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Relation Between Heart Rate Variability and Spontaneous and
Induced Ventricular Arrhythmias in Patients With
Coronary Artery Disease
JUHANI 0. VALKAMA,
MD, HEIKKI V. I-WIKURI, MD, M. JUHANI KOISTINEN, MD,
SINIKKA YLI-M,&YRY, MD, K. E. JUHANI AIRAKSINEN, MD, ROBERT J. MYERBURG, MD, FACC*
0~1% Finland and Miami, Florida

Objectives.
The aim of this study wasto determine the relation
between autonomic control of heart rate and the spontaneous
occurrenceand inducibility of ventricular arrhythmias in patients
with coronary artery disease.
Bac&ound. Low heart rate variability increasesthe risk of
at-rhythmic events.It is not known whether impaired autonomic
heart rate control relIects alterations ..‘
r- fundicuai factors that
contribute to the initiation of spontaneous arrhythmias or
wbether it is the consequenceof an anatomie substrate for
reentrant tachyarrhythmias.
Mehads. Fifty-four patients with coronaryartery diseasewith
a history of sustainedventricular tachycardia(n = 25) or cardiac
arrest (n = 29) were studied by 24-h ambulatory electrocardiographic recording and by programmed electrical stimulation.
Heart rate variability wascomparedamong the patients with and
without spontaneousventricular arrhythmias and with and without inducibility of sustainedventricular tachyarrhythmias.
Results. Eight patients had a total of 21 episodesof sustained
ventricular tuchycardiaon Holter recordings.Standard deviation
of RR intervals and low frequency and very low frequency

componentsof heart rate variability were signilieantiyblunted in
patients with sustainedventricular tachycardiascomparedwith
thosewithout repetitiveventricular ectopicactivity (p c 0.05, p c:
0.01 and p < 0.05, respectively).However,no significant alterations were observedin heart rate variability before the onset of
21 epi&es of sustained vzntrtcular tachycardia. Heart rate
variability did not differ between the patients with or without
nonsustainedepisodesof ventricular tachycardia.In patientswith
frequent ventricular ectopic activity, low frequencyand very low
Iiequencypowercomponentsweresignificantlyblunted compared
with those with infrequent ventricular ectopicactivity (p e 0.0X
and p < 0.001, respectively).Heart rate variability did not differ
significantly between the patients with and without inducible
sustainedventricular tachyarrhythmias.
Conchsions. Impaired verylow and low frequencyoscillationof
heart rate reflectssusceptibilityto the spontaneousoccurrenceof
ventricular arrbythmias hut may not reflect the instantaneous
triggers for life-threatening arrhythmias or a specificmarker of
the at-rhythmicsubstrate for ventricular taehyarrhythmias.

Power spectral analysisof heart rate variability has the potential to quantify the activity and changes in cardiac autonomic
function (l-3). Previous studies have shown that blunting of
both total heart rate variability and measures of various
frequency domain components of heart rate variability indicate
an increasedrisk of arrhythmic events after myocardial infarction (4-6) and that spontaneous episodesof sustainedventricular tachycardia are preceded by low heart rate variability
analyzed in the frequency domain (7).
There may be several mechanisms that can explain the

associationbetween low heart rate variability and the risk for
life-threatening arrhythmias. One hypothesisis that low heart
rate variabiiiry reflects the presence of other factors, such as
left ventricular dysfunction or ventricular denervation, that can
serve as a substrate for life-threatening arrhythmias. Another
theory is that low heart rate variability activelyparticipates in
the pathophysiologic process,leading to the onset of arrhyhmias. The purpose of this researchwasto test these hypotheses
in patients with coronary artery disease with a history of
life-threatening arrhythmias by comparing the frequencydomain measuresof heart rate variability in patients with and
without spontaneous ventricular arrhythmias and in those with
and without inducibility of sustained ventricular tachyarrhythmias during programmed electrical stimulation.
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Methods
Patients. The study included 54 consecutivepatients with
coronary artery disease who were admitted to the Oulu
University Central Hospital (49 patients) and University of
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gable 1. ClinicalCharacteristicsof 54 Study Patients
61 - 8

AgeW

614X

Gender

(F/M)

Clinical

arrhythmia

25(46%)

Sustained
VT
Cardiac
NYHA

29 (54%)

arrest

functional

class

1

7(13%)

II
iI1

27 (50%)
17 (31%)
3 l+t
I ,I

1V
Previous MI
.4SCiiOi

23 143si)
9(1763

Inferior
22 Ml

!? (22F)

No MI

:Ciir%)

Ejection

fraction

.!q$gqhic

e-1+ 13

(‘%)

data (n = 47)

I-vessel disease
2-vessel disease

I7 (36%)

3-vessel disease

14 (XG)

Cardiac

I6 (345)

medicalion

Digitalis

21 (39%)

Diuretic
Beta-blocker

30 (56%)

1x (33%)

Calciumantagomst

b(llci)

ACE inhibitor

h(ll5)

Data presented

are mean vaiue t SD or number

angiotensinconverting
erqme:
infarction; IGYHG = New York

F = female;
Heart Awcktion:

(‘;)

of patients.

ACE

=

M = male; MI = myocardial
VT = ventricurar tachycardia.

Miami Medical Center (5 patients) because of Wthreatcnin2
ventricular arrhythmias. &en?-five patients had documented
episodes of sustained ventricular tachycardia, and 29 had Irvin
resuscitated from cardiac arrest. All patients had clinical or
angiographic evidence of coronary artery disease. Forty-four
patients (81%) had a history of previous myocardial infarction.
None of the patients had an acute myocardial infarction. The
clinical characteristics are presented in Table 1. The patients
provided informed consent for the studies.
Electrophysiologic
and angiograpbic
studies. Fifty-one patients underwent electrophysiologic testing, which included
incremental ventricular pacing and programmed ventricular
stimulation using up to three extrastimuli and two basic drive
cycle lengths (600 and 400 ms) from the right ventricular apex
and outflow tract. Induced ventricular tachyarrhythmias were
defined as described previously (8). Left-sided catheterization
was performed by the Judkins technique. Left ventricular
cineangiograms were recorded in the 45” anterior oblique
projection and calcdated by the biplane area-length method,
Halter record@. All patients underwent 24-h ambulatory
electrocardiographic (ECG) recordings. The Delmar Avionics
eiectroscanner was used for analysisof tape recordings, Ftir tbe
detection and quantification of arrhythmias, a two-channel
oscilloscopic display and an arrhythmia anaiyzpr were used. In
addition, all tapes were scanned manu;llly by an experienced
ohsezcr, and ail areas of questionable accuracy were verified
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by direct printout. All recordings were made with hvo-channel
tape recorders and two bipolar leads. Ventricular extrasystoles
were identified on the basisof the wedth of the QRS complex
and prematurity of the QRS complex of at least 30%. Ventricular tachycardia was defined as nocsustained if it lasted >4
beats but ~30 s and as sustained when its duration was >30 s.
The patients were classified into three groups according to the
number elf premature ventricular beats: infreqiisst (U to 9/h),
moderate (10 to 29,&) and frequent (230/h).
Analysis of heart rate variabili@
‘?he ECG data were
digitally sampled and transferred from the Delmar A+zAs
scanner to a microcomputer for anal,t’c;:
-. sEheart rate variability. The details I-if th: ni~aiy~isof frequency domain measures
;C ileart rate variability have been described previously (7). A
linear detrend was applied to the RR interval data segments of
512 samples to make the data more stationary. This was
implemented by first fitting a straight line to a segment by a
standard least-squares method and then subtracting it from the
sample values. The RR interval series was passed through a
filter that eliminates unwanted premature beats and noise and
fills the resulting gaps with an average computed in the local
neighborhood. An RR interval is interpreted as a premature
beat if it deviates from the previous qualified interval value by
more than a given tolerance (e.g., 3O%), which is a programmable variable depending on the prematurity index of ectopic
beats in each patient. With this filtering technique, abrupt
temoorarv changes in RR interva! seq~:ezcerepresenting noise
or ectopic beats-were removed, and a more stationary data set
was available for analysis. In addition, the RR intervals were
reviewed on the computer display by an experienced observer,
and the questionable portions were compared with the printouts of the Holter ECG recordings. only those RR intervals
reiated to normal sinus beats in a stationary state were
included in the fina! analysis, and uniy those segments with
>85% of qualified beats.
An autoregressive model was used to estimate the power
spectral densities of the RR interval variability (3). The size of
16 ~3s used for the model order in the analysisof the RR data.
The computer program automatically calculates the autoregressive coeficients to define the power spectral density.
Power spectra were quantified by measuring the area in four
bands: total power ~0.40 Hz, high frequency power from 0.15
to 0.40 Hz, low frequency power from 0.04 to 0.15 Hz and very
low frequency power from O.UO5to 0.04 Hz.
Statistical methods. Analysis of variance was used first to
compare the groups defined according to the number of
premature ventricular beats and the three groups defined
according to repetitive ventricular activity, followed by ScheE
tests and the t test for equality of mean values. Analysis of
variance followed by the I test was also used to compare the
groups wrth and without inducibility to ventricu!ar tachycardia
during programmed ekctrid stimulation. Because of the
skewness of distribution of the frequency-domain rnearzec.
log transformation was used to produce a non& distribution
before the statistical analyses were performed. Analysis of
I a;iacce tar repeated measure.A,,l
~“TLS was used to estimate the

Table 2.
Ectopic

Heart
Activity

Rate

Variability

in Relation

to Ventricu!ar

pernature
heats (VPBs)/h. Data prevznted arc mean v&e I SD. HI: KF) r
high (iow) frequency power; SD of RR1 = standzrd deviation of RR intenak:
VLF = very low frtqucnq power.

trends in heart rate variability variables before the onset of
sustained ventricular tachycardia episodes. Linear stepwise
multiple regression
analysis
was
pcrforrced
to assess
the
independent values of different component variables for prt:
dieting the occurrence of sustained ventricular tachycardia or
frequent ectopic beats, respectively.
RW.&S

Patients. Sustained ventricular tachycardia (~30 s) was the
clinical arrhythmic event in 25 patients (46%) and cardiac
arrest in 29 patients (54%) (Table 1). Most patients had a
history of previous myocardial infarction (81%). The average
heart rate and frequency domain measures of hwt ;;lk
variability did not differ between the patients with clinical
sustained ventricular tachycardia and those with cardiac arrest.
Frequency domain measures of hart rate variabiMy and
accurreuce of premature beats. Standard deviation of RR
intervals, total power. low frequency power and verq’ low
frequency power were sigclfkantly lower in the patients with
frequent premature ventricular beats than in those with infrequent ventricular events (p < U.Oi, p c 0.01, p < 0.01 and p <
0.001, respectively) (Tabie 2, !I;. i), After exclusion of patients with sustained ventrjcular tachycardias from the group of
frequent ventricular premature beats, the very low flequency
power was still significantly blunted ;rl :?is group compared
with patients with infrequent premature beats (p < 0.01).
Heart rate was also significant,ly higher in the patients with
frequent premature ventricviar beats tg < O.OOi),but ejection
fraction or angiographic severity of coron;;q artery disease did
not differ between the groups. In multiple regression analysis,
k&ding age, medication, ejection. k&n,
New York Heart
Association functional c!ass,location of myocardial infarction,
star?dard deviation of RR intervals and frequency domain
measures of heart rate variability, the very low frequency
power of heart rate variability was the only significant predictor
of frequent premature ventricular impulses (p < 0.01).

Figure I. Verylow frequency
patients with infrequent
pnmature
beats (VPBs).
the mean %&xs.

power of heart rate ~arjabilky
in
and frequent
(triangles)
ventricular
bars = 95% confidence iniewals of

(,VLF)

[risks)

Vetikal

Frequency domain measures of heart rate variability and
occurrence of ventricular tackyrardia. Standard deviation of
l-S ~nicrvals and the low frequency and very low frequency
components of heart rate variability were significantly lower in
the eight patients P4th wsrained vmtricular tachycardia than
ir, tiiuse without repetitive ventricular ectopic beats (p < 0.05,
p < 0.01 and p i 0.05, respecti!:ely) (Fig. 2. Table 3). Ejection
frraction
ar.d a@>g;aphic severity did not differ between these

0
c

440

VALKAMA
CT AL.
HEART RATE VARIABILITY

AND VENTRICULAR

Table3. Heart Rate Variability in Relation to Spontaneoils
Ventricular Tachycardia

Total power (ms”)
in total power
VLF (m?)
in VLF
LF (ms’)
In LF
I-IF (ms’)
In I-IF
RR1(ms)
SD of RR1 (ms)

No VT
(n = 3s)

Nonsustained
VT
(n = 8)

Sustained
VT
(n = 8)

1,910rf:2.237
8.0 c 0.9
1,272c 1.490
6.5 +- 1.3
341 2 334
5.4 k 1.1
297 + 349
5.2 + 0.9
935 + 174
60 it 23

1.830+ 1,177
7.9 If: 1.1
1,280+ 1,132
6.5 ?r 1.3
330 f 343
4.9 t 1.4
220 + 298
4.8 f 0.9
9!4 t 146
58 + 25

408 t 276
7.2 ” 0.5’
217 f 147
5.2 ?r 0.7’
55 _f 26
3.9 2 0.61‘
136 + 130
4.1 + 0.8
818 -c 70
42 + 13’

*p c 0.05,tp < 0.01 betweengroups with sustainedand no ventricular
tachycardia(VT). Data presentedare meanvalue f SD. Abbreviationsas in
Table 2.

groups. Frequency domain measuresof heart rate variability
did not differ between patients with nonsustained ventricular
tachycardiaand those without ventricular tachycardia. In multipie regression analysis,including age, medication, ejection
fraction, functional class, location of myocardial infarction,
severityof coronary artery diseaseand measuresof heart rate
variability, the low frequency power was the strongest predictor of the occurrenceof sustainedventricular tachycardia (p <
0.0001). Figures 3 and 4 show examplesof spectral analysisof
heart rate variability in two patients with and without spontaneous ventricular arrhythmias during 24-h ECG recording.
Dynamics of heart rate variability before onset of sustained
ventricular tachycardia. Changesin heart rate variability were

analyzed in l-h, U-mm and 5-min periods before the spontaSPECTRAL #WVS!S
W
Period
IS:00
- 2O:OO
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neous onset of 21 sustained ventricular tachycardiasin eight
patients. The mean rate of the ventricular tachycardiaswas
189 + 24 beatsimin, and the length 279 -t 163 beats. No
significant trends or alterations were observed in the measures
of heart rate variability before ihese anhythmic episodes,but
the average heart rate was higher in the S-min period before
the onset of sustainedventricular tachycardiathan 5 to 10 min
and IO to 15 min before the arrhythmic episode (p < 0.01)
(Table 4).
Frequency domain measures of heart rate variability and
inducibility to ventricular tachycardia during programmed
electrical stimulation. Sustained ventricular tachycardia was

induced in 30 (59%) of 51 patients and ventricular fibrillation
in 5 patients (10%) during programmed electrical stimulation
(Table 5). No significant correlations were found in the
frequency domain measuresof heart rate variability between
patients with inducibility to sustained ventricular tachycardia
or ventricular fibrillation compared with those without inducible arrhythmias or with inducible nonsustained ventricular
tachycardia during programmed electrical stimulation. However, high frequency power was significantly lower in patients
with induced ventricular fibrillation than in those with induced
sustainedventricular tachycardia (p < 0.02) (Table 6).

Discussion
Heart rate variability and occurrence of spontaneous ventricular arrhythmias. The very low frequency and low fre-

quency powers of heart rate variability were predictors of the
occurrence of frequent ventricular premature beats and sustained ventricular tachycardia in this study. Standard deviation
of RR intervals was also lower in patients ~iih episodes of
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Figure3. Powerspectral analysis of heart
rate variabilityin a patient with several

spontaneousepisodesof sustainedventricular tachycardiaduring 24-h electrocardiographicrecordingand who had induciblesustainedventriculartachycardia.

Averhb = averageheartbeat;Diff, diff =
difference;koel.dat = patientcode;hb =
heart beat; RMS = r,>ot-mean-square;
succ= successive.
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Figure 4. Powerspectralanalysis
of heart

rate variability in a patient with only
occasionalpremature ventricularbeats
during 24-helectrocardiographic
recording and who had induciblesustainedventricular tachycardia.Abbreviationsas in
Figure3.
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sustained ventricular tachycardia and frequent ectopic beats,
but in multiple regression analysis the very low and low
frequency power of heart rate variability were stronger predictors of arrhythmic susceptibility than the time domain measures of heart rate variability. We also previously showed (7)
that sustainedventricular tachycardia episodesare preceded by
reduced low frequent; components of heart rate variability. A
retrospective analysisof heart rate variability in postinfarction
patients has demonstrated that very low frequency power is the
strongest predictor of arrhythmic death (6). These findings
imply that impaired very low and low frequency osciliationsof
heart rate are strongly related to a risk for spontaneous
arrhythmic events.

A recent study (10) reported that spontaneous episodesof
ventricular fibrillation are not preceded by low measures of
heart rate variability analyzed in the time domain. In the
present series of patients with coronary artery disease with
documented episodes of iife-threatening arrhythmias, an impaired low Frequencycomponent of heart rate variability was
the strongest predictor cf the occurrenceof sustainedventricular tachycardia. However, no significant trends or alterations
were observed immediately before the onset of sustained
ventricular tachycardia episodes,suggestingthat impaired autonomic control may not be directly related to the processthat
initiates the tachyarrhythmias. In our previous study (7), total
heart rate variability was reduced in the hour preceding the

Table 4. Heart Rate VariabilityBeforeOnsetof 21 Spontaneous
Episodesof SustainedVentricularTachycardia
RR1
ON
Hours before VT (n = 14)
5-4
4-3
3-2
2-l
1-o
15-min periods before VT (n = 18)
60-45
45-30
30-15
15-o
S-min periods before VT (n = 21)
15-10
10-5
5-o

854
842
833
818
830

SD of RR1
W

VLF
(In msZ)

LF
(In ms’)

HF
(In ms’)

LF/HF
Ratio

+
2
+
f
2

137
135
113
124
125

44
42
41
36
41

-+ 20
i 25
? 24
ir 22
2 25

5.7
5.5
5.5
5.3
5.2

+
2
k
z
+

1.1
1.4
1.4
1.3
1.5

4.2
4.1
3.9
4.0
3.1

2
t+
t
t

1.1
1.3
1.4
1.4
1.8

4.1
4.5
4.3
4.5
4.1

I 1.0
+_ 1.0
c 0.9
+ 1.1
?r 1.0

0.9
0.9
0.9
0.9
0.8

f
t
2
It
2

1.0
1.0
1.0
1.2
1.3

809 -c
812?
809 f
790 +

88
112
116
117

31 i-23
302 13
292 13
41 i: 23

4.9
5.2
5.0
5.4

+ 1.5
-e 1.3
2 1.4
+ 1.3

3.9
4.0
3.9
4.1

k
2
?
+

1.3
1.4
1.6
1.3

4.6
4.7
4.8
4.6

it
-t
-+
rt

0.8
0.9
0.8
0.9

+
2
t
t

0.6
0.5
1.2
0.7

784 rt 73
715 rt 12
756 rt 67*

222 10
25 ir 15
27 i 13

4.1 -c 1.1
4.8 C 1.2
4.1 + 1.5

3.4 + 1.4
3.5 k 1.1
3.6 2 1.0

*p < 0.01 in RR interval with repeated measures analysis of variance. Data presented are mean value -t SD. Abbreviations

1.2
1.1
1.0
1.2

4.4 + 1.1
4.4 t 1.0
4.5 + 0.9
as in Table 2.

0.8 t 1.3
0.8 + 1.2
0.8 -t 1.5
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Table5. Typeand Mode of Inductionof SustainedVentricular
Tachyarrhythmias
DuringProgrammedElectrical
Stimulalionin 35 Patients
Monomorphic
VT
(n = 27j
No. of extrastimuli
1
2
3
Mean (?SD)

VF = ventricular

1.5
350 t 53

fibrillation;

VF
(2j

(n = 5)

0

2
IO

VT rate (ms)

Polymorphic

VT = ventricular

0
0
5

2
1
287 + 25
tachycardia.

onset of sustained ventricular tachycardia, and a substantial
increase in the low frequency/high frequency ratio was observedbefore the onset of ventricular tachycardiaepisodes.In
the present study,which included a larger number of sustained
ventricular tachycardia episodes,these observationscould not
be confirmed. The increasein total heart rate variability and
low frequency/high frequency ratio seem to be more e*+dent
before nonsustained than sustained ventricular tac!iyca+e
episodes(7,11,12), and reduced heart rate variability is a more
specific finding in the hours preceding sustained ventricular
tachycardia episodes (7). It is not known at what time the
dynamicsof heart rate variability change before the onset of
sustainedventricular tachycardia.It was not possibleto record
long time periods before the OCCL
‘rrence of spontaneous ventricular tachycardia episodes in this study. Therefore, it remains uncertain whether there exists a temporal relation
between low heart rate variability and onset of sustained
ventricular tachycardia episodes or whether low heart rate
variability is a marker of susceptibilityto sustainedventricular
tachycardiasonly.
Heart rate variability and inducibility during programmed
electrical stimulation. Many clinical variablescan predict the
inducibility of sustained ventricl:!ar arrhythmias during programmed electrical stimulaticn, including male gender (13Table6. Heart Rate Variabilityin Relationto Inducibilityof
VentricularTachyarrhythmias
in 5! Patients
Inducibility

No VT
(II = 11)

During PES

Nonsustained

Sustained

(“Y5,

(n Y30)

(nT5)

Total power
(In ms*)

8.3 + 0.8

8.2 f 0.9

1.9 + 0.7

1.6 t 1.9

VLF(inms’)

6.72 I.!

6.4
5.4
5.5
918

6.4 + 1.4

6.2
4.2
4.2
833
54

LF (In ms’)
HF (inms2)
RR1(ms)
SD of RRI (ms)

5.5
5.2
1,012
69

+
+
i:
+

1.4
0.8
126
25

+ 1.4
+ 1.3
-+ 1.3
c 115

65 + 31

5.2 + 1.1
5.2 + 0.9
921 : 178
55 + 21

2
t
z
2
t

1.0
1.2
0.6*
lOO*
20

*p < 0.02 between groups with sustained ventricular tachycardia (VT) and
ventricular fibrillation (VF) in the high frequency power (HF) component and
between the groups with ventricular fibrillation and no inducibility in RR interval
measures. Data presented are mean value t SD. PES = programmed electrical
stimulation; other abbreviations as in Table 2.
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15), history of previous myocardial infarction wlith or without
myocardial aneurysm (14), documentation of ventricular
tachycardia at the time of cardiac arrest (1.5), intraventricular
conduction delay (14) and the signal-averagedECG (S-20).
In our study, none of the components of frequency-domain
measuresof heart rate variability could predict the inducibility
to sustained ventricular arrhythmias.
Patients with inducible ventricular fibrillation had lower
high frequency power and a higher basal heart rate than those
with inducible sustained ventricular tachycardia, suggesting
impaired vagal or increased sympathetic, or both, tone in
patients with inducible ventricular fibrillation. We previously
showed (8) that beta-adrenergic blocking agents can suppress
the inducibility of fast, unstable ventricular tachyarrhythmias
in patients with a high basal heart rate (8). In addition to
antiadrenergic properties, beta-blockers may also enhance
vagal tone, which can protect the patient from the inducibility
of ventricclar fibrillation (21,22). However, the number of
patients with inducible ventricular fibrillation in the present
serieswas too small tc make firm corlclusionsin this respect.
Possible arrhythmogenic mechanisms of low heart rate
variability. Impaired very low frequency and low frequency
components, but not the high frequency power, of heart rate
variability were strongly associated with the occurrence of
spontaneous arrhythmias. Atropine abolishes all frequencydomain components almost completely (23), suggesting that
vagal efferent activity is al!o a significant modtilatilig factor for
the very low and low frequency components of heart rate
variability. However, the afferent limb or stimulus to the high
frequency components is different because high frequency
oscillation is related to respiration and is mediated primarily by
pulmonary afferent stimuli (24). The afferent stimuli of lower
frequency components may arisefrom the large vesselsand the
ventricles of the heart. These differences in sensoryinput may
explain the relative importance of different frequency-domain
components for the risk of arrhythmic episodes.
Methodologic considerations. Ventricular ectopic beats
may potentially invalidate measurementsof heart rate variability in the frequency domain. Ventricular premature beatswere
carefully excluded from the analysisof heart rate variability
and replaced by an average of neighborhood RR intervals. In
our experiments (7), eliminating randomly different numbers
of RR intervals has allowed reliable measurementsof spectral
components of heart rate variability to be achieved by this
technique (~5% error) if ~15% of impulsesare excluded from
the analysis.Therefore, only those segments with >dSi;/o of
qualified beats were included in the analysis,which eliminates
the significant effects of the density of ectopic beats on the
results.
The spectral components of heart rate variability did not
change significantly, but heart rate had a tendency to increase
before the onset of spontaneous episodesof sustained ventricular tachycardia. This might implicate sympathetic activation
as a trigger of sustained arrhythmic episodes. Power spectral
components of heart rate variability may not be accurate
measuresof temporal changesin sympatheticactivity. Further-
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more, heart rate variability reflects autonomic modulation at
the sinus node level but not at the ventricular level. Therefore,
unaltered measuresof heart rate zuiability do not exclude the
significance of autonomic fluctuation, especially adrenergic
inluences, as a triggering or contributing factor for spontaneous life-threatening arrhythmias.
Clinical implications. The results of this study imp!y a
functional relation between abnormal autonomic control of
heart rate and the spontaneous occurrence of ventricular
arrhythmias. However, further research will be needed to
confirm these observations in larger groups of patients with
different risksof ventricular arrhythmias. The pathophysiology
of the reduction in very low and low frequency oscillationsof
heart rate and their significance in arrhythmogenesis also
warrants further research.
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