
Editorial

Heart rate variability and cardiac failure

Time and frequency domain analysis of heart rate variabil-
ity (HRV) has provided adequate information for risk
stratification and evaluation of autonomic tone after myo-
cardial infarction.1 It is therefore not surprising that this
non-invasive investigation has been used in patients with
cardiac failure—that is, in clinical conditions often charac-
terised by signs of neurohumoral sympathetic activation.
This article reviews some of the most interesting and

recent results obtained with the analysis of HRV in patients
with cardiac failure, focusing on two principal aspects: the
detection of an abnormal autonomic modulation of sinus
node, and the prognostic value of reduced HRV.

HRV and neurohumoral activation in cardiac
failure
In patients with cardiac failure, when either short term or
24 hour recordings were analysed, reduced HRV was con-
sistently observed and interpreted as a result of predomi-
nantly sympathetic and reduced vagal modulation of sinus
node.1 It was also reported that the extent of reduction of
time domain measures of HRV could be correlated with
indices of severity of the disease, whereas the relation
between the results of spectral analysis of HRV and the dif-
ferent degrees of severity of cardiac failure appeared more
complex and of not unique interpretation. Compared with
normal subjects,1 2 patients with mild cardiac failure
presented a significant increase in low frequency (LF) and
a reduction in high frequency (HF) power, whereas RR
variance was only slightly decreased—that is, a spectral
pattern consistent with that observed in most clinical con-
ditions characterised by enhanced sympathetic and re-
duced vagal modulation of sinus node.3 On the contrary,
the power spectrum of patients in the most advanced
phases of the disease1–4 showed a progressive reduction of
the energy in the LF and HF range, with most of the
residual power distributed within the very low frequency
(VLF) band. Thus, at variance with New York Heart
Association (NYHA) functional class I-II patients, the
spectral profile of NYHA class IV patients did not reflect
the clinical picture of neurohumoral sympathetic activa-
tion, as it was characterised by a pronounced reduction in
total power rather than by a predominance of the LF com-
ponent. A possible but unproved explanation for this find-
ing is a change in the responsiveness of pacemaker cells to
neural inputs as a result of a persistent neurohumoral sym-
pathetic activation that is not opposed, at the sinus node
level, by modulatory vagal activity.5 This interpretation was
originally proposed to explain the presence of similar
results in postmyocardial infarction patients with de-
pressed left ventricular function.1 6 An alternative hypoth-
esis supported by recent findings7 is that an abnormal and
irregular respiratory pattern might exert an eVect on HRV
at diVerent frequency ranges. It has been reported7 that a
discrete VLF component, accounting for almost 70% of
total power, could be ascribed to an abnormal respiratory
pattern that can be recognised in most patients with an
advanced degree of cardiac failure. In these subjects, respi-
ration may influence directly, as well as through indirect
mechanical and haemodynamic eVects, the beat to beat
variability of heart period thus making more complex the
interpretation of the detected LF and HF components. For

these reasons, spectral analysis of short term recordings
seems of limited value to provide information not only on
autonomic modulation of sinus node but also on a
prognostic factor such as the extent of systemic neurohu-
moral activation.
It is a common observation that a drastic reduction in

time and frequency domain measures of HRV can be
observed when 24 hour Holter recordings of patients with
cardiac failure are analysed, and that pharmacological
interventions associated with an improvement of clinical
conditions are accompanied by a partial and incomplete
normalisation of HRV.1 The amount of observed changes,
however, is so variable that its clinical value is far from
established.
To overcome some of these limitations, eVorts have been

addressed to the development and application of new
methods aimed to evaluate the non-linear characteristics of
HRV signal, in particular its complexity.1 This approach,
which has in the Poincare plot its most simple geometrical
application, appears too complex and not suYciently
standardised to be used in the clinical setting. In addition,
at present it does not provide information on cardiac neu-
ral control over and above that derived by time or
frequency domain analysis of HRV.

HRV and risk stratification
BACKGROUND

The possibility of using HRV as a prognostic indicator in
patients with cardiac failure, as reported for postmyocar-
dial infarction patients,1 stems directly from the compelling
evidence that has been accumulated over the past few years
about the importance of the derangement of autonomic
nervous control of the cardiovascular system as one of the
mechanisms involved in the occurrence of cardiac—
particularly sudden—death. Experimental and clinical
studies have reported that both increased sympathetic and
decreased parasympathetic tone may interact with the
electrophysiological mechanisms underlying arrhythmo-
genesis. Nevertheless, as other factors such as abnormal
ventricular wall stretch, electrolyte disorders, and proar-
rhythmic eVects of drugs may play an important role in the
genesis of life threatening ventricular arrhythmias and sud-
den death in cardiac failure patients, the role of autonomic
nervous system dysfunction in the pathogenesis of fatal
events is less clear than in patients with coronary artery
disease. However, the fact that reduced HRV in postmyo-
cardial infarction patients appears to predict not only sud-
den death but also total cardiac mortality,1 suggests that, at
clinical level, sympathetic hyperactivity in addition to
increased electrical instability may combine and have mul-
tiple deleterious eVects on all abnormal substrates leading
to cardiac events.

CLINICAL DATA

The most relevant studies that have addressed the role of
HRV in risk stratification of patients with cardiac failure
will be considered. They diVer profoundly in terms of
number of patients enrolled, selection of parameters, and
statistical methods. As a result, it is currently not known
whether measures of HRV are useful and independent pre-
dictors of outcome in patients with cardiac failure.
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In 1992, Binder et al reported for the first time that
reduced HRV was associated with a 20-fold increased risk
of death.8 In the following years this observation was con-
firmed by other reports.9–13 However, the populations
included in these studies were often very small with a lim-
ited number of events, and correct multivariate regression
analysis was not always applied.
Among the HRV parameters selected to stratify cardiac

failure patients, an altered non-parametric measure such as
the Poincare plot was also proposed.10 12 The main limita-
tion of this index is the subjective criteria of the investiga-
tor in the classification of the plots as normal or abnormal,
particularly in the absence of any quantification of the data.
Recently, two other studies14 15 that focused on the value

of HRV in the prediction of cardiac death, found that a
decreased 24 hour standard deviation of normal RR inter-
vals (SDNN) (nearly below 100 ms) was related to an
increased risk of cardiac death. However, only in the study
by Ponikowski et al was this index independent of other
clinical factors such as peak oxygen consumption, NYHA
class, left ventricular ejection fraction, and occurrence of
ventricular tachycardia during Holter recording.15 The
main limitation of these studies, besides the small number
of events, is the choice of the cut oV value defining normal
and reduced HRV. These two studies14 15 used a cut oV of
100 ms, which included about 40% of the enrolled popu-
lation and was at variance with the indication of the task
force on HRV,1 which suggested lower values for patients
with a depressed HRV.
A value of SDNN < 50 ms was reported to distinguish a

subgroup of severe congestive heart failure patients with a
shorter event free survival time, even when conventional
measures such as ejection fraction, cardiothoracic ratio,
and number of extrasystoles did not diVer between patients
with and without cardiac events.16 Unfortunately the size of
the study was small.
As to the possible predictive value of the LF component,

it is worth recalling that Ponikowski and colleagues15

reported an increased risk of death only in patients with a
reduced LF, whereas Szabo and colleagues14 reported a
multivariate risk of death 2.5 times higher in patients with
increased LF. These contrasting results reflect the poor
applicability of spectral decomposition data obtained by
automatic commercial Holter systems.1

The first prospective study on the prognostic implica-
tions of HRV in patients with cardiac failure (UK-HEART
study) has been presented only in a preliminary form.17 In
433 ambulant outpatients with mild to moderate cardiac
failure, 24 hour SDNN was significantly reduced in
patients who died compared to those who survived. At
multivariate analysis an arbitrary cut oV value of < 100 ms
emerged as a significant predictor of cardiac death but it
failed to predict sudden death independently. This high cut
oV value was partially justified by the type of patients
enrolled in the study (mean (SD) ejection fraction
42(17)%) but it remained far superior to that commonly
used to stratify risk after myocardial infarction.
Although the results of this prospective study are not

applicable to the usual cardiac failure population that often
has more severe impairment of left ventricular function,
they demonstrate that a simple HRV measure may
contribute to better stratification of out-of-hospital pa-
tients with moderate cardiac failure when cardiac death is
considered a primary end point. The lack of association
between reduced HRV and sudden death once again con-
firms that depressed HRV predisposes more to an
unfavourable progression of cardiac failure rather than to
increased electrical instability of the myocardium.

Conclusions
It is noteworthy that these studies leave several doubts
about the clinical usefulness of HRV assessment in stratify-
ing patients with cardiac failure. Although further analyses
with larger cohorts of patients and longer observation peri-
ods are necessary, available data indicate, in contrast to
postmyocardial infarction patients, that HRV is not a pow-
erful predictor of cardiac events. This may be explained by
several considerations: (1) HRV is depressed in almost all
patients with cardiac failure and it is known that
parameters tending to very low levels have a reduced
dispersion thus limiting their possible statistical power in
survival regression models; (2) HRV indices reflect
sympathetic–parasympathetic interactions, but expression
of the disease at sinus node level may produce eVects that
are not related to the autonomic nervous system; (3) the
presence of many confounding non-neural factors capable
of a significant influence on HRVmay weaken the common
link, which has been proposed for normal subjects and
postmyocardial infarction patients, between HRV and
sympathetic or parasympathetic outflow to the heart, thus
making the occurrence of arrhythmic death almost unpre-
dictable.
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