001
SDANN (ms) 130 (106-144) 66 (53-78) 0-0001
SD (ms) 53 (41-60) 33 (23-40) 0-0001
rMSSD (ms) 25 (17-28) 20 (14-25) 0-02
pNN50 (%) 5-5 (1-7-6-5) 3 4 (0 4-5 3) 0-02
SDRR (ms) 143 (122-156) 78 (60-86) 0-0001

pNN50, proportion of adjacent RR intervals more than 50 ms different; rMSSD, root mean
square of difference of successive RR intervals; SD, mean of all 5 min standard deviations of RR
intervals; SDANN, standard deviation of 5 min mean RR intervals; SDRR, the standard deviation
of all RR intervals.

duration of ischaemic episodes occurring in
each of 12 two hour periods throughout the
day and night. In group A, ischaemic episodes
showed a clear circadian rhythm; 218
episodes (65%) occurred from 0600 to 1800
compared with 119 episodes (35%) during
the right (p < 0-001, Wilcoxon signed rank
test). In group B, however, this rhythm was
abolished, with a tendency to more episodes
during the night. Thus there were 157
episodes (42%) during the day and 213
episodes (58%) during the night (p = 0 08).

HEART RATE VARIABILITY
Analysis of the first 24 hours of each Holter
recording showed that spectral and non-spec-
tral measures of heart rate variability were
higher in group A than group B (table). In the
group as a whole, the high frequency spectral
component of heart rate variability showed a
clear circadian rhythm (p = 0f0001). In group
A there was a peak at night (18 00-06 00) of
11 1 ms and p daytime (06 00-18 00) trough
of 9- 1 ms. The pattern in group B was not sig-
nificantly different (p = 0-12), but seemed
slightly less with a peak of 7-2 ms and a
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Figure 3 Circadian variation in ratio of low to high
frequency spectral measures ofheart rate variability as a
marker ofsympathovagal balance over 24 one hour periods
in patients with stable angina (group A) and after
myocardial infarction (group B).

trough of 6-6 ms. A similar circadian variation
was seen in the low frequency range (p =
0-0001), which, although it seemed less pro-
nounced in group B, was not significantly dif-
ferent between the groups (p = 0-72). Group
A had a daytime peak of 22-7 ms and a night-
time trough of 21-4 ms; in group B the ampli-
tudes were 13-5 and 12-6 ms (fig 2).

SYMPATHOVAGAL BALANCE
When the ratio of low to high frequency vari-
ability was analysed to provide a measure of
sympathovagal balance, the circadian rhythm
changed. In the patients as a whole, there was
a significant circadian variation (p < 0-002)
that differed between the groups (p = 0-06).
Figure 3 shows that in group A, peak values
occurred during the day with a trough at night
(2-39 v 2-18), but this was clearly abolished in
group B (1-98 v 1-95).

Figure 2 Circadian
variation in low and high
frequency spectral measures
of heart rate variability
over 24 one hour periods in
patients with (A) stable
angina (group A) and (B)
after myocardial infarction
(group B).
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Discussion
Mechanisms of ambulatory myocardial
ischaemia remain uncertain. Ischaemia seems
to represent a complex imbalance of oxygen
supply and demand provoked partly by
increases in heart rate'6 and blood pressure,7 18
and partly by increases in coronary vascular
tone.'8 Any mechanistic theory of ambulatory
ischaemia must be able to account for its
circadian rhythm, which has been shown in
previous studies of patients with stable
anginal and confirmed in our present study.
Deedwania and Nelson showed that the peak
of ischaemic episodes in the second quarter of
the day was associated with a simultaneous
peak of heart rate and blood pressure and as
the minute by minute control of these haemo-
dynamic variables is predominantly a function
of the autonomic nervous system, they sug-
gested that surges in sympathetic activity at
this time of day might be responsible for their
findings.'9
Our present study, in which Holter moni-

toring permitted simultaneous analysis of ST
segment changes and heart rate variability,
provides further evidence implicating the
autonomic nervous system as an important
determinant of the circadian rhythm of
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ambulatory myocardial ischaemia. Pagani et al
have suggested that spectral analysis of heart
rate variability can provide information on
the interaction between sympathetic and
parasympathetic regulatory activities, with the
low frequency component reflecting the level
of sympathetic drive to the heart and the high
frequency component (which disappears after
a dose of of atropine) reflecting vagal activ-
ity.20 Thus the low to high frequency ratio
provides a convenient index of sympathovagal
balance.2' We have applied spectral analysis of
heart rate variability to the patients in this
study and have shown that in stable angina, a
circadian rhythm of sympathovagal balance
exists, peaking during the day at the time
when ambulatory myocardial ischaemia is also
at its peak. Early after myocardial infarction,
on the other hand, when autonomic function
is known to be deranged, the circadian
rhythm of sympathovagal balance was
severely lessened due largely to loss of the
morning sympathetic surge. Perhaps because
of this, the morning peak of ambulatory
ischaemia was also lost. Of course, early after a
myocardial infarction treated by thrombolysis,
plaque instability and intracoronary throm-
botic debris can cause ongoing ischaemia,22
independently of autonomic influences, and
this might obscure any relation that exists.
Nevertheless, the data provide circumstantial
evidence supporting the hypothesis of
Deedwania and Nelson that in patients with
stable angina the circadian rhythms of ambu-
latory ischaemia and sympathovagal activity
may be causally inter-related.'9
The hypothesis that the circadian rhythm

of ambulatory ischaemia in patients with sta-
ble angina is caused by fluctuations in sympa-
thetic activity is attractive for three reasons. It
is consistent with the known circadian
rhythms of blood catecholamine23 and corti-
so124 concentrations that also peak in the sec-
ond quarter of the day. It is also consistent
with reports that,B blockers are effective in
reducing the frequency and the circadian
variation of ambulatory ischaemia.25 Finally, it
is consistent with current concepts of the
pathophysiology of ambulatory myocardial
ischaemia, which view it as the combined
response to increases in oxygen demand and
reductions in oxygen supply, in a variable
ratio.26 Thus sympathetically driven incre-
ments in heart rate and blood pressure would
be expected to provoke ischaemia through
parallel increases in myocardial oxygen
demand. Patients with stable angina, how-
ever, are often predisposed to exaggerated
vasoconstriction due to the development of
endothelial dysfunction in relation to athero-
sclerotic plaques,27 and when this is the pre-
dominant response to a sympathetic stimulus,
it can lead to supply driven ischaemia without
a large increase in myocardial oxygen
demand. This is regarded 'as the most likely
mechanism for those episodes of ambulatory
ischaemia that occur without a preceding
increase in heart rate or blood pressure.26
The circadian rhythm of sympathovagal

activity in patients with stable coronary artery

disease may also account for previously
described circadian rhythms of out of hospital
sudden cardiac deaths2 and onset of acute
myocardial infarction,5 both of which peak in
the second quarter of the day. Thus it is possi-
ble to speculate that the same sympathetic
drive that provokes the morning peak in
myocardial ischaemic episodes might also
provoke cardiac arrhythmias or plaque events,
either by direct effects on the myocardium or
indirectly through provocation of ischaemia
and surges in blood pressure. This may have
important implications for prophylactic treat-
ment if effective suppression of the morning
peak in sympathetic drive could be achieved
by giving /3 blockers.

In conclusion, this study has shown that in
stable angina the circadian rhythm of myocar-
dial ischaemia, peaking during the day time
hours and dipping at night, is associated with a
similar circadian rhythm of sympathovagal
balance. In the early postinfarction period,
both the ischaemic and sympathovagal
rhythms are severely diminished or lost alto-
gether. Although causality cannot be proved,
the data suggest that circadian changes in
sympathovagal tone may explain, at least in
part, the circadian rhythm of ambulatory
myocardial ischaemia in patients with stable
angina.

BM is funded by the British Heart Foundation.
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