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Abstract
Background-Although heart rate vari-
ability has already been studied in sur-
vivors of sudden cardiac death secondary
to coronary artery disease, an assess-
ment of heart rate variability in sur-
vivors of sudden cardiac death not
associatedvwith coronary artery disease
has not been made.
Methods-10 patients with aborted sud-
den cardiac death not associated with
coronary artery -disease (seven patients
with primary ventricular fibrillation and
three with unclassified mild cardiomy-
opathy) underwent two channel 24 hour
Holter monitoring in a drug free state.
All subjects were in sinus rhythm and
had normal atrioventricular conduction
and normal cardiac function. Spectral
heart rate variability was analysed on
a Holter analysis system and was
expressed as total (0.01-1.00 Hz), low
(0-04-0415 Hz) and high (0.15-0.40 Hz)
frequency components for each hour.
Heart rate variability index was calcu-
lated for the 24 hour periods. 10 age and
sex matched healthy subjects were taken
as a control group.
Results-The spectral heart rate vari-
ability over 24 hours was significantly
lower in survivors of sudden cardiac
death than in controls (total 38(15) v
48(14) ms; low, 25(11) v 32(13) ms; and
high, 13(8) v 18(8) ms; p < 0-05 for all
comparisons). The differences in the
ratio of low/high (2.19(0-76) v 1.98(0.50),
p = 0-132), mean heart rate (77(12) v
69(12) beatsimin, p = 0.070), and heart
rate variability index (38(12) v 44(16), p
= 0.287) over 24 hours between survivors
of sudden cardiac death and controls did
not reach significance. Comparisons of
the hourly heart rate variability over the
24 hour period between the two groups
showed that the differences in all compo-
nents of heart rate variability, low/high
ratio and mean heart rate were highly
significant. Furthermore, there was no
significant difference in the maximum
hourly heart rate variability over the 24
hour period. The minimum hourly heart
rate variability was, however, signifi-
cantly lower in survivors of sudden car-
diac death than in controls (total, 20(8) v

28(4) ms; low, 12(6) v 17(3) ms; high, 6(2)
v 8(2) ms; p < 0 05 for all comparisons).
Conclusions-These findings suggest that
there is abnormal autonomic influence
on the heart in patients without coronary
artery disease at risk of sudden cardiac
death. Hourly analysis of heart rate vari-
ability throughout the 24 hour period
may provide additional information
important in the identification of high
risk patients.

(Br HeartJ 1994;71:16-21)

Although substantial evidence shows that
autonomic interventions make a large contri-
bution to the pathophysiology of malignant
ventricular tachyarrhythmias and sudden car-
diac death,'-3 there are few data implicating
impaired autonomic influences on the heart
during normal daily activity in patients at risk
of sudden cardiac death. Recently analysis of
heart rate variability has provided a non-
invasive measure of autonomic effects on the
heart during normal daily activity. Heart rate
variability has been shown to be decreased in
many clinical settings." It has been reported
that analysis of heart rate variability can iden-
tify patients at risk of sudden cardiac death
after myocardial infarction independently of
information provided by other risk factors,
including clinical assessment, other ambula-
tory electrocardiographic variables, signal
averaged electrocardiography, and left ven-
tricular ejection fraction.9113 Heart rate
variability has been studied in survivors of
sudden cardiac death secondary to coronary
artery disease. Little is known, however,
about heart rate variability in survivors of
sudden cardiac death not associated with
coronary artery disease, particularly in
patients with primary ventricular fibrillation.
Most previous reports are based on the heart
rate variability data derived from long-term
(24 hour) ambulatory electrocardiograms.
Hourly heart rate variability, however, may
provide more information about autonomic
activity of the heart as the 24 hour values may
not show profound changes in heart rate vari-
ability occurring for short periods of time.
In this study, heart rate variability was there-
fore analysed hourly in survivors of sudden
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cardiac death not associated with coronary
artery disease to obtain evidence of impaired
autonomic activity on the heart and to define
the role of hourly heart rate variability in the
identification of patients at risk of sudden
cardiac death.

Patients and methods
PATIENTS
Ten patients (seven men and three women),
aged 45 (SD 16) (range 17 to 65 years), were
consecutively enrolled from those who had
experienced aborted sudden cardiac death.
All the patients underwent full evaluations
and were treated with implantable car-
dioverter defibrillators. Table 1 shows the
clinical characteristics of the patients. Of the
10 patients in this study, seven had clinically
normal hearts and another three had unclassi-
fied mild cardiomyopathy. None had coro-
nary artery disease or abnormal left
ventricular function. Patients with sinus node
dysfunction, atrial fibrillation, abnormal
atrioventricular conduction, decreased left
ventricular ejection fraction, and those who
needed back up pacing were excluded.
Patients who were on antiarrhythmic agents
or drugs affecting autonomic tone and sinus
node function were also excluded. Ten age
and sex matched healthy subjects were taken
as controls. None of the controls had a his-
tory of heart disease and their 12 lead electro-
cardiograms and 24 hour Holter
electrocardiograms were normal. During the
recording, all patients and controls carried
out their routine daily activities and nocturnal
sleep.

ANALYSIS OF HEART RATE VARIABILITY
All subjects underwent two channel (modi-
fied V5 and VI leads) 24 hour ambulatory
Holter monitoring. Heart rate variability was
analysed from these electrocardiograms on a
Holter analysis system (Marquette Series
8000). After classification of QRS morphol-
ogy, the longest and the shortest RR intervals
on the RR interval histogram were manually
confirmed until no QRS complex was mis-
labelled as either an artifact or an extra-
systole. The largest and the smallest RR
ratios on the RR ratio histogram were also

Table 1 The clinical characteristics ofsurvivors ofsudden cardiac death

Inducibility of
Patient No Age Sex Aetiology VT or VF Late potentials

1 41M Unknown - N
2 61F Cardiomyopathy - A
3 53M Cardiomyopathy + A
4 51M Unknown - N
5 33M Cardiomyopathy + A
6 39F Unknown - N
7 1 7M Unknown - A
8 29M Unknown - N
9 64F Unknown - N
10 65M Unknown - N

The patients with unknown aetiology were these without any overt structural heart disease
(including normal cardiac biopsy). The patients with cardiomyopathy were heterogeneous with
the diagnosis being made primarily on abnormal right ventricular biopsies without other
pathological findings. Patient 5 showed a mild hypokinesia of the right ventricle on angiography
and had a normal cardiac biopsy. Patient 7 had normal clinical investigations except abnormal
late potentials. As it is inappropriate to classify him as having a defined disease, the aetiology of
this patient was considered to be unknown. N, normal; A, abnormal.

visually checked to ensure all normal and
abnormal QRS complexes on the ambulatory
electrocardiograms were correctly labelled.
When calculating values of heart rate variabil-
ity, only normal to normal intervals were
included. Each interval that was to be
excluded due to extrasystoles or artifacts was
replaced by holding the previous coupling
interval level throughout the excluded interval
to the next valid coupling interval. The beat
to beat fluctuations were transformed to fre-
quency with the fast Fourier transformation
and the spectral measures were computed as
the square root of areas under the power
spectrum. In this study, spectral heart rate
variability was expressed as total (0 01-1 00
Hz), low (0 04-015 Hz) and high (0-15-
0-40 Hz) frequency components for each
hour. Mean heart rate was also calculated
from the 24 hour Holter recordings.
The QRS files were transferred to a per-

sonal computer for computation of heart rate
variability index.14 The main peak of the dis-
tribution diagram of the RR interval fre-
quency was approximated to a triangle. The
height of the triangle is equal to the frequency
of observation of the most common RR inter-
val (the modal frequency) and the area of the
triangle is approximately equal to the total
number of RR intervals. The heart rate vari-
ability index was calculated from the length of
the base of this triangle according to simple
geometrical rules: heart rate variability index
= total number of RR intervals / modal RR
interval frequency.

STATISTICAL ANALYSIS
All data were expressed as mean (SD) except
in figure 1 (SE). Student's t test was used to
compare differences between groups. A p
value < 0 05 was considered significant.

Results
Table 1 shows the clinical characteristics of
the patients. Seven of the 10 patients had a
clinically normal heart despite extensive
investigations and-could therefore be consid-
ered to have had primary ventricular fibrilla-
tion. The remaining three patients had
unclassified mild cardiomyopathy, two had
right ventricular myocardial fibrosis, and the
other had a hypokinetic right ventricle on
angiography with a normal right ventricular
myocardial biopsy. None of these 10 patients
had coronary artery disease or impaired left
ventricular ejection fraction. During electro-
physiological study, ventricular tachycardia or
fibrillation was inducible in only two patients.
Most of the patients had occasional ventricu-
lar extrasystoles during the 24 hour period
(range from 1 to 4315). The difference in
total number of ventricular extrasystoles dur-
ing the 24 hour recordings between controls
(45(94) beats/24 hours) and survivors of
sudden cardiac death (1033(1487) beats/24
hours) was significant after normalisation by
logarithmic transformation (0 77(0 86) v
2-06(0-39) log units, p < 0-05). Over 24
hours the spectral heart rate variability was
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Table 2 24 hour heart rate variability (HRV) in survivors ofsudden cardiac death and controls

Patient No HRVIndex Total (ms) Low (ms) High (ms) Lowlhigh Mean HR (beatslmin)
Survivors:

1 25 26 19 7 2-71 84
2 47 22 13 6 2-17 76
3 23 30 19 9 2-11 80
4 38 28 18 10 1-80 80
5 43 54 39 13 3 00 75
6 50 59 40 24 1-67 69
7 57 57 34 31 1 10 77
8 46 48 35 14 2-50 76
9 31 25 17 6 2-80 83
10 25 30 16 10 1-60 65

Mean (SD) 38 (12) 38 (15) 25 (11) 13 (8) 2-15 (0-61) 76 (6)
Controls:

1 34 37 26 13 2-00 80
2 51 33 17 10 1-70 53
3 53 42 27 11 2-45 67
4 27 42 27 12 2-25 68
5 69 84 64 34 1-88 56
6 62 52 31 25 1-24 71
7 47 53 33 27 1-27 87
8 29 54 39 19 2-05 73
9 22 42 27 15 1-80 67
10 47 39 24 13 1-85 71

Mean (SD) 44 (16) 48 (14)* 32 (13)* 18 (8)* 1-85 (0 38) 69 (10)

*p < 0 05 (paired t test).

significantly lower in survivors of sudden
cardiac death than in normal controls, but the
difference in the averaged values of low to
high ratio, heart rate variability index, and
mean heart rate did not reach significance
(table 2). There was also no significant differ-
ence in the 24 hour heart rate variability
between patients with normal (six patients)
and abnormal (four patients) late potentials,
and between patients with cardiomyopathy
and those with clinically normal hearts
(table 3).

Figure 1 shows the pooled hourly heart
rate variability and mean heart rate over the
24 hour period from each group. The figure
shows clearly that there was a significant
decrease in heart rate variability and a signifi-
cant increase in mean heart rate in survivors

Table 3 Mean (SD) heart rate variability in survivors ofsudden cardiac death in
relation to ventricular late potentials and aetiology

Late potentials Aetiology

Normal Abnormal Cardiomyopathy Primary VF

No 6 4 3 7
Total (ms) 36 (14) 41 (17) 35 (17) 39 (15)
Low (ms) 24 (10) 26 (12) 24 (14) 26 (10)
High (ms) 12 (6) 15 (11) 9 (4) 14 (9)
Low/high ratio 2-18 (0 56) 2-09 (0-78) 2-42 (0 50) 2-03 (0-66)
Mean heart rate 76 (8) 77 (2) 77 (3) 76 (7)

(beats/min)

Late potentials were considered as abnormal if any two of the three variables (total duration of
QRS complex, root mean square voltage of the last 40 ms of QRS complex, and the duration of
low amplitude signals under 40 mV) exceed their normal limits. All comparisons were NS.

Table 4 Maximum and minimum hourly heart rate variability in controls and survivors
ofsudden cardiac death

Controls Survivors

Total Low High Total Low High

Minimum (ms) 28 (4) 17 (3) 8 (2) 20 (8)* 12 (6)* 6 (2)*
Maximum (ms) 75 (26) 47 (18) 35 (20) 66 (17) 45 (14) 27 (17)
SD (ms) 13 (6) 8 (4) 9 (5) 11 (3) 8 (3) 6 (4)
Range (ms) 46 (24) 30 (17) 27 (19) 46 (14) 33 (11) 21 (16)

*p < 0 05. Range is the difference between the maximum and minimum hourly heart rate vari-
ability over the 24 hour period; SD is the standard deviation of the hourly heart rate variability
for 24 hours; values are mean (SD).

of sudden cardiac death. This difference,
however, was not evident from the data aver-
aged from 24 hour recordings. We therefore
compared the hourly heart rate variability
over a 24 hour period. As expected, the dif-
ferences in all frequency components of heart
rate variability (total, 40 (5) v 49 (4) ms,
p < 0-001; low, 27 (3) v 31 (3) ms,
p < 0 001; high, 14 (3) v 18 (4) ms, p <
0 001), low to high ratio (1-90 (0 27) v 1-74
(0 26), p = 0004) and mean heart rate (78
(8) v 70 (5) beats/min p < 0-001) between
survivors of sudden cardiac death and con-
trols were highly significant.
To gain an insight into the mechanism

underlying the abnormal heart rate variability
in survivors of sudden cardiac death, we com-
pared the difference between the maximum
and minimum hourly heart rate variability
throughout the 24 hour period. There were
229 hours of valid data for controls and 213
hours for survivors of sudden cardiac death
after exclusion of noisy segments of Holter
electrocardiographic recordings. There was
no significant difference in the maximum
hourly heart rate variability between controls
and survivors of sudden cardiac death (total,
75 (26) v 66 (17) ms; low, 47 (18) v 45 (14);
high, 35 (20) v 27 (17) ms, p > 0.05 for all
comparisons). The minimum hourly heart
rate variability, however, was significantly
lower in survivors of sudden cardiac death
than in controls (fig 2). There was also no
significant difference in the SD and range
(the difference between the maximum and
minimum) of the hourly heart rate variability
between the groups (table 4).

Discussion
Recently it has been reported that heart rate
variability provides important data for identi-
fying patients at risk of sudden cardiac
death after myocardial infarction.'5 Little is
known, however, about heart rate variability
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Figure 1 (A) Total, (B)
low, and (C) high
frequency components of
hourly heart rate
variability and (D) hourly
mean heart rate (HR)
over the 24 hour period in
controls and survivors of
sudden cardiac death. The
data are presented as mean
(SE).

0 Controls variability was significantly decreased in three
80 A 0 Survivors of sudden patients who died suddenly during ambula-

70 cardiac death tory electrocardiographic monitoring. Huikuri

60 I et al recently reported that the high frequency
II r ' f .F ;bq ; component of heart rate variability was signif-

50 - icantly decreased in 22 survivors of sudden
404- cardiac death without detecting any signifi-

H t ^t89t 2 r r cant differences in the amplitude of circadian
30 rhythm of heart rate, but statistical signifi-

20 cance was not reached in the low frequency
10 __*_.__,_*__,_,_*__-_t__*_. component (14 (13) v 22 (12) Ms2 x 10,10 *ii*i~ u. ' NS).'19 The study of Dougherty and Burr

showed that the low frequency component of
heart rate variability was significantly lower in

50 B 16 survivors of sudden cardiac death than in
controls, whereas the difference in the high
frequency power (2.5 (1-6) v 3-4 (1.2) log

40 units, p = 0.13) was not significant.20 It is
worth noting that the patients in our study3E did not have coronary artery disease and most

o 4 t I 9 +tIA wof them had had primary ventricular fibrilla-
tion. None of our patients had decreased left
ventricular ejection fraction or was on antiar-
rhythmic drugs. This is different from previ-

0- I --A. , . , . , . , ., ous studies, in which most patients had had a
myocardial infarction, many had decreased
cardiac function, and some were on antiar-
rhythmic drugs. Heart rate variability has
been shown to be decreased in patients with

40l C congestive heart failure,48 and antiarrhythmic
drugs may impair evaluation of cardiac auto-

30 nomic tone with analysis of heart rate vari-
Q1 4 IAT ability by modifying sinus node function or
E by influencing autonomic activity directly.2'
> 20 The small number of patients that we have
I g 1t 1 been able to study may explain the failure to

i0o find a significant difference in the averaged
values of low to high ratio, mean heart rate,
and heart rate variability index from the 24

0 hour period in this study. By hourly analysis
of heart rate variability in this group of
patients, however, the differences in heart
rate variability, low to high ratio, and mean

1001 D heart rate between survivors of sudden car-
90ldiac death and controls were shown to be

9E highly significant. As all of these patients had
4 I TIv/I 1!= experienced cardiac arrest, circulatory stand-
80E still during the period of cardiac arrest may

have caused myocardial injury and may have
I 70 affected autonomic function (heart rate vari-
co J v 11 ability). It seems unlikely, however, that this
E 60l injury was extensive as we were unable to per-

ceive any remaining evidence of significant
50 * structural or functional injury to the

0 4 8 12 16 20 24 myocardium at the time of this study
Time of day although a contribution of the cardiac arrest

to the observed abnormalities in heart rate
variability cannot be completely precluded. A

in survivors of sudden cardiac death not asso- larger prospective study on heart rate variabil-
ciated with coronary artery disease. Our ity will be required to fully define the signifi-
results show that the overall heart rate vari- cance of analysis of heart rate variability for
ability over 24 hours is significantly decreased risk stratification in patients without coronary
in these patients and this is consistent with artery disease.
previous reports on heart rate variability in Spectral analysis of heart rate variability
survivors of out of hospital cardiac arrest.'6-'8 can partly separate parasympathetic from
Preliminary observations of heart rate vari- sympathetic activity on the heart.22'8 The low
ability in patients experiencing sudden car- frequency component of spectral heart rate
diac death not associated with acute variability gives a measure of sympathetic
myocardial infarction was reported by Martin activity with some influence from vagal activ-
and colleagues.'6 They found that heart rate ity.2223 The high frequency component is
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Figure 2 Minimum hourly heart rate variability (HRV) was significantly lower in
survivors ofsudden cardiac death than in controls for total, low, and high frequency
components of the minimum hourly heart rate variability.

almost exclusively mediated by vagal activ-
ity,23-25 and the total heart rate variability is
predominantly influenced by cardiac vagal
activity.26-28 Kleiger et al reported that patients
with decreased heart rate variability had
either decreased vagal tone or increased sym-

pathetic tone.'0 The ratio of low/high fre-
quency components has been used as an

index of sympathovagal balance.24 29 The
results in this study that heart rate variability
was decreased and low/high ratio was

increased suggest that there may be an

increased sympathetic or decreased vagal
influence on the heart in survivors of sudden
cardiac death. This is further supported by
the increased mean heart rate in these
patients. It is well known that abnormal auto-
nomic activity plays an important part in the
development of sudden cardiac death after
myocardial infarction.'-3 The altered auto-
nomic influence on the heart may also be of
importance in sudden cardiac death without
coronary artery disease. As mean heart rate
represents the overall autonomic influence on

the heart, we did not adjust for mea heart
rate in this study when comparing the differ-
ence in heart rate variability although it has
been shown that there is an association of
heart rate variability to mean heart rate.26 30

In our study, the minimum hourly heart
rate variability was significantly lower whereas
the maximum hourly heart rate variability
remained unchanged in survivors of sudden
cardiac death compared with controls. This
suggests that there is a greater reduction of
heart rate variability in survivors of sudden
cardiac death under some circumstances.
What these circumstances are remains to be
elucidated. Furthermore, it seems that there
was no significant alteration in the amplitude
of circadian rhythm of heart rate variability in
survivors of sudden cardiac death compared
with controls as the differences in the range
(difference between maximum and mini-
mum) of heart rate variability over the 24
hour period were not significant between the

groups. It is worth pointing out that there was
a greater number of ventricular extrasystolic
complexes in the patients than in the controls
although most of these patients had few ven-
tricular extrasystoles. Frequent ventricular
extrasystoles may have a notable impact on
the spectral heart rate variability. This influ-
ence is, however, unlikely to be important in
our study as the number of ventricular
extrasystoles in either group was small com-
pared with the total number of normal sinus
beats over 24 hour recordings.

In summary, heart rate variability is
depressed in patients with ventricular fibrilla-
tion not associated with coronary artery dis-
ease; our findings support the hypothesis that
there is abnormal autonomic influence on the
heart in patients at risk of sudden cardiac
death; and hourly analysis of heart rate vari-
ability may provide additional information
important in the identification of patients at
high risk.
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