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Leading Article

The broken heart: noninvasive measurement of cardiac
autonomic tone

Stephen Oppenheimer

Cerebrovascular Program, The Johns Hopkins Hospital, Meyer 5-185, 600 North Wolfe Street, Baltimore
MD 21205, USA

Raconteurs relate reports of sudden death under
emotional stress, frequently with a retributional
message. However, florid embellishments give
these tales apochryphal status in serious circles.
Recently, interest in this phenomenon has revived.
Taggart et al.1 demonstrated increased ventricular
ectopy and plasma catecholamine levels in stressed
normal individuals without heart disease, and the
severity of ventricular arrhythmias increases under
these circumstances in known cardiac cases.2
Catecholamine infusion in humans alters cardiac
repolarization and generates arrhythmias.3
The demonstration of cardiac chronotropic

organization within the rat insular cortex may
indicate how emotional stresses alter cardiac
autonomic tone.4 This area, in humans lying
beneath the frontoparietal and temporal opercula,
has profuse reciprocal connectivity with the limbic
system which is predominantly involved in emo-
tional control.5 Prolonged stimulation of cardiac
insular sites produces repolarization abnormalities
and ventricular ectopy coupled with increased
plasma norepinephrine levels and asystolic death.6

Shifts in autonomic tone from parasympathetic
to sympathetic predominance can induce vent-
ricular ectopy.7'8 Beta-adrenergic blockers reduce
ventricular fibrillation incidence in experimental
myocardial ischaemia or infarction.9"0 Thus,
noninvasive assessment of autonomic balance
clearly would be useful in patients at risk of sudden
cardiac death under emotional circumstances (such
as those following myocardial infarction). This can
now be achieved by fast Fourier transformation
(FFT) of the heart rate (RR interval). This proce-
dure decomposes the envelope of heart rate into its
sine wave elements and displays them against their
weighted contribution to the overall envelope
(power). Using this technique, several peaks of

activity have been identified. A low frequency (LF)
band (0.04-0.12 Hz) corresponds to both para-
sympathetic and sympathetic cardiac influences,
whereas a high frequency (HF) band (0.2-0.28 Hz)
corresponds with the respiratory frequency and
parasympathetic cardiac tone."'3 In healthy,
supine young volunteers, the predominant
influence on both peaks is vagal.'2 On standing, the
HF peak decreases markedly, and sympathetic
contribution to the LF peak increases.12"3 Thus, the
relative autonomic contributions are posture
dependent in the young. The technique shows good
reproducibility on repeat assessments in normal
individuals over periods of up to one year.'3"4
The RR interval FFT is usually analysed using

5-7 minute epochs from Holter data. There are,
however, several methodological and practical
difficulties. RR variability is a pseudo-random
phenomenon yet FFT analysis is mainly applicable
to non-random events. Also there is difficulty in
determining the relative power of the individual
spectral frequencies. To some extent these prob-
lems can be overcome by the use of autoregressive
algorithms.'5",6 In addition, FFT analysis assumes
a regular heart beat. It is consequently unsuitable
for patients in persistent non-sinus rhythms such as
atrial fibrillation. Frequent ventricular ectopics
also artificially broaden the FFT spectrum. Several
methods are available for dealing with this: visual
scanning of Holter data and selection of ectopic-
free epochs for analysis; the use of a filtering
algorithm to eliminate ectopics,'4 elimination of
sharp transients on the tachogram by splining.'7
The spectrum also depends on the pattern of
respiration: regular breathing in response to a
metronome signal augments the HF peak com-
pared to spontaneous breathing.'3
Age also affects the FFT spectrum. Total RR

interval FFT spectral content decreases with age as
does the area associated with HF and LF peaks.'8
However, the ratio of HF to LF remains
unchanged. The effect of standing is also age
dependent. The normal LF increase on standing
becomes progressively less marked with age.'8
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There is also an age-related attenuation of the
standing-induced increase in the HF component.
However, the LF/HF ratio on standing is un-
affected by age. These observations are true during
spontaneous breathing. Regular, metronome-
paced breathing produces different age-related
results. The LF/HF ratio becomes age-dependent
both in supine and upright positions.'8
Thus the balance between parasympathetic and

sympathetic effects on the heart is unaffected by age
either in the supine or upright position during
spontaneous breathing. However, metronome
breathing does result in the development of age-
related changes in FFT spectral content during
postural manoeuvres.
The HF component in response to metronome-

entrained breathing declines linearly until 30 years
when no further change is noted whereas the low
frequency component shows a linear decline to 62
years.'9 This implies that respiratory sinus arrhyth-
mia is negligible in both the supine and standing
positions after 30 years and suggests a different
time course for the changes in sympathetic and
parasympathetic influences on the heart.
The effects of medication on the FFT are not

entirely clear. Naturally, the spectrum is affected by
alpha and beta blockade. but some of the lower
frequency components (especially VLF and
ULF-see below) may be in part determined by
changes in the renin-angiotensin system." The
effects of angiotensin converting enzyme (ACE)
inhibitors on the spectrum are not defined as yet.

Stress will shift the balance toward sympathetic
predominance emphasizing the LF peak and
decreasing the HF peak.20 Consequently, patients
should be relaxed while heart rate data are being
collected.

Spectral power at all frequencies is reduced in
severe congestive cardiac failure and is virtually
absent at powers greater than 0.04 Hz in these
patients.'7 This suggests a shift towards sym-
pathetic predominance. Thus, the presence and
severity of congestive heart failure must be con-
sidered in assessing the spectral result.
FFT analysis of the RR interval has prognostic

significance. Bigger et al.2' divided the frequency
domains of the 24 hour FFT of patients 2 weeks
after myocardial infarction into four bands: an
ultra low frequency (ULF) band of< 0.0033 Hz; a
very low frequency (VLF) band 0.0033 to
< 0.04 Hz; a LF band 0.04 to < 0.15 Hz; and a HF
band of 0. 15-0.40 Hz. Decreases in low frequency

and high frequency power are less predictive of
mortality after myocardial infarction. On the other
hand, there is a strong relationship between
decreased ULF, VLF, total power and mortality
over the ensuing 2.5 years which is independent of
other risk factors. Decreased VLF power is
specifically associated with arrhythmic death.

Heart rate variability may be assessed by an
alternative technique to FFT. RR intervals can be
collected over a 24 hour period, and then displayed
according to their frequency ofoccurrence after the
elimination of ectopic beats. This produces a mean
and standard deviation for the RR interval.2225
This method cannot estimate sympathetic activity,
but parasympathetic activity can be ascertained by
measuring the number of beats whose succeeding
RR intervals are greater than 50 ms.24 Heart rate
variability (expressed as the standard deviation
around the mean RR interval ascertained over a 24
hour period) is reduced with severe coronary artery
disease, congestive cardiac failure, and diabetic
neuropathy.
Low heart rate variability is a harbinger of

sudden death.26'27 Decreased heart rate variability
is the strongest univariate predictor of mortality
during a 31 month follow-up period after myocar-
dial infarction.'4 Patients whose heart rate
variability is less than 50 milliseconds have a
five-fold increase in mortality compared to those
with standard deviations greater than 100 milli-
seconds. This significance ofheart rate variability is
independent of the mean heart rate, ventricular
ectopic activity, ventricular function, and clinical
and demographic variables. Cripps,23 calculating a
heart rate variability index from 24 hour heart rate
data, showed that decreased heart rate variability
after myocardial infarction was the most potent
independent predictor of sudden death and
significant ventricular fibrillation.

In conclusion, recent advances in neuro-
physiology and in cardiology have determined a
strong role for the autonomic nervous system in
cardiac arrhythmogenesis. The demonstration of
cardiac control sites in a brain area involved in
integration of emotional and autonomic responses
offers a plausible explanation of how emotional
events can be associated with sudden death. Tech-
niques now exist for noninvasive measurement of
autonomic tone at rest and under emotionally
stressful circumstances. These can be used in
patients at risk for sudden cardiac death to plan
appropriate prophylactic therapy.
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